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15 BACKGROUND

The developments of methods for nucleic acid amplification and detection of

amplification products have advanced the detection, identification, quantification and
sequence analyses of nucleic acid sequences in recent years.
Nucleic acid analysis is useful for detection and identification of pathogens,

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

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

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

detection of mutant genotypes, as relevant for genetic analysis, the detection of mutations
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of a reference amplification product. Single stranded conformation polymorphism, SSCP,

20 ~ is widely used for the detection of sequence alterations. See, for example, Orita M., et al.
Proc Natl Acad Sci U S 4 86(8):2766-70 (1989); Suzuki, Y. etal. Oncogene 5(7):1037-43
(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,



alteration which is based on the inhibition of branch mgration in
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al t er at isuelsas 4 fevamplesulesiuOhe selution th m&rdjﬁtaclre@a%&hél@eﬁelbfmdhebﬁheﬂhﬁ&s foequence
| eads to altered cog.f ?r nat i or%. ‘@I{t ered conformation of a single stranded
1p dha el

anpl i fi S&PT Ot aH CER1951 dan dedingd nBgleis acidhrgapance whish e sseble foror et i ¢
mobi | i t fiudhertahflyieS The MetHdds ?@g&%ﬂ&?@%&n@% 5@?&%@%})&8?5 Rad1eicAkid®
g nded confor na

reference anplification product. Single str Ion polynor phi sm
SSCP, 2@cquengg arelggnerslyl défimedidsdargett amylifwatiof msthgde nOtheahdediods fmns. See, for

| e, | t.al. . P | Acad .Sci USA 86(8):2766-70 (1989);
Suuki . iopredshb i seaityFiiof defedfon by tnd Batiananslysisara bedsd oadbegnckion.
5, 871, 69F multiple Ffﬂihh@‘ﬁdﬁtﬁé' HyBrided pi’dber@rcﬂr%gsaforiegﬁﬂ#%fcie% JeQfF thd Nat s

based on the defined changes in a specific nucleic ac sequence 1 n
di f f er ehybudized probe & fosmanuléiple produsts enthelbgasioni ofadjasentprobies tGRHER aret hods

nave a1 SBagXRoiievon Efadeol G Saliniokeer RN bebiediongi o

st r andedeaién ivas ueiéved by ufethb@sfor Bfplasat ol OFBighfls gbfdttell Bydhdefined
el %ct ro hOI’.@tI ¢ nobili t¥ pattern. See, for exanple, Sarkar et al. Nucleic

Adild Reb¥bHdRAIYpREG dhg methoyl based cahybridizationof brianched AN Agmattes.
97: 492- 495 . i f. the. esence of defi ned .nucl eic
acid sequenf:gfﬁ %g)naée ﬁ‘ta;slggg%&}soglgtgg%{é‘g&gﬁ gldyagl)gl,fﬁ étg?'f" g%r FAMP FRAEDYY pr obe
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of the defined nucleic acid sequence, are suirta or urther
andl ysi for expapleeMidlisettabrCajd Spriag HonbartSympl Ouphte Bad i 1e2636273(1986)i f i C
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hybri di 347D6ERRES,§E], EPR3T,3525 @dd Saiki Reet NG S2Phent NOf4,688 194 fhigoduct s
from-t hg {gbr i di_.zed probe, or probes, for exanﬁ)l e cl eavage of the
hybr i di 28% am?ggcet&%dwkm by Wallgeeetiadtin U6$. Katent Noy 61023:923+ Exatpplesnt
probes pridfiom Hy | di | 959 rodugt, oSl ar
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f @0 anpWy ¢tahtin fenomisidgiedl (198D rmd aheligdsy chidie reaction, disclosed in EP
Application }\Io. 0320308B1. 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. US.A. 86:1173 (1989) and Ginergeras‘ etal. 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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R
anpl i fi cehaiprraction(LER)gad theprplaped tepaie chainatactipn (RCE). Pat ent No. 6, 027, 923.
Exanpl es of 4 .00 anplificatipon are the ligation anplification
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enzynes 4. H6«00a Thedtmethads include transcription mediated amplification (TMA), self-
20 sustained sequence replication (3SR), Nucleic Acid 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 ampliﬁca.tions methods use template switching oligonucleotides (TSOs) and

. blocking oligonucleotides. For example, the template switch amplification in which
25 chimeric DNA primer are utilitized is disclosed in U.S. Patent 5,679,512 and by Patel et al.
Proc. Natl. Acad. Sci. U.S.A. 93:2969-2974 (1 996) 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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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. v
\ 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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~ primer can hybridize to the template and repeat primer extension by strand displacement to
- produce d1splaced primer extension produc;t, (e) hybridizing a ‘polynucleotide comprising a
propromoter and a region which hybridizes to the displaced primer extension product under

20 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.



can hybridize to the tenplate and repeat prinmer extension by strﬁg@
di spl acenent, whereby nmultiple copies of the conplenentary sequé R&F“‘*t he
target sequence are produced. |In another aspect, the invention provides
met hodsw@oymop | fying a target 10 pol ynucl eoti de sequengeTARd®sdied Ng: (a)
hybri di zing a single stranded DNA tenplate conprising the target sequence
Wi th a conposite prinmer, said conposite priner conprising an RNA portion

and a 3Aceudingdy,in seme empodimentsd thei TR somprigescinedificationco the tegiangwhich

term na | -pol o ' ence to.a region of. the t lLate which is 5
w th ronp AP AR SuRSIHARGR b 3 o B Bniion ] Sod FIB G " o)
ext endi fightiyh® the Wxden aLcapipai@! tolBT SO tWitHIW tHRGhydTREARS! demﬁfdseﬂ‘éhi%lé he RNA
portion of the anneal ed conposite primer wth an enzyne that cleaves RNA

f r om anfaQdiftaapopseipeoadedherein: Imseme embedimnnts, the popmuglsptidepomptisingia ze t o

B T

conpr i simoge modificafionstenharebirdii@g® ©mpldte.C Actotbingl, fesonicerhbedifhents) aced
pri mer X}ﬁi& i on product upder 20_conditions which allow transcription to
occur bipe bFSAvERGecomRTiseha modifiqakianin thedegipp tdichy ybpidizgs tathec onpr i si ng
sequenc t . J i L On: S,

aher oby S REEY e, Ahder sibifoiel bE AR ik Tk AR A MRS
enbodi nmgien asfeoniparaitopddodker pithoet the sedificatione Esmhplesisf eifitablee i nvent i on
ar§ descri.hed .herein. Egr exanpl e, in some enbodi nents, the RNA portion of
tH8 25 B‘é’ﬂ%%&?‘?’é”ﬁﬁpﬁé"r‘ qdshegeinyj 1y respect to the 3' DNA portion. In still
ot her embodi TREkszynidi8nhich nia)beRBEd inthe nRetRcis A8 BompSifidiR ade dERALEPLT L ON.
For the methods described herein, one or nore conposite priners can be
used. Vhereibud osrsambler thesnmonk thahelsavss RRSAymajchet RieseHsonpri sing a

termnation \r so described herein. In.,some enbodi nents, the
pol ynucl eot i gg&%g%%%?gt?hagl‘gb PIv %%R{Pﬁ%’{‘fogﬁf @g&f’é’?‘%‘g a?SQ COMPEREY A€ i t ch
ol i ognugkitich ha§ of hfiyY)not bb adjacdi Yo tHePrometer'\whieh higbridi¥ds t6 Ih displagiye Or nor e

modi fications to ,enhance binding to tenplate. N6 - 8 MAR 2004 WO 01/ 20035
PET/ USOBTIRS] S4enRbLPrarhg Jn othar ewhedigienbuithe pelynudleptidy somprpipeitaes a

~nmodi fic Wal L W) h |,k ZE;]l% ein,
“under ag f.;\%%étge%@ﬁ%ghg%%%@eg héﬁggi%‘ﬁﬁgé&mr e dlﬁﬁé*%?%d Pﬁ({)‘ﬂt@ lLe regi on
. as porrpe?gtgmsggmp@dﬁeavh@mhp DINA pelymedaseiexédnision of Bisplaptdextedsiciuproddte _
ggg;)]; : g?ﬁ?'&gge% aagio%bpers%\-/a'nggéj prggo(taérq}onll r\}vh?&nt?«afsgg&%nﬁ%rssf In ngg ol yn_UC| eoti de

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 polynpcleotide sequence to a region of the template which is 5’

with respect hybridization of the composite primer to the template; (c) extending the
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20 product under conditions such that transcription occurs from the extension product by RNA
pOlyme;ase, using a mixture of INTPs and rfNTP 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) anélyzing the product of
steps (a) through (¢) 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
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20 comprises a region complementary to the RNA portion of the composite primer indicates
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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 sequencé
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 complemcntary 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.
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9 comprising (a%’cox'ﬂ}létxgg an amph?icattion metggg 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
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MAR 2004 01/8 035 PCTI USOQ/ 2%1(8 . . 3 . .
f (a) a template strand; and (b) a composite primer, said composite primer

~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
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conprising a 3' DNA portion and a 5° RNA portion. In some enbodi nents, the
5' RNA portion is adjacent to the 3' DNA portion. In still other_ M 0
enbodi ments, the 5° RNA portion is about 5 to about 20 nucleoti de% é&&n{’he
3" DNA Rﬁ&tl’gé}] S about 5 to about 15 nucl eotides. In another aspect, the

i nvent i onogM8¥*des conpositions conprising a TSO, 5 wher #CI/INY25180
conprises a nodification in the region which hybridizes to the tenplate,

wher ei n, j : itions, the JSO binds e tightly to the
regi on sm%grr?ggcrl%cﬁé t‘aﬁ) rgﬁ{%%tl% %Ebglu%eq%l%‘eceﬁgﬁcﬂgﬁ ?ISIH?aﬁ‘&aLM embodi ment s,
the conpeijmicleotdotomprising apeprimoteCaitd fepforpWiich BRedizdsto RispRed descr i bed
herein and a TSO. In still other enbodiments, t-he invention provides
conposi tATEHE SXRSPPPFHICh 39 R PolymsEsEL A teactinn mixture gbtheinvsagioner ei n
and any cah akicBgpricll¥eees described herein, including those containing
nodi fications which enhance binding to tenplate. In other enbodi nents, the
i ndent i on pr duiadethecasppctsthe iimveaticoprovides kits dovycontiudting teomphsds despribe®! S
descri b?\d herﬁsn ggd augﬁg. | n anot her aspect, the inventjion provides
conposi tFEHE TRMSMS: RGuitzRle Bickpging and sensrally. (i not geressarily hoqmaining| | y

consi deraratis risiHheisHHAR oAl bimbRREHonbhs' 8 fldehmpRERlibA kfdlddAN
products) described herein (see also the figures for SRhemat! eprctions
of  t hedi®r gxamplasthe inyshtisee piovides kitethatqirepriseecdnmosin pimepcapritisg a 3°

it i si f | d: and (b
commoat (1A boRRFPEAIAA porbluicra B o5 and Py Ayt b Sdbenn B h and an
RN® por DA poriiith) Rithe BOpbaif piltier e the klng)%a?’%le |aﬁ98es%ﬂb&f’$é}aﬁ.n frhk Ritk g DNA

portion. In some enbodi nents, the conplex further conprises a
pol ynuc cepeinfarthensampangatsssuch phqnyef (ha pelynueleetidewomprising)a tbrainition

| - } .| n. - enbodi t | '
Funt Py Pofmicitb@de SqudicBitt) RPoREHNERSE) condtit il RS RSP D arpoF e ™ ©
react i oenzymesuteseritfedrhepsir elixtw.sic mmﬁbﬁglgg‘éésmAgﬁglﬁiRNm- Ié.;Whi ch
nt ai n,var t onponent s escri bed herein. For
Cont s nyBiA (s corty Lo o1 Gomeanents 25 descried heretn”for
DOﬂyHUCkﬁéﬂdﬁi&ﬁm&Ha&%éto(&l%pl%cﬁg%ﬁn%ﬁo yhggggggﬁsgédugemﬂ sing a 3' DNA portion

and an R ortion; and (c escri bed herein, any of
t he conposit én protherraspeaiythe nyention previdesisystems for effecting thoamplifidatioal i ty of
conposi [4 ». Jhncluding a c osite primer. conprises a 5' RNA portion
whi ch |§s’%§g‘i 5?&%@“?85‘%&%“%@“5%%%@“?% PR EHemS B eIy iBe dou d
al so f udrheipobanipleotife SUEREYRs BoBREhE V6RHrvNA (hy £ sfRopitder hybri d,
such as RNase H A reaction m xture of the invenfion can also conprise any
of the ¢amprigingarR’ 2P%A 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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WO 01/ 20035 PCT/ US00/ 25104 pol ynucl eoti des conprising term nati on sequences
described herein, as well as a polynucl eotide conprising a pr oprﬁrﬂﬁﬂéﬁﬂhand
a region which hybridizes to displaced priner extension product, and an
RNA pol ywerzge@3s5A reaction m xture of the invention canp@iTAIS00RSOLI Se a
PTO. 5 In another aspect, the invention provides kits for conducting the
nmet hods _descri bed herein. These kits, in suitable ({Jackagl ng and generally

(but noFIGERE3AT3D ip)a diagrampmatis gepresantationofian snhaneed Bngle CompositaPIIRe or
mor e COTRANERLPINES dudiBicllf ﬁxggﬂﬁcfahs%}o%@s;ﬁmeggm@f (BHAIRLa blolfer

i nvention provi rrseta co corrpr%em ng
DNA por sequenegicoraporiehid porti on (Whl ch may be 5' and may further be adj acent

totheg MNAap rtion)., The conposite iimer in the kits can be any
descri b&dOR&ES i ammaglcggpfes%qmqf *F?PEI%P f e ui3HAR M 3 temaplale as any of
(ak a pPQbytiied ﬁ.ﬁﬁ%ﬁﬁ sﬁfﬁl@%ﬂﬁlbpgoﬁeﬁﬁﬁlrﬂlﬁgxt %ﬁ%ﬁé&@#ﬁ%ﬁé’“@%ﬁ&@y&”ce (b)

a pol ynucleoti de Tonprisi propronot er enzynes
descri beshtitgoreomthesargbt BNAaan aesitz yOEpHmneﬂmry teethe M&Mﬁfommﬁt%cd%\#ﬂsw

hybrid (f.or exanpl e, RNaseH); d) a pol ynucl eptjd onprisin

pr opr onBT 83 ngo‘fg W@?‘Sf:f?%ﬂafgﬂe %‘%ﬁ‘i“& Ieicacid s gf%k?iwgepngm%w %t ensi on
product prdsgp@not her aspect, the invention provides systems for effecting
the anplification nethods described herein. For exanple, the invention

provi dedTe{/REebrdepiots anepiditun brgmide :ztamgéPAﬁiBgeloﬂmquQaqUence or its

nt risi a .C |te imer conprising a 3' DNA portion
aﬁg{p WEH‘R‘@%?‘?‘? d‘(‘g‘jg%"ﬁl?ﬁ? Chnd (c) an 20 enzyne which cl eaves
RNA fromlewmaams i RatodadiSxtaM @A@B&ﬁkﬂlsm hByLERMRAESH bEDNX | Mer may be
any (one or m)re) descri bed herein, including a conposite prinmer which

conpr i s@gpkfisatigaprogests fopnspepifictproke. adj acent to the 3' DNA portion. 25

rBeR;) rEgs mﬂ (%Y) g SaII %lm\%’c\)ﬁdelz Atgi{QFPAG@f 1 cﬁmﬁarﬂ*gatg{al nec‘édé& of

€ conposite primer
anmplifi ssi{NAmmammprEdmnﬁﬁt&Hrom ca/eflala@:ttaiﬁimltl c representation of an

ance r.i mer s Inerncl cacdalf'ca',on
higc ess%@bﬂ&lvg ﬁ%"lf"iséﬁ§h1‘ Hm“lfs"fl : “SIP%‘T‘EWI‘SPBH’ I elrma} inear

oI i gonu%&,gﬁb%mﬁgﬂ@%thg@ta3 8015@@ - WO 01/ 20035 PCT/ US00/ 25104 FI GURE
3A-3D is di agrammatic representatio an enhanced single conposite

primer F IGURE 9 depicts an autoradiogram of probe hybndized to amplification products

generated by isothermal linear amplification of a J gene sequence from E. coli genomic
DNA.

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

primer.

25 MODES FOR CARRYING OUT THE INVENTION

The invention provides methods, compositions and kits for amplifying

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

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

RNA/DNA primer forms the basis for replication of target sequence. In some
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i sothermal |inear nucleic acid anplification process involving
transcription, using a blocker sequence conponent. FIGURE 4 is a§ MAR 2004
di agrammatic representation of detection of a mutation in a tenplate 5
sequenceWksdrpgoashe single priner isothernmal |inear anmplifpepbtfpsRizocess.
"X" denotes a mutation on the target DNA at a site conplenmentary to the
RNA porti f the conposite priner. As shown anplification of the target
nucl ei c S'E‘BB‘? {5 %E’R’@H’aﬂﬁ%ﬁe@emmvdmﬂvbmémendﬁbﬂﬁt& mplicakios an

thid Ilnea therma i cation
;e)r o:julcggbg%m?rggvﬁg %‘i@%%‘?‘g‘a’epli? fatfg? Sgﬁ“‘é H%&FE gt am of )
PAGE anabslewsmmbrﬂmﬂmnodnmam ahe pdlymotﬁmbh{phgag laQErnih &b equdre & FPECI T1 C

probe. F] GUR Ct S hi_di um brom de stai ned PAGE gel "conparing the
ef fi ci entsnRite s & ‘&(’PH §‘ét|‘ s4hS6h, Wh@b@@ﬂ@ngénwwhwasgng&frshﬁmem
t ai ne
corpar Sam%?‘“g"’@ﬁﬁot 0 Ry kB Serbiiletod s 3B 6 oo et of
3' - bl ockedficigm commlxﬁ&tﬁ'yd@hyhichz@mnanha{@ﬁbmﬁélﬁk Qhe REBRALBY Bdudhged to

lification roduc ener at ed b i sot hermal | i near anplification of a J
ggﬁel squ ? y 388'19 ne &il‘é B@CIQDCWM@@UW@HWMI@H&!:D tehi di um

b d ti oducts

onorat e%"?li‘ﬁ%ﬁ??é‘”ﬁ poBimcri Sgﬁsgﬁéﬁﬁ% OF e (ERH Scah e 'chltn S/ defRieg O

i gty VAV ey e e o
Kit in 0 Qt,i _

2g?r%r : SZ( %.ngll; ngygiﬁ]I %\cﬁ% %ﬁﬁg‘\?’% YIRS FEAUSPES Yhtie |t9malate<§tm% ation

sequencegvailalile forrbirdth By BRcther doﬂx;%‘it&&m&f aRA6therNaf id oH&c%q ’by%NA

ropronot er ol i ognucl eoti de sequénce.” 30 As a genera
grrplol fi o%fﬁY‘B?F%W%‘alsdlﬁﬁi?%s e previpusly rerdlcmdptramd, eesuRhig/ @N@spinrcedrer f or s

01/ 20035 OB 5E SRRy 4 LSRR B iR sProR Tt AR owidRs  ho
basis f dwhlahn hybritfipisrio tHeatispliwedipeiper @Rfehsion pRdusi (WiEh SHntR] Fdratadplebh 0Cki ng
f U4 her Bia‘tecsavstnltc noh‘aglorcl)&]cgi’eotljc]ig otr fa);o%?(t)mgttelr' ?erxl?platé%llgglfu%{éoude) ~which contains
sequences of sufficient complementarity to hybridize to the 3” end of the displacement
extension product, binds to the displaced primer extension product. The promoter drives
transcription (via DNA-dependent RNA polymerase) to produce sense RNA products. -
Accordingly, the invention provides methods of producing at least one copy of a
20 target polynucleotide sequence (generally, methods of amplifying target polynucleotide
sequence) comprising combining and reacting th;a 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; (c) RNaseH cleaves RNA of the composite
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bel ow, in sone enbodinents, the polynucleotide conprising a ter m—'@ﬂ@\iﬁﬁ[}k
sequence is a tenplate switch oligonucleotide (TSO, which contai

sequences, that are not of sufficient 5 conplenentarity to hybridize to the
tenpl at &Y @PVZMF (i n addition to sequences which are of PEATUSEN2T104
conplenmentary to hybridize); in other enbodinents, the term nati on sequence

conpri sesi-hr. i ’ h f sufficient.c e tarity to
nybr i o 2mies SR RIPEBIER GBI aipfercoriinisis Sl pEBREASTE G o ¢ e
target sempletecandfanother heundrofipeimer eAfensioE Yiediateddy DN@apetPmERKe) beairs,an

| eaves 10 (renoves) RNA sequence fromthe

RNA/ DNA hybrid (such as RNaseH)
hybri d, dF%g"\‘ilquﬁ%gfﬁ?é ady comed g@%ﬁh%ﬁe@’@%@and avai |l abl e for binding by

anot her conpe®jsbiall HIEs; l@“l?%’ ﬁ@& P : TN I se,
whi ch di spl agg t%g’pr e\?lj 8u§ ﬂ%[esgﬁflécla edlhéwélgl %iﬁ(?éequég%lrfl n8 feg&gyégﬁaced
extensi camptioguas thos©ebinpondrty listed glalvy ou atldst separatsdyipr(epa pelyaudhsotide onot er
and a regi on . which hybridizes t e displ aced priner ex{ ensi on product

t
(whi ch CHRPHRENE £ HFOREQ sedugnqe;Cytichpanbe 18y of aguphsh aEiosB.iage or
: i t1 . j j egLe .
Pr opr oMgegkibbe ARERY Gndh r&AHY Whﬁ%bl{?'?ﬁhrzem B d?sfﬁggc@% ﬁgmg? BAS @8{?‘3‘%@ et

sufficient conplenentarity to dize to the
ext ensi €f ribonenkessidetiipbiesphates hesuliablelaaslegs;pmidr(e) Rd polymerasgraderct . The

pronoter_dyj.ves transcriptij.on ia. - dependent RNA pol ynerase) fo

pr oduc_ecg'g({r#é%nsl“xsﬁﬁs1 BPE%G‘&S(CE {1% 8@%%&%?&‘%@ PRI F%eéémﬂé{‘%ods of
prigduci Rerigds cofiRdherS6f e RietBbdsf tidpresdnd BiveRAbY R PreGlbdiBelsRaUENCE
(general ly, nethods of anplifying target cfm ynucl eoti de sequence)

conpri sing c&hEAme ergbedimentsatheiinventipe prayideswnethody efjsequazicinginuclsicragittie d

compr i st At D FanE SRRk el B BB T SRR Yo e, ()

deoxyr i lembudineatsi wlkch rélp b sphsdripsionbassd dngilificationd 8¢ ised, @pproprigdyznme, such
as RNaseIgLHEV\hi ﬁh cl eaves R%t 23@1 rom an RNA/ DNA dupl ex; and (f) generally,
but opt FOREY} Yhich "i‘ﬁﬂalﬁﬁé?l qrywlabgllads arg ysgd o Accardinglntthomventipience, such

. 3;1_?2}’ Provide SREIRB O sERLn BRI %it&ge%ucﬁlatiﬁé’ gﬁd g@é%ﬂ?gx?{%ﬁ } @8 nfilods’ €91 ON)

ich hybridizes to the tenplate~pol ynucle ation sequence is

. used i f descrihedsalovp: wherelna®¥ BP sanl ANTR atdlogs Whiek ateprinr élengatiso used. The

G ommons o L5 el ] S R o T Bl

t er m nabiePHns@@URNPESIN fRyMidattrd SShitPmah Be 15ENA LE unlabl1d! ﬁrgQNléaecEéﬁ& J on
C

occurs fromthe conposite priner, to forma duplex; ( ) seH cl eaves RNA

of the amppficatior product & applyzedtor seyveney IfupmtipaAsBOoibE DY i ner from t he

RN DNA dupl ﬁi(éthéxdémﬁ’tflﬂﬁmgﬁtrs, HETRRRSE pt%ucferg rme@(c?cfsi o?id%{%%tirtlgon&c&]e?c 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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tenpl ate, and another round of prinmer extension (nmedi ated by DNA

pol ynerase) occurs, displacing the strand already copied from the8 MAR 2004
tenplate. Optionally, the following is also included in the anplification
reacti onwpaiibes at the 5 sane tinme as those corrponentsﬂdﬁsgﬁilzﬁlagve or
added separately): (e) a polynucleotide conprising a propronoter sSeguence
(which can be in any of a nunber of forms, as described herein) and a
regi on whi ch @{sr meihods which use thié spplifietproductedesenibetisirein aprmovided ()

ri bonucl&q@bde tri phosphates or suitable anal ogs; and (g) RNA pol ynerase,
under conditions such that transcription of the displaced strand can
occur. Details regarding the 10 various conponents of the nethods of the
present invention are provided below. In sone enbodinents, the invention
pr ovi desi4retisgasofdhe suplifientiongnetbedsaifthainvergion( DNA or RNA). For the

i . i ANTP: _.wh mbadi ments which rely
o g mr PRt A o RS o . 1V ian fRaiad G Brel SER e SBYaneaess i o

may be |mleebihermethodnbeielldie deidaitplificatbn, Aﬂf&%ﬁb&wnyofp}m‘editaﬁ@a%é, on 15
provi des npet hods of seauenm ng a target nucl eoti de sequence conpfising the

met hods PTHRY EXiepsign apd displageraent; of themewiousiy ganerated extensjen produdt imr e pri ner

el ongati j j e l.gbel | ed. or _unl apel |.ed, and/or

r NTPs arﬁﬂﬁ:ﬁ:ﬁfﬁé}aeﬁa %%irﬁfg@é R@r@%ﬁt@ﬂ@f abelelg Gaized Ropst ﬁ*’ﬁ&gfﬁ?‘é"?e%i ch may
be | abeldctivityr Thus, deqirined extemeionpestucaizda tha BPdridst seHib®Bf thE peibfRt, 1S

anal yzed.for sequence informgtion, as described below . 20 In other

eg@odi e ‘{“é?q‘teﬂgy’i ‘H%g‘n‘tf‘r BARSSFIpt PR BRoduet asaerated iram theccomplexefdheextensiind

sequenc grodiicRandihe @RRAR swilr' Bﬁﬁélgdt@@,aér%?g{qng)(g&ﬁgﬂéﬁfeﬁli&g{lﬁ]clgor%%e,

enbodi nent, the presence or absSence o
pol ynuc|dees hefeonkinjaititst’ edd Baseduenve ichmplenientary to this puibn 6Hthé pamear get

| | ) n oy \ g thon eit : {ai
b 1 aokd i HE atRliBEBaTRAREE 418 nhlcaPhbl hE broii ae T e e T pucte
anot her aziplifichisti, iRiking the empikatidnadetRERBIGhSiRERidh e dsdfi to qtgﬁ-gﬁéciiﬁ’p of

mut_at i ons l?¥ hybridi zation with specific probes. In yet ano
entodi meMPITCHEONGHS tp cPaigminasioncvith produats geheraediby phor amplificationisdent i f y

single s ¢ i D)0 S i n ar ge ol ynucl eotide. In yet
ot her . SuAcRBt ChHs RRL Ll YRR T e B0 b pitasifony

ni cr oar magthodsf suchak ®CR, NASBA (RUhOlikeRMA) rendérs the Methadddfithé Rdemiqaduct s of
the |inear 30 en | inear. nucleic acid anplification nethods of

b?r haniefj
the preSWHPI {5 SRER Bipe Plajiorms compmondoused yoclinieal defwmateriss, bighdiupsglamt Ot her
met hods ta¥ing BitésSend @ 1&EP! i i ed products described herein . are provided

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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bel ow. Advantages of the anplification nethods of the invention 5 The
anplification methods of the invention provide several significant8 MAR 2004
advant ages over other nethods of nucleic acid anplification. The fornmation
of pri 9408359t e, priner extension and di spl acenent ofCTHEVWZSM ousl y
generated extension product is dependent on the cleavage of the RNA

ortion t r.idi.ze IWen b ri.bonucl ease activitgy, .Thus, the
Bri mer ren%Eheor?gﬁ 8%%%3%@‘% rgPlg{eIIg@ﬁ‘i'aﬁ’é tﬁ?‘l@“@‘q g‘P‘Wf’ﬁ cﬁs %é%? H’é’ugri mer. 10
Consequemiplate DN (id¥Re enlgnsed lidar emplifiedissimadsd)at ed from the conpl ex of
t he extension.  product and the, terrpFate sw tch oligonucleotide, or the
pronmot er t enphamethnds ofthedneaitiondo nofrrayirg thermepyching imthat aphification ceame
sequenc [ t1.QD: j T -1 he
R i T
pr 6duct facditatingdutbrnatidri sl adapiation for kglagipdighpardnmplificagéhadioraiatysis of
i nvention resistant to non-specific 15 anplification due to contam nation

wi th prBedeicacenEpnexamnls, spayegring mathqdsbasqdpnsthe amplificafion mathpds 9idhe ur e
cl earl y;Jlasi:d i it r qgg&k Lat ¢ met hods,
such asl@c%@%é%@?%édt%&?%ﬂéwﬁgﬁgﬁ%%ge%tg%ipsrret 0 gﬁgf t)t é i nvention
sui t abl meflwds tha¢ havelixen ptpirfed remireahernmal yyclingdot the sépanatioal ofIpailneerat or i es,
hi gh throughput . testing.,sites, and the |ike. 2Q The uni gue requirenent of
ol oavagEERoImBrodGES Hof e ArEf seaiFnee b sotieptliesction 1 Peler HpB A zed and
expende ' i A3 AT AFTAT-TA ression
o?bt he g%@?ﬁg%r%ﬁr %)tfm? ghfgs'}ggiﬁtﬂﬁ l?%‘ﬁf:ﬁ c aggdﬁg%%lggr%cdg,a t?hgsturlugg&ign the
excl usi oaid immnipturiged dewicesf DNA target. Thus, it is possible to use the

met hods of t nvention f anplification of nom £ DNA.targets in the
presence of 5@82‘5&3‘??@&%8@%?‘?’?%}5? roﬁﬁ%mfgnmig?}?a?%@aas%?gf‘_ ceris

quant i f tegaire@nAcingle pmepiagitizedogitoville uhiirectichabpiimBtédi@istonabitdesiigquence
is RNA .the target is first transcribed to produce cDNA whi ch can be

anpl i f i ByrmplfiGaon pEtemplate gycleic acide Thisebiiatenthe rumerauseayebasks t he i nvent i on

| : j OO e _ PO . Cour acy
aiEn Prasodtfci iR GiRE pAMePboibd R RN SCoftiesiifing Ul bl v L1
copy of sethef pramers; ths agedbtodmve pribhimowlpdge dfanidditiondiéqidnoe tdpdorl withiar

lifigation 16 8 MAR.2 004, WO 01/ 20035 PCT/ USO0/ 4 nethods), or the
put ¢ ERPEPRYRICI gAY eSS IBAGH B T E AL PGSt enpl at e
DNA (i nrdstiR o RGBSRk priveig. anpl i fication methods). 4

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

20  use for detection of nucleic acid targets, quantification of defined nucleic acid sequences,
and the production of probes for defined nucleic acid sequences. The methods of the
invention are useful for qualitative detection of a nucleic acid sequence, quantitative
determination of the amount of the target nucleic acid sequence, detection of the presence
of defined sequence alterations, as needed for genoiyping, 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 rhay 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 do not require thernocycling in that
anplification can be perforned isothermally. This feature provi de_;t 2004
nuner ous advantages, including 5 facilitating automati on and adapt W& P r
hi gh -t hrevedlipeéssanpl i fi cati on and/ or anal ysis of nuclei gﬁg r

exanpl e, sequenci ng nmet hods based on the anplification rr;'f 0 %ﬁgisﬁﬂhe
invention are sinplified by the ability to performthe reactions

i sot her retdction of therpresenteaftiaribtapathepens e e Binghobiblopital SerplE eSiniRiRBthe

cycling r the. separation,of Jnmer _extension products fromthe target
sequenc e‘{.e?efﬁ‘énal%g&qgé{ pTigls R"Qﬁ’&?rpélﬁ sttes messinglergenpmiNAIRms eanched by

t her mal &Y&hﬁﬁ&sﬁﬁgltﬁlﬁoﬁﬁy gig kQEadiShf or M ng sequencing of a target
nucleic acid in mniaturtzed Vi ces. “Anot her advant age of the nethods of
the inventi orlt issundeestoadrthat, with resgeat tpall eribodimentedescribell hefein) BgiedeMlyMer is |
utidized: ovide unidirectional, prinmer extensiqn that results in

arrpfi i fi cé’{’ﬁ%Bﬁg‘g FERBYIERLS 9 GRegtSe theanyentippalsogggludesambadimentsisthinhs

dr awbacKksgordsistasseatiaiy 6€F thésk Bompyidies 6&5?@@5.%‘}1 veltddd dzﬁso in%fud@g(anpl e cost
of designing and making two sets of primers, the need to have prior

know eddg@btodiments whichi ‘sargist o8ttheseccompmngents oniaspeich Thikepplispd alle nucl ei ¢
acid, a i robability that anplified products are the result
of non- %&%ﬁﬁ%&%??%%ﬁgdﬁ) "linear isothermal anplification nethods of the
invention are also suitable for 20 use for detection of nucleic acid
targets, quantification of defined nucleic acid sequences, and the
prﬁpucti n of Ipr%%),es for defined nucleic acid sequences. The nethods of the
i ntfent i SFEnardd Tgeiepgvest or qual itative detection of a nucleic acid sequence,
quant i t at i ve Theqiractivk oéithicqmesefit ihventivbuilltengiloy Nilés bBREwRY eddRife@Ci d
sequence, det.ection of the presence of defined sequence alterations, as
needed FSPV?(&,«‘RB?Vﬁ‘E}W&“eaHng{&&E}%E’P}f@y (ncduding meembingnt eshnigéeshnpl i fi cat i on
accor di mgictodidl Qg!@gjp : 4 is j e e

readi |y detecta I’gs %{9 var|’Eﬁgﬁ%‘wlg%’q%gg%@{og%@)d%gﬁe%%i(‘g@ﬂlrrtg? %@@s&f The
met hods thf art. nSudhigeliqusa aeerexplainedifelly st ditethure, nuth g FMolankr Wosing

n ei ¢ 5 agl nces: That is ta say, varjo arget sequenpces may be
aunfp‘?ll i fi éﬂﬁgéoqnﬂtﬁﬁgneoﬁagll Ve eglt?ﬁéﬁ@%¥%’ iakmi?ﬁgii &ﬂég.on‘l‘ﬂéo%i ous target
sequenc 8yntheyisb@MJaGait0dd.,a 984)) OARirea THM CuldBe DL, 19EsHRBY, JISRHEPENt specific
sequencegs of various nucleic acid targets, which may be " present in a
singl e tggﬂt‘h%dérﬁ‘bE@.Zymﬁlpgléx@ﬁfﬁpﬁmctﬂi@ssnhlcﬁoﬁgmcnttﬂﬁembwivfenModmuhlre usef ul

for theg '-’(lj\@ft 0 0/ 25104, detecti.on, of the
pr esencg]i ((Z)lfo B ous %ggtﬁg%%elﬁ%é%’%%éii&ﬁqr é%%gfco‘l’%%%éhl s?%np%%@y‘ﬁﬁaﬁ?l y, the
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 interesf, 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 “targét seqtence,”
“templ?.te DNA,” “template polynucleotide,” “target nucleic acid,” “target pdlynucleoﬁde,”
and variations thereof, are used interéhangeably. |

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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determ nation of various polynorphic sites in a single genom c DNA sanple
can be deternmined sinultaneously in a single reaction. It is unders8dod 2004
that, with respect to all enbodi nents described herein, as generally 5
"conpri YRG¥2Whponent s or aspects, the invention al so i RETWSeE25eMb0di ment s
which "consist essentially of these conponents or aspects. The invention

also in bodi ,ch "consist, of these.conponents or, aspect.
Thi s apglk’?sg‘z&t“(‘%& W %@F&Cﬁggquggg%ﬁ%lgmﬁgr BPnor léffﬂﬁﬂoe&‘gl%e‘q’%@ﬁni ques
The pr asequeacofFdrkeapplesespies car idlady niwlddtide aRAIOYs sudh s 86oxiMtRInGI Se

i ndi cated, . copventional techniques of nol ecular biology (including
r econbi AHFEUGIALIFAPERFE A)teratigns(su ¥ ssgyence alterabipry iggodudsi dhrpugh a prigaer and

: | e v Ui 5 ~o S
excpl i g il & el b e hybiifiz e, b Sbr ol Reian e Be NS B8P ©
Laldor at sequekbmeradr thas econn dusinl amplifi¢atienbr ook et al ., 1989);

"digonucl eot dle Synt hesji s". (I\{I,J. Git, ed., 1984); "Animal Cell Culture"
(R 1. Freshneyolyagcleotidsg or “nuelgicragihisas ypedintorchangggbly hageimasfertorr ess,

Inc.); % j ' y M .1 at ,

cds, | 1 BEHTAEH TICRAAGR St dof IR S Biq R AR IS THeiRLhiBtBleafibe .
(Ml | i s deoxyaibopuddetides, ribonjcle@dleRrmodified no¢legtides ot bascs,dme/oatskir analogs,

pol ynucl eoti des | oyed in the present invention. ,h can pbe generated using
st andar & P@éﬂﬁfﬁﬁg@ﬁ%ﬂ(ﬂ?ﬁ ’i“ﬁo’_lpﬂ@g%ff’fl.to RelY et F’QS%A At B‘P% B‘glb’n?@&_ﬁeﬁce, " as
usied hepeiyduclestic B8y} B e SReisHERs Sheh ﬁﬁétﬁﬁalt(edfrﬁ{cle%ﬁdmnah

anplification is desired. The target sequence may be known or not known, in
terns &reif angloget Ifaressnly modification tetheinugleotide starpiraney beampagedtibdfercei n, i s

a polyn t t tains.the target nucl.eotide. sequence,. Il n sone
ot anc L afih sy BF the GBNRR:C Tnt Bl REESE o misk € SSPAEY b for
poi ynuc necitotil, conpoaegst ApolyrRiclotidé fhay be fartige imddpfied uftr polyntt@izatiorand

are used .interchangeably. 30 "Anplification," as used

vari ationg thereof, L f itio
her ei n, S\j‘éh%‘r |qopiugates with @ Iaheling compenenst Oghes dxres afmodificatipnssinglyfe.es of a

dgsi r ed fSEIUBBEE“capM syl : i8S ' . 18 - 8
VD 200 T ABIRDRS foapkt 5%’5@58‘?’?@?%3’ Hicidotthe “‘ﬁ%ﬁ%‘ szf(r&gﬂ?%?r%lglr%o%‘ger%%}:
sequenc eneoalpg.antemualebtige modificaigortsisuyh b5 forexatnphe kivise withagichaged For
exarnpl elinﬁa?goels ?ég.?%@tﬂyi‘ﬁl'm‘ég orpaltjecsl, poc;[slpggtrigsntgl!s? Sosls)llljocar&li astescj ecg%(gnllaqgss, If:tr(]:. ’

and with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those

)

0o

containing pendant moieties, such as, for example, proteins (e.g., nucleases, toxins,

20 antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine,
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 1to 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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i ntentional sequence alterations (such as sequence alterations introduced
through a primer conprising a sequence that is hybridizable, but ngtMAR 7004
conplenmentary, to the tenplate), and/or 5 sequence errors that occur during
anmpl i fi cgig @ihoo3 0! ynucl eotide,” or "nucleic acid," as usgg hﬁ&@sﬁﬂfngeabl y
herein, refer to polynmers of nucleotides of any |ength, &Y e DNA
and RNA. The nucl eotides can be deoxyribonucl eotides, ribonucleotides,

modi f i edcarbotyadicisdgs analops w8 snomet ﬁfgaisDRﬁ'biﬁleﬁeQﬁWSuch%'a?dBﬁio%&g&gws@{e t hat
can be incorporated into a polymer by or RNA pol ynerase. A 10

pol ynuc| 8bXaEEsnByranesasHears fuisapsa sugarsussideberitdeses, sayclic asalogst dnd| ahtsicl

nucl eot i g i I . esent. nodificati.on to the nucleotide
struct ur gﬁan%y 1gea1%a.qt%§rs ngdgblgggyleﬁﬂ%ﬁﬁeaf TS O S0 R})‘PiP%af‘lerﬁﬁ‘Eﬁgﬁwy he
sequenceraplaced by edteindtiee limking groups.c Theselagiemadve iking gfdu?eidcﬂ%,cmf&?@ent s. A
pol ynucl eot.i de can be further nodified after polynerization, such as by

co n# ugat Peirimitedhtog e Aty Vhsweis paasphate ik sgplaced &y PEO)SHGthidate MR(S)S

i ncl ude, (« »Q X% 5 LANSG % t{ 2N ~pf nor .t he.

nat ur al | §hg%’fc63§er ?’ ng ]nuc;f (aiidate )’V\nﬁtdﬁﬁ’ g@?&gr 89,"@?%&%‘{}81&8%?? iién Which

nodi f i caedchr osBL s indepefidentlyth ophubstitutaiser uhistbbtinpedakged -20 Cnsgamaly e 9. .
nmet hyl phosphonat es, rl).h triesters, phosphoam dates, cabanates, etc.)
ond i t POTAPGRAT S 03 pass, srybrueianb CoeiRmsHs Exslokesh RomGHbL hNoalbS
etc.), t Letiie . . ot ei ns
Ce. 8? e RRDA AR ACATbe TR The BERIAZ el cRbUSH Bl g L7 o

et d0) , t poJynucigatides referedtodiernis, ipeluding RNAiadd DBNA. psoral en, etc.), those
contai ning che ors 40, Netals,. radiogctive nmetals, boron, oxidative
net al s, e? c.) ,bﬁ%%%uéleg’ﬁﬂ?’aiaﬁ}’%&%ﬂ?%% y refiisde Sbﬁff,rgeﬂ'?faflr riggle i nkages -
(e.g., astpindedapaslly symbetcidyelddtideshst are ﬁaﬁerw, buﬁ%t%ea%c]}/ &dsgf orms 0

| eotide(s). _Further, any of the RydroxXyl groups ordinharily

t he pol ynuc ) / >
present: &‘ﬁ“ pheut0g aueleatdesiie langth. Lkgbnutlsotides in thegresent nyeptiosipbludatte

groups, mﬂﬁ& , h tapndar d protectin Qups, or
“activated to Et? ?glg%;é’ aga’ll;%%%fﬁfogg ra%%‘ic"f’%' Z%%ﬁ F3n gor?ﬂglie@g‘iﬁl d”gg or may
be 15 conj {ppdyresleotidgbire dosmpally exclidiee. SThadecBptidreabove fbr Ity iR kolifes is

phosphoryl at.ed or. .. substituted. with am nes or organic cappi ng groups
noi et i esg Iy ppofylly apg ’E@’tl?;?r wongelgatdes. ot her hydroxyls may al so be

erivatized tg Wa{s%eﬁéﬁirllf’%kh&@ sﬁ@%ﬁl‘%&c}mﬂﬁgkﬁﬁhgd&%ﬁ%@ﬂ%ma %0

. (43
contai n anal ogous forns of ose or e sugar re genéerally

known i }-@Hegraup, that bindsde agargétaotentialip peeser in a Gampletoflinteredt byhybridying

2' -fluorQ:.qr. 2 -azi do-rihqse 9 - 8 MAR 2004 WD 01/ 20035 PCT/ US00/ 25104
car bogycﬁﬂé gsf?fégtrS%é{ﬁeg\%%ga%l,mgqs?%%ﬁ’ﬁo@ﬁg%l? Qenéﬁf%&lf{at? Eé’t‘g“ac h as
ar abi noseamplymestas; 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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or |yxoses, pyranose sugars, furanose sugars, sedoheptul oses, acyclic

anal ogs and abasi ¢ nucl eosi de anal ogs such as nethyl riboside. One-®MARGIE
phosphodi ester |inkages may be replaced by alternative |inki &gzs?roups.
These aY@P¥03 e 1inking groups include, but are 5 not PEHUSHERSEY,

enbodi ments wherein phosphate is replaced by P(O S("thioate"), P(S)S
("dithi Qat&s sessation) " abi R )]gtﬁ ChZ,

(. for rrg‘(é:@e{% aefsﬁdoqldr?ﬂj\qﬁi"éﬁmcggéﬁb%&%rgA%ginéé?ésg epeﬁeg ntt F{/thl-l orplgtﬁbst ituted
or unsubemptisihg theathrigyt se(ier2®. B 30 phd aragldr ynayaon bebiicked fon ertehson by O0- )

| i nkage I\?f%\{)ll al kenyl, cycloal kyl, cycloal kenyl or araldyl. Not all

| i nkagePNA PB4 fiuct eot i de need be identical. The preceding description
applies to akfedfnARINILS! 2 Otdrfififatioh poidt 2 %s fepbiingbdbly HabidreRi¥yand
DNA. "d i gqnucfveoitli de," as use hereipﬁ’, ’gengrgeglﬁy rHeéfnérs to s orret,

geder al Kye siterpyint orgegiom dEthe teyeplateathhtyis dashteplicated by thenDNAepilydersse hat ar e
gener al but not necessari.l | ess han about 20Q nucl eoti des, ip | ength.
1 gonubFoss Fimation Shppretaion Gl AMERE PHGRIoHoT (EBRBSSPHEt FPiror
TSO,  PTekansle bhitie ke8pect BAHTBOL it id IR JARItITR or MdiSIPIURE eREétd8quenbthhbis

"pol ynucl eotide" are not nutually exclusive.” The description above for

pol ynucke@plethestarsto thedaend ofthel pfinler pxtapsion pradiet prior ¢o syitehing somplates. A

“primery i | | . i.ngl t randed pol cleotide, generally
with a rogethggé}g °é’§%§%‘8§§’%§{¥§?‘s"b‘ﬂ%&@@d‘@“g&’?’&g‘{n%{(}F%hﬁ&m ly present in a
saopl e of i nf‘Bfo&f;‘;iroxhytehS’élffilbﬁﬁe?f &gl “pﬁbﬁx’@n}%tér_@étgﬁhcé,eﬁslﬁs”e@ﬂ}er@ﬂdefehﬁhﬁaf ter
pronot es. pol ynmeri zation of a polynucl eotide 20 conpl enentary to the target.

A "t er nomglerdrandest PNdcieguencg acgian ydighs in double-girandad foranisse fe," as used
i nterch F s s a ke Ly ef fects

cessati g‘%&gdﬁgwﬁ%#PB%??’OHPW%%%’ygéﬁ()}g%ﬂgm&? Ee eg%%ct to the

t enpl at Epmtappemsteny “propronatgesequarr féipesprootes’’ fipromidtansegaeauefiand conpri ses
a portign (or region).th enerally hybridizes 25 to the tenplate at a

| ocat i onp’?g“of‘ﬁ F‘%é‘s‘?%’rrﬁ?rg%‘%"\%_ﬁ%ﬁﬁoi nt (site). The hybridizable portion rmay
orpsMay not  enrtafpReSwilt oiBbhudedtRItTTI),» A0 ufAHEREA SrefdrX @@ €S of suitable
term nati on pol ynucl eoti de sequences (stch as bl ocker sequences and TSOs)

are provligenyclentidethat congprisok @ posimuentagion) drat ihybridizablestequemplete a8 used

interch y ein, .S a 0. exanpl e. of term natio uence, and
o or o TRUBAPSYol5H Elinalifn, 8% ol terSioR an shat U aRARIeR SREEHENT: , "
the tempdnylate Buittieirctha pidtess offprimiéaixtedBion by laDNAEpJIpBIaBat TSOs &t € and 20 -

8 MAR 2004 WD 01/20035 PCT/ US00/ 25104 . oL
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 heréin, 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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ef fects cessation of DNA replication by DNA pol ynerase with respect to the
tenplate conprising the target sequence. Its 3' end may or nay not -BeMAR 2004
bl ocked for extension by DNA polynerase. "Termnation site," or

"term nald Py Bpdsnt . as used interchangeably herein, refers to 5 the site,
point or region of the template that is last replicated bSCHPRIOBRA4

pol ymerase before term nation of polynerization (generally, priner
extensi on) OrT SRRILM Ss toctélle of Riuce BBy, thédbn! GRPGUmdR A TSO 11 15
the position or region in the target sequence tha "3 conplenentary to the
3' end ofompedipiareferenceensi on product prior to switching tenplate from
the tenpl ate pa gotide to the unhybridized rtion of the TSO 10

" Pr ot opr onot e‘g é%‘ﬁﬁ%kcéﬁmaéﬁﬁ“bfm"gﬁf"a : eé‘FS;s’_éﬁﬁ%‘E_ & mayQr maynet ke stabls, refer
to a siagmaybe RGBS IPHATIFRHY ARtBtel CBL UM Bs id dbscipbbd! el lLARgded formis
capabl e of mediating RNA transcription. In some contexts, '|6|got opr onot er
S eq{il enc eSertan GMpPORERLS @b & sgaction ndhotype of productés) of the reantiops exisdnee of a

" pr onot 'pronmoter’.are used interchangeably. 15 "Tenpl ate
sui ton it ERR ingBR, o RTREr o yPiion, e s BSiRly an --
ol i gonudntanediste twith respsepto SR Siral faplificAtiod Pfodue@é)on) that is hybridizable
to a tenplate gt a Jocation 5 to the terimnation site of priner extension
and that is cApBYHenopr aegioay’| ysgd interckangeably hesin, ofia polynhelegtidevess of

primer 1% S s _are gengrall no inthe
B TR Aide M PolioBS YIRRAN 2 oLtk Bl AEPE-Timbed B, 20
geHer al Irggibnonperttientinatjedst abmiteny 088, 5 10,013, 06, 2O EoHticueiszadleanads on of a
TSGO, during the .course of a single round of primer extension. "Propronoter
tenpl ate ol i JORETRFOTYADN. ppyegpence khich is agjaseitnto anofher sequgnegrdirectly -

ol i gonucibagithd@edibRtpor@6m ol r AP RAASHH; ik P9 4d ‘
generally_a 3' épgr’ti on, ’tohgﬁfegcﬁy%??g%%aft 0 Sﬁgﬂ%ﬁ%é)gil%%ﬁ% 8gfopri mer
ext ensi ¢ FRAwpertionpfea canpysitp pomet directly gbetsdbatangionhFohyhitlustiatiehlb€ porti on

may be t I.st:1 nct .o, overl appi ng nucl eotides of an

ol i gonuc eS??g@?’ %e}&ig#%rftléeguwce whi ch "corresponds” to second sequence,
suh as an RWA“pactidromixt@t” & A0ABERbILE @doﬁﬁ{oneﬁ@,%cﬁ,hﬁlﬁeﬁsjﬁﬁﬁﬁlb rst
sequence has. significant sequence identity with Tespect to the second

sequenc &ONGHPRS, feachio forya romplex/ (whietumpay, be ae intemediate)sidtde o pidutgs)30

mut at i ons, oraeh 1 Qlkdyzb N f. t. 21 - R 2004 WO
01/ 20035 PCT / ﬁsbgd}lg?&lg 4"&@ Nehdfd ‘ﬁﬁ@,%fesg&hgmgé gl%lcate% mcluge LI)YAural gorms.

- “Comprising” means including.

Conditions that “allow” an event to occur or conditions that are “suitable” for an
20 everit 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 séquence’ 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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To "inhibit" is to decrease or reduce an activity, function, and/or anount
as conpared to a reference. A "conplex" is an assenbly of conponents,.. A
conplex may or may not be stable and nay be directly or indirectly MAR 2004
-~ det ect e@¥OPH2008Xanpl e, as i s described herein, given 5 cecraisno/zsioponent s
of a reaction, and the type of product(s) of the reaction, existence of a

conplex can Rke.inferred, F urposes of thig ipyention, a. conplex is
general |y an gﬂﬁ‘%f‘%ﬁf@f’%ﬂw “’B ?"P!‘&fn’t’?lén‘{] ;!WP ’gﬁi)\‘slefl&‘ﬁ@_!‘bon
product eeheralty rdfe bt peeific doRftrition P Sink U ELINAARRR Aoid & BlafiecRl 2

pol ynucl eot i .or oligonucleotide is a coftiguous sequence o nor e
bases. by itstshegifie niseleicrasist ssquence.1 Altesgionrof the sequéericonf the satgld smmdedbout  any

f 3, 5 120, .25 ti | eotides. A i on, tion,
Seaquenc BOHRIERSTLE Suskysh HHle nehjSalfls s tetor Galedons o dePyprSgBHIERY ot
regi on, charge] Gfpol Prhofihile W the Edforfha®iBR of theAdindéirRRAEL pOIniledllel ST1Rd) acent

to a 5 DNA portion of a conposite prinmer directly abut$ that region. For
an i | | userfRimatiorpef the pplynusigetisleds genesallyt deteetatie Adatifiebleandfoeact i on ni xt ur e”

i . . whi gh, und itahle .. i.tions, tt
form a CoOBPUSRRICLRR RAREEkhowl it B sebiFicbea Wikl PR e CRERIN By "TAr.
"an" antheatured by geleltditophblesis, ¢HplIRES cREREIrESs, aRdlbEalsesptibiRy wsle pl ur al

formns. "ggnp{l sing" nmeans including. Conditions that "allow' an event to
occur ofm capoHEeIORt are "suitable" for an 20 event to occur, such as

h i di zati ompg; xﬁgﬁlﬁ@?’ €nsi e I S syl | e" ondi tions
a%llg)r condi ti ong/hté at do@%%&b%#ﬂ&gﬁ%@é@?&% %é%’ﬂgf’ﬁ%b’?ﬁ%ﬁ%‘? t hese
condi t i ofig cpldsation of entlaotide, sefjaenicts inat @ntralighddocaion. ARG cinvee 60akbigd event .
Such con is%ri ons knovt/n ig the art and ]g(iscri bed herein, depend upon, for
exanpl e SURSHAE, SYchvas aglassislide, o op @ semirsolid shsirate, such apaitiocelfloseand buf f er

condi | exbnbrdfu SPherfidlotide Bquihci o BEDNAIRRA, ¥ly llaiibiks lgRpred. such

as hybridi zati on, c‘l‘ eavage, st rand extension or cription. equence
"mut ation, " dbeierou }dgenerally wfars o a wgion/orgeyitiende a gblyenctotale drn a sequence

ofi4 nter | arison to reference sequence. A reference sequence can
pea wi ggtﬁ%dg%oﬁgggué%&nswmﬁ%&gﬂ@gr &M r(ﬂ‘?s‘gﬁﬂ REACt 5 compare a
. sequenc polyhuéledtedessitolighnedleptRiece nut ation includes single nucleotide
- changes, or alteratigns of nore than one nucleotide in a 30 sequence, due

& 29

~ to mechani sne NEUIM 2% geRsall iefaraie 2 wela erawesiion ime pelynueleotislern] e _
~ nucl eot bﬂg%lggoﬁwgpmﬁﬁ%z{r%ém ot Refni T POSASS il HE h PoRRulRSu G €' -

22 WD 01
- 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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- 8 MAR 2004 PCT/USO0/ 25104 . "Single stranded conformation pol ynor phism"
and "SSCP," as used herein, generally refer to the specific conforrtMAB004
of a single stranded nucleic acid as is affected by its specific nucleic
aci d seqygie teration of the sequence of the single stranded

pol ynucl eot | ?g?ﬁlsuch as single nucleotide substitution, dB¢EUSWRS1Y,
insertions, result in.5 change, or pol ynorphism of the conformation of the
singl e sl taashed 20 0hyreystRebiytRem BBSut TRNIHRLIRE ) jde is
gener al Ig dgé ect abl e, i_denti):‘jiﬁabl e and/ or gﬁ’t?’%’éﬁﬁi@‘gfeﬁ&i?‘@% ods
known i n° fhaboyt d> nygleptides. el ectrophoretic nobility as neasured by gel

el ect r ophor esi jool < ropheresi s, and/or suscepf.ibjlity to
endonucl ease |f]tggt?(|mo ﬁba&%ésshfﬁeggf?gﬁe%%, “ﬁﬂ?‘ﬁ%ﬁ cﬁre&gargltslg rect

i nt er chadectiohy Foeegimple @brttably foweaT srodGRyRIAY be%seavmii%e%gy lopn of

nucl eotide. seguences in a centralized |ocation’ Arrays can be on a solid
sub3t r at'& “gﬁ&ﬂa%‘gﬁ’é‘ teymy, indicafes gay resuction Gingladingsl produstshs Simaidaely, such as

ni trocel 44k anBPé’ ARG ' ences can. be. DNA, R or any
per nut at idgné?a%er eoféﬂ}&lhﬁ%&?er m Iygﬁéﬂeg%éﬁv@ggﬁef V0% g:&ge‘ftb' %1“?‘8’@!?\@%'- or
position in a polynucleotide or 15 oligonucleotide 3 (downstrean) from
anot her region or position in the sane polynucleotide or oligonucleotide.
The term"5 "' generally refers to a region or position in a polynucleotide
or ol | 00swmpBbrSts BRd Peacki RN j .nosition in the
sanme pol nugl eotide or Ch%??%%nuclse%s{e??éa{%p%gg?Jg}rhrgn?m%;’!’ portion,"

" 310 pNA latg nuclel aghlA portion,” and "3'-RNA region," refer to the

portion or regjio . .a. nucl eot i de or. .ol igonucl eqtide. | ocated towards
the 3' end o?ﬂt‘%‘gh"ggdf é‘%ﬁﬁ*éﬁfﬁr%fi?%bew Sad gucleig ggidgdrpryanyheopresot

i ncl ude intpaeifidd oraspurifiealfemi, vdgéisdante DRIACL PRgh ' P
nucl eot i tpluﬁolf ?he ]ssame .pol ynucl eot i dlgmgfédgm‘%%(gﬁeot |%§.m§é§§lmrr%st
nucl eot itg&%)mwﬁ’ BRNgy. & gﬁbﬂﬁdylal‘ P\ abBNA shioroplash DA aBORNAITENA-
prefera f : , aeven_nmore preferably fromabout 5 to
about 1?%}0}{}@%??’?3? lxﬁ'ﬁ%q{'%?%légge-gﬁ\lﬁcpd?w%sn?&smg& ABFH, * "5 - RNA

pokl i on biolagigal'hatefhlsuch egindurodrgamdifms, 6.0 bitterRO AR vidliset, 8GR, ?Holﬁs

pol ynucliﬁgé.ig%nor al i gopucl eotide located towards the 5 end of t é
pol ynuc88eh B85 2ymakohieans oinddeagmands thayeodr Otgiying end pwrifyingongteic he 5'
most  nuckcRRsé Sthfidar tedkRights iR Sh .aﬁhﬁﬂi i ' hpQide. of the
same pol ynucl eoti de or o i gonu@(ﬁr?aotl e.$%%@§f&n%§g§%§§fggffeag¥g}méﬂn be
prefera A syrthegis @s known in the art. Amplification of a DNA-RNA hybrid would require

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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23 - 8 MAR 2004 WO 01/20035 PCT/US00/ 25104 1 to about 20, nore pref e_rg%li(
fromabout 3 to about 18, even nore preferably fromabout 5 to about é 2004
nucl eot i‘gga /2(')'0 tection" includes any nmeans of detecting, includi ngradi rect
“and i ndiT el %2t ection. For exanple, "detectably fewer" BSTRRIREFRy be
observed directly or 5 indirectly, and the termindicates any reduction

(incl udi@kgn%gitebggl@pt s). Simlarly, "detectably nore" product neans any
€

i ncr ease, er observed directly or indirectly. Conponents and reaction
condi ti ons uskhy amplifinationembibidds of the limventive epluy a sifiglE eopipasite primérahat aci d

i B TR b A i
SSDNA) - aibsstident idivpladethéld of (iR \HmEF D ens{dR YrodiBt B?‘Bhﬂﬂﬁ’%bf% g%cﬁﬁ%n@@m’ chre

chi oroplast DNA and RNA, DNA-" RNA hybrids, or nixture genes,
-t Oes, PMpesiteyimergad hawtensiasr ofithe hewipoigier by threpalyinatass.u bhadaiition,

. : ! s . ; e de P
bl ants, Bavalor fis RNAGHibT or 3 5irker cleniiaR adul fadsio dstionak 1 T yi ng
nucl ei c angtifidationsgodicantiashdis nOEN RiLEHER foParhpificiibn bHTRE héﬂaﬁgﬁ% ‘rf:?nﬁf, aan RNA

target wll require initial cDNA synthesis, as know in t
Anpl i fi gﬁfqrﬁ’ﬁggﬂo&’- DNA- RNA hybrid woul d require denaturation. of the

hybrid t btaj : [ I . b 0. ..
t?/aﬁllsc‘ri gt ?otﬁ o?g oA CB&%%%E%:OQQ ér)léoéﬁ?ﬁg‘%gm ioré -Vegé{g%é'?m?%}mg ni nor
f riflct i ocomprise atdeaspbrexRINMastien ghac Iy capatsle bf @) gidemd (h?@ﬁﬁizﬁhg]g Rslacan be .
obt ai ned _from vayi ous bi o‘(qcl)ng cal rriat eri al g¥ procedures wel | known in the
art . ThESHUERES o e dasget gruclepicacishsemplaselindapendens of byldiz#isn afitee RNAG

i ' i . f t | ei
Sequencottfon(s rt'@l@Eé@%Cé%ﬁ?ggrg%u?leEkﬂée&d,%H?Wnl fng LlbaldRwfRR 981 nucl el e

acid is a double stranded ep I's target
denat ur atbopwcleasp ahee hebridizad torthe tagget MYA b&he hempaditedmriraéns birid tonhetargany

R, ¢ nautgie By plA i A oniRE BB Bulshe RNA Borpestabs sbmedSooNA,
Tdshni qekavédiiponhentayiiiile s rfbofbcleAPMeH AsRNRNA AN 1dRE WY obistiaf€ réhdins 24 - 8
VAR 20090tace, thus enabling anncaling of another composite prmer. | | |
» The composite primers also comprise a 3’ DNA portion that is capable of
hybridization to a sequence on the target nucleic acid (template) such that its hybridization
to the target sequence (template) is favored over that of the ﬁucleic 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. Ina
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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The anplification nmethods of the invention enploy a single conposite SpMARZQ,
that 1is conposed of RNA and DNA portions. The conposite design of the
prinmer is critical for subsequent displacenment of the priner extension
product Wy dibsssng of a new (additional) 5 conposite pri %Tlﬁé})'glzgllag
extension of the new priner by the polynerase. In addition; ~cléavage of
the RNA portion of the priner extension product |eads to generation of
anpl i fi cthpsetharomiuise atteastrorieponidn of RNAind at Raét@ne paRiod ofDNAOAsDY the
conposi t ggnlcl af gsglscr.i bed hel.ow. Conposite primers for use in the
net hods g%fag\p § dfboying the refativepariormaraeafdhe varpus prmarseed forl east one
RNA por tamplifidasibn bB EC@dAPE&n ffr(o?ge h&LoRBoli 5}:;*.’ 57 §fygnce on
the target nucleic acid (gerfcgl%te g:%ngceyggﬁggel%{ 0 gﬂﬁ%%‘??%ﬁlfzng%&?aoszqg?‘gt he DNA
por t i on(Rortiopard &3 posiont(lewhih gl RNACpeeiion #ciditicentnd thd) -DNANg cl eaved
wth a i ucl gase bridized ta the farget DNA. The cgnposite
pri'ﬂers |rﬁ§'gt §r ?ﬁgn?%l%‘Q%ﬁﬂlﬂnél“e B IPIGFYERL {\i%m%téﬁ@a‘ﬂ%lé@éni n whi ch
only t heorfdNtntp@irhémNthelcotdpBsitd priRér é@ﬁ%&é?ﬂkﬁ%y&ﬂgn GRAL3CHNA %{hﬂ? Chus
an Intact’, us

ri bonucl ease such as RNase H, while the target strand renains
enabl i ngPraferbly wWhereist the ¥ Agortiamis adjacent o thed’-DNAgoctiorpdsianethar i ner s al so

i - rti that is capablLe of ., idizatiqQn to a sequence

on e et B ohlBllid Bt CorfiRRRR S R 41 DIVE ooria vl A ediner o 1 e

target siatpresmiy RNApUreioe]i.d. San RNARAHi 61 Sitwbdipthe ¥vo DA Post RS 18GED Strand
poly

th is 20 displaced fromthe target nucleic acid by thé DNA pol ynerase.
suth prianether embodiment, £hq enpaposite pagicy o6 theipsesentt ioverisinl corpises £ HDWAs t hat

i nfluen ' i Loding. 884 pLEY, SUC seguen | e and/ or
dent | typ TRt 1664 Pl Bitne BNA Bl (38 IATRHGE R BN A o et
hybri di zeriiens).of the 3' DNA portion of the conposite priner to its )
conpl enent ar y.sequence | e target nucleic acid is favored over the

hybri di zat i onnlffelg?ﬂ'g oggn MPBBB’&S‘%‘@&H’@H%@ prinenemprisigp HrDNA@ogian| aced
strand tadtahRNApPBRior IR ' ' I bivaRl.e for
extension b Eol ﬁer? zat i onﬁfgﬁ\g}l’ lfroﬁﬁici)b%@lltfg@}ﬁ&hﬁﬁn«?ﬁ?ﬁ%ﬁﬂd@&?ﬁggcri bed in
PAP Pub.abrst3 n2% egerf mede preferatdy deosn alicued to Albouzil 6) andTinest peaderpblgi t e

rimer Li isnathon .of RNA and,DNA (see.definition above), with
Phes . SRRabaRS @ LAMNIRIIRABY, T R R S ot e PRmae | o
ext ensi aompfising3 3’ DN AJRriivs hedan RN ACHHBE, aﬁtm%ﬁxﬁmsﬁ 400k 1ARALRG: t hat

when pr esenk i£ a_pripmer, is_extendable, b¥ a gol ynmerase. Cenerally,
the 3' - &% % dct-dodimuelentides, with aoyppey iimisiof abqwt ane pE 19,18, 2025280 - 8 MAR 2004
VO 01/ 2QR3Rok§ek/ US00/ 25104 , - L

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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those that conprise at |east one portion of RNA and at |east one porti-dnMA¥ 2004
DNA. As shown in Exanple 5 (show ng the relative performance of the

various prinmers used for anplification of E. coli J gene) for one gene,
conposi WO Y2088 s can conprise a 5 -RNA portion and a 3PCIBBOORSIA4i on (i n
which t he RNA portion is adjacent to the 3'-DNA 5 portion); or 5 - and

amhodi nERPOUBRRAS A hoE hos S PsHEr IS -ENA Dot B 1 5 ORNANEOTHOB - DA

por t i onfurthef s(ilﬁ{,ﬁahy n¥RLST-RINA b&ﬁoﬁ{gﬁ LS ORNiASpGHbRCAIBe dt Reabibogt arf\A

portion. In another  enbodi nent € conposite I mer conpri ses 5" - "and
3' - DNA pf)l,tz,ané,wthhnuppdrélastofﬂbeutmytcﬁ'r&;énln@ﬂdkopdm| on (i.e., an RNA

Composi t o pr FREROURmEHS orp cofoblfihen omatingd TaCNA FOrUERa HorDl tQﬁd

at 51 easpoiof, infWIEEN el RIRAYD R ik @fjabént fo the®- Mﬁaﬁidd ﬂia 1&%&%
portlons) The I ength of an RNA portion in a conposite priner corrpr|S| ng a

3' - DNA éoRNPonortlen&arahe miferplly froomalont 3tie amtéﬂémbleytldqsmpmqﬁerablx o about

about PRl S 30 o el oy s BRIGRD A TS albfaEho” 11O

nucl eot masoudea ;ﬁeﬂmbgnﬁoﬁl abeit Stoatbodt FPARMEIHARS, R ARst p@ﬁimﬂy fofig a 3" - DNA
portion and _an RNA portion, an_RNA portion can be at |east about any of 1,

3, 4, 5abRENR&e ?%%15W?lﬁ°t§l¢sué‘b@?mm embodimentsfa camposite praner1s, 20, 25, 30

n Ieot opt & pr| mer
Cgﬁ‘pl’l s{:ﬂgﬁrzlas%g WQE%S%LQRQ @AWD {Nﬁ%ﬁﬂgea% }‘gﬁxg)%%éer ably from
about SadjacmbmmheZSDNm IpeniundﬂmS RN & poftioafcandlelay Ichstabowliaayof 3, 5,07, 8pout 20

nucl eot n erre ref a from about 7 to_ about 18 nucl eoti des,
pref er aW?u‘ﬂF?} 2'6‘8 ai’?u?ﬂi’é’l Adpr 4bs8, 2par tigesaf erably from

about 10 to @H@!En ﬁfbf%ﬁ%ﬁ%ﬁfgq{NA oftidifi aeéﬂ?xi’éiisﬁ@gﬁxﬁexoéonﬂ:r‘ ﬂ?’gshﬁ%

pri mer 25 corrpr|5|nga5- NAportlon and a tion
por t i on3 cBN/porions withiat leagione nanly/emhngﬁ poftjonSsan b pmfc;‘ablstﬁoinabowult h an

e

further tbﬁdfwlyﬂdmgalﬁtﬁmfﬁo aﬁa%smuebﬁd&ss JIn sémb efrbadinBN dFalcohpositan be 30
preferably fromabout, 1 to about 7 nucleotides, nore preferably from about

2 to abPHMeBCOmpRTiRg? T @ad 3-DAA persiony, withat leastoneriniarvaniag RNA pertionoan 5
nucl eot {igJenihd RREA hétidn %Qn V020842 0t aﬁ)ﬂf P,%),%/, $3088otides, with an upper

limit of about any of 5, 6, 7, 10 nucleotides. The length of an intervening RNA portion in a

20 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, énd 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,

27



enbodi nents of a conposite priner conprising a 5 -RNA portion and a-§'mj
portion further conprising non-5-RNA portion(s), a non-5'-RNA portion can
be at |east about any of 1, 2, 3, 5 wth an upper limt of about any of

5 6, 7, wbhipygkeotides. In enbodinents of a conposite prj rising a
5'-RNA portion and a 3 -DNA 5 portion, in which the 5%@%%@@?@3 IS

adj acent to the 3'-DNA portion, the length of the 5'-RNA portion can be

pr ef er afugthéreompaisingta 3-RNAxfuation, e SURNAOSArti6n cailBé &t 184st bBdurRhy of 3 rm
about 5 .}gt?@ou 20, nuc) eoti des,. even nore prefer abll;i?/ from about 7 to about
18  nucl edt { Bucleqfides.vith ag uppes limitefiabort any efldud 7118, A0 enelgetidess, and nost

preferably frpygy \e b3 LION AR ' | H8h 3 epbpdi ment s
of a conposite p??%ﬂsr i}(il)eosco]gnlf)l?ﬁ Si n%@%bwh%g?ﬁ%ﬁ aﬁggﬁéggg-Wporti on,
i n whi ctparten gid-aRNRINPAopartiomcarsbe @reffesabiyn fromcatione 136 abWA20 OmbleqRefetably 5 - RNA
portion can be at | east. about any o , [, 8 10 nucleotides, with an
!Jppger Ii?ﬁ‘ﬂl ag?uéﬂ&i‘gf“étrﬂf’ Byenllggreﬁ?ffe@ggy g@“‘cﬁ""ﬁﬁé F%Mé@.anm@sr ength of an
| Nt er v errerdBly ritaldbod tdatiduf IRRI I ReL! I Wi PSR of a cofBbhite® - DA
portions with at |east one intervening RNA portion can be preferably from
about 1 pPrimericomphsing 273’ AN Aquiriicteand anRNAmpoztien,ahé \3’ DA pobting cad beat about 6
nucl eot i nd_ o r.ef erabl .rom about 3 tg about 5 nucleotjides. In
some enﬁg%?ﬁ%oﬁ%tgn%?ég 338%3&?’%@”{5?‘%&# AHpPes gt of about iy 9F IONR, Aoy t i ons
with at 18e28t22anieldofitiey. veni ng RNA portion, an intervening RNA portion can
be at |east about any of 1, 2, 3, 5 nucleotides, with an upper limt of
abHlt any of e lengthof thy 33 JANAFortinesin aTlemposite ptimsf cempiisinga 52RNZg RNA

portion 4.n: n ite.pri LESEN 3" - rijon ,and at | east
b i nt Bich &8 2R ABRAL iyl btk BRI BB fhotc ) AT A APR8eg o1t °7
nucl eot imers prefemblypfirerh ebait! 3tofabon 18idleoBdés) evebRidte Freftalif Abhidut §nd nost
prefer al%l XB ﬁg} about. 3 to, about 5 nucleotjides. In sone enbodinents of a

f
conposi t@ ‘?‘frt uelsatidess andymgst prefesablyfaem jabautahte ahout Emeclentides.i itsemeeni ng

RNA por tehfyadi ' ' n [e .of 1, 2,
5 5 25 ki O FEEHNG prbr Bablakl § 3P BprddBl " BA Wiy

nubl eot itied” DNA pordompasbe & legst abvat amyooll, 355,10, 14 icidotdes) evithisaruppad  at

| east oRe . rvenin p i urther, conprising a 5 -RNA portion,

t he 5' -&%Rkg%?ﬁ}toflgwyc%%’pgeﬁg’?&ngénP?IS?ﬂdo?ﬁout 3 to about 25 nucl eoti des,
nore prefer abhﬁmbb@ﬂﬁ@@%ﬂa&nﬁ@sﬁ’ééﬂ‘i&he s SiSd-ﬁNAg #13n'2R4 § 3RO LT @bl y

fromabout. 7 to about 18 nucleotides, preferably fromabout 8 to about 17
nucl eot iPQEIOD, fixthencomprsing pert-3 -BBIA portion(shisoen-1BDNA pértion calsbaucl eot i des.

thn IS ggglp?éﬁ%g!;% %.gﬁ\:;tnlgtoﬁ%ﬁ%u%%g?&és?ﬂm%%ﬁ%a%gﬂ)ﬁ abotit %agc%ttsi on and
20 ~ nucleotides, and most preferably from about 3 to about 6 nucleotides. In some C
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 nucléotides’. 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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WD 01/ 20035 PCT/ US00/ 25104 further conprising a 5 -RNA portion, the 598-MARA00:
portion can be at |east about any of 3, 5, 7, 8, 10 nucleotides, with an
upper limt of about any of 15, 17, 18, 20 nucl eotides. The |l ength of the
3" -DNA p¥PO838n a composite primer conprising a 3' - DNAPGI0P@H04Nd an

RNA portion can be preferably fromabout 1 to about 20, nore preferably 5

fromab bqu - JINr.E: rahl y. from abo t 15,

and o couy ol 3, 7 ¥0 nEERAR iy BhaTnt of SRLERRLG 0,12 R TY

enbodi m2, 22 eficlaotidesposi te priner conprising a 3'-DNA portion and an RNA

portion, the ﬁiDNA %grtio can be at . |l east about any of /1, 3, 5, 7, 10
& lgngth

nucl eot i des, Bpen-31-DNA pertion s @ comnpste primer qomprising 51@nd 35, 22

nucl eot i . : . .- i i i itNer
Conpr 1 si oA potflors\fith 8084 of inheCertng R Blohidn bE pRAEAOIRE SLBfe 1
abdut 1 aboutttbucl@Bides;ahare prederably from abputeX ©rabbliny8 hucheotidbguand thdso about 18
nucl eoti des, ,even re preferaply .from about 5 o_.about 15 nucl eoti des,
and nostprﬁé@lbgf gﬁ?&%f‘ﬁ%"a‘ﬁ’&ﬂ‘t nglg)o 8u?n somé, grabediments ©f apFmeg ne

enmbodi MebihrRfneds’c ' i PR L& 1088 ifterveniid j a3 -DNA
portion, 1 t%legaSS' %%%ﬁﬁ%aﬂgﬁg%ﬁloggét about arfgbg@% gggng 7, 10
nucl eot 14, portiomhcambegspesst ablontarty aff1, 2p3,4 neclgotisles, Mith drPypeh limiBof abOut 22

nucl eoti des.. I di ts of a conposite prinmer conprising a 5 -RNA
portion %X&fg’%mnugg&q%&n, further conprising non-3'-DNA portion(s), a
norp 3' - DNA pOTid lefigth i tHess”-IN A Tpe i i o & @h@r&ﬁn&r&&nﬁb&bg 51Qnayel eoti des,

more preferably fromabout 2 to about 8 20 nucleotides, and nost preferably
f r om abdeRAPortonsvith atdeast enceiptarvrning R A pemsion eab bel prefarakly dfonaabentidei t e

primer J oSl : 9D - ' n ' rtipn.. further

orpr 1 o L0t 20 hidfeciichs, s p RIS Bt o3 ol nucftBrider BleiOree oo,

about amprefemblylfro, abdut StorubolelR metdebtides, tand aiost pRREsrably fiom bouvdIavtbany of

6, des. |n_enbodi nents of a conposite priner conprising a

8, 10,. 12 nucl eqti f C
5' - RNA goruclset #u 18 sqme prgkodisens pfia GAMRAsItGRTIRST corRPHSIDERRA 388 3{DVA | s
adj pcentpokforsRitBar 1IN oROterMRin ! L orti | Rasccan be
‘preferably from a%out lto aboutgtlglgA C é@’ttﬁégs%ﬁ%?%ﬁlgrh@?%?é *'@Qﬁfrom a
about 3 aboutamywf 118, 57 1€ oudlendiles,oviinamopeer pingt ef atoluyarfyr affd0ab2,uks, 385 o about
15 nucl t&fles (gt?%grmst preferably fromabout 7 to about 12 nucl eotides.
“In certdlh 8“%18 nts of the prinmer conprising a 5 -RNA portion and a
.3' - DNA porti orhe I8ngtio€h n_3@-3t-DN15'BoM (REY, hhPDNAS péieibA 6813} tHaf thd18°-BNaDNA
portion, the 3'- portion can be at | east” 28 - 8 MAR 2004
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, S, 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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WO 01/ 20035 PCT/ USQQ/ 25104 about any of 1, 3, 5, 7, 10 nucl eoti des, W |
an upper limt of about any of 10, 12, 15, 18, 20, 22 nucleoti des.” 00
| ength of a non-3'-DNA portion in a conposite priner conprising 5 - and 3'-

DNA por tyweyyiwessh at | east one intervening RNA portion c%ﬁﬁ?@r g{?gr ably
fromabout 1 to 5 about 10 nucl eotides, nore preferably {3 2to

about 8 nucl eotides, and nost preferably fromabout 3 to about 6

nucl eot i wielerstdau thatnthe bayths ifowetht SanbustpdRtibdiRian befgmtdr%t Reds, s apﬁi?%Nite
portions v(\*mé at least gne intervening RNA portion, a. non- portion

can be a® {Feaghign con 90%?°fltheﬁlet@d59fﬁu%lwmﬁ@es W|th an upper linmt of
about any of mitfdd O@!Pg? t.h ' - portion
in a conposi tlg@gﬁén%r Cgﬂn%}t?;{%§ goﬁx%gom%ﬂt&sgﬁ{erhgﬁ elPﬁes €ast one
i nt er vermngt nRileotide of tbn pnmar bhl qmnm‘ ambdalimerits afe SERDMI pdrtibA ofl A RYinpasite .
nucg eoti des gs;r)tz} erab 1}/ H1 g ut 3 to_about 18 nucl eoti des, even
nmore prpé?lg?rdgoly %518 aBgSHIusleode ghihe primesy I eder enakodiments ihs 8”-DINKA er abl v
from abgsdrtidn 6©a @&g‘sﬁsne %Myﬁ{cﬁ%km xh&tﬁﬁ&@otﬁ%%%e{%%? O dnomposi te
S W as

primer conprisin DNA 15 portion one Thtervening
RNA por tqr@bpdlmmts,she B)Nm‘b’op@ntlon ls:adjadmtaithe 5BRNA pationandincledes the B, 5, 7,

ot St RO AL B Bl o1 i il

ot her thhepiimer)3' -DNA portion) in a. conposite prinmer conprising a 3'-DNA
portion and at Ieast one intervening 20 RNA portion can be preferably from
abtlt 1 to apbisttondlength ofshe mpoﬁmrpelnmreambamefer{tblwﬁnoabdmmZommalaimout 8

nucl eot i cl eot.i de

Come: ontucld8ffled ke R aND Hofn LGS 0 Hhau? 3b RyeStes gl o presiratlina at

| east orfeom iabdw20a0abant REAuplebtidedn In 806 Bm%odnﬁ?éﬁtspﬂktléﬁgih eanbds: 18dst | east

about any of 1, ﬁ f&gﬁé nucl eotides, with an upper |imt of about any
fi0c1% Ruc

of 6, 870PBanyy lqatides.ovigh #n wpper fimitef agouipx qf 25t B0, 50 a
conposi RcROHAR! 1’ YW deRkdtd Bathe Q}lg‘gp%ntﬂf eﬁ&%r?%ss,f%%ﬁg Cq%gxgl%e lbugitg Fthg n| ng

RNA portion can be preferably from 0 abou
prex er abﬁ%&ﬂ@m@bomomftmeﬂjodabfﬂﬁsmue:it&mt| des, even nore preferably from

about 5 to cl.eotid and m) r ef er abl y from about 7 to about
12 nucl eoti de< cﬁ“evséwﬁ G P%’o@f A understqaddp thedbr i i ng a

gor 'It:):\lé n pl?giﬂ&gg n;ﬂﬁﬁrgcgd?ﬁg%cglu?ngﬁ%l gmﬁfe?fo%%&%ﬂgﬁ%d Qaﬁ{’]ér e) t {:Fm&o wth an
upper | iPRDReTfor 3561 the metherds epd camposiionsias ﬂl@presmmanﬂlmmdmdcrabty ifs 29
at least about 60%, more preferably at least about 75%, even more preferably at least about
20 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.

30



- 8 MAR 2004 WO 01/20035 PCT/ US00/ 25104 understood that the |engt h% @gr |§l,he
various portions can be greater or |ess, as appropriate wunder the-"r (,Zp on
conditions of the nethods of this invention. In sone enbodinments, the

5 -DNA PR OVM3Df a conposite primer includes the 5 - no@CTAISN25304 de of
the prinmer. In sone enbodi nents, the 5 -RNA portion of a conposite 5
primer i 1 he 5o .pucl eotide of the prinmer. In other enbodi nents,
the 3 _gﬁ&b’gg{ﬁt&%% ogmg%{)r%%elsji te prinmer includes the 3' nobst nucl eotide of

the prinmer. WAnseobindkoligambledtide thas carl freusdd 1DINA apfplification Mmetdiasané to the
5'-RNA portion_and includes the 3' nost nucl eotide of thengri mer (and the

5' - RNA BYentigmisiafermpigaton switeh oligonuclgoidedS Qe Inpne embodimenethe TSQ The
total | ; i i f t 10 t
bbout | SaRinDds 4 @AnEANHASIhEnAL e hpBR o ERE WO BT A% °

nuél eot tetminatiandequeate audproviates y propromotbsegued. t 0 about 25 nucl eotides. In
sonme enbodi ngnt s he | e h can be at |east about any of 10, 15, 20, 25
nucl eoti des n%ﬁvfwsg'ngﬁﬁ’agg‘} "?IPH]i‘{‘]ca&‘andS asedom templagpswiteh 50

nucl eot bHgsnucldotilis weRARLHEHRA%R HiBork i fntli as
appropri ag(gltl.gnd(al_r the 15 reac?i on oélon |%t§g%§agfa{?%(gﬁlﬁgoﬁ%§ﬁec}? "tl}kiﬁgén

i nvent i ehhybrislization of thersebondiprimer, on thewecand, hybsidizatioe btep lofithersame grimerer st ood

in the ak depends on. ot her factors such as, for _exanple, iqQnic strength
and t e e BHRO i Biebed B il e15 priset Sopiobn it dndes o

CQOPOS| irvefiSorPdre e o 1S GRtitaiod M EHiradd't8 pRIVESBIAE¥riBEd mBthod about
.60% nore preferably at | east about 75% even nore preferably at 1 east

about 28SOssthe sgraplats switsheligentsisotide chr he nsediad highoa®ucedratioafent arity to the

t t L] C. aC] . i ndi_vi DINA d_RNA L f th it
ort mor s AapftioRGecorpinblS dOiellodyBt agirsBlimrigRe THORRP RS T onet
about 7&fficieny hybridizationroffthe aligonusleotidomtthaagist sQAI, and ithximists thé Ry abl y at

| east ab %t@ 95% conpl enentarity to the target nucleic acid. As descri bed
her ei n, °big Bm CORls the sybstrate forprimnas exigaaan apd semplats switgh-i AR cat i on

rq3ct i opddi : : : 2 e sequence
o R P P ol PR S i i Al U B BcedSad?, STV
t r anscr.gxension praduct tathpd fefripta¢ switch sligomedeotideptolfyrm alsabdtiatefoe thelRNAI ng a
term nation 30 seque cq i s included, exanples of which are provided bel ow
30 - 8 RRRTSHGS as described. IR -

A TSO comprises a 3’ portion that can hybridize to the target 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

- 31



WO 01/ 20035 PCT/ US00/ 25104 Tenpl ate swi tch oligonucl eotide A second

ol i gonucl eotide that can be used in the anplification nmethods of thd MAR 2004
invention is a termnation switch oligonucleotide (TSO. In one enbodi nent,
the TSO wolhGlhss as a termnation sequence. |n another Fﬁ?@ﬁg‘{ &g{})t t he
TSO functions as a 5 term nati on sequence and provides a p Sreot %,
sequence. Previously described anplification nmethods based on tenpl ate

swi tch ptodgonuailé coingrisee sisort eguiérice tiedl cambini o a0 be@plehhiansttt t hi s

ol i gonucl eotide due to i nh't%igti on. of hybridization of the second priner,
or the sEEHAEHY ‘i?ﬁgﬂfﬂ% 1S9 rmediatcly adiacenttardhe jungtion hetieorghhiod i s
desi gned ididdd 4 Ry i @S . TH: . 0

i nventi olnlwa}%de&e%‘drdgg%g? }?Rﬁgizﬁfl%#@% gﬁ@gﬁlns%zoﬂ??%ﬁ%@?&ﬁ%‘%@?#descri bed
net hods tesipkae sWisdsing b éndreaspigathe probhbitity thht the pridee extefsio prodhe viagdl at

hi t.,r atj ) lificati di t h t hod f th
0L oGS R S, b bR rebESctet ot "ore
ol i gonuctgpbhdde id ﬁefei'ﬁ)lfr &loffibout 8 ?@Sbouta.ﬁ'@nﬁ@ééﬁﬂeg,%oﬁe}b‘?etg}atﬁlgﬁﬁp?rﬂgbzﬂ% tri

nol ecul ar conpl ex, the substrate for prinmer extension an ate " swtch.
An 15 adtaboshbi nugleotides;tand aost hieferitdp fioneatiomit 7 e aladut i1 Oinacieotidebr Ird§onad i on

o1 i gonucrRBeAERsDlenfs at Bt abusaty PE DY Re7 i pufeqrifAb matbian irgendisit: | bed.
A TSO coofibosesnyeof3f 0, P90, 25 nublebtided] 1thy idetitdd tHat R 9erdod S8l beitutér &

porhi on which is designed for strand sw tch during polynerization (see
Fi §r e 2l&sps aprreprgie ynder thorpattaw conditions of the efdthads of thiafrdestion. ch i s known.

inthe art, s . Vi QUS] V.. i in Patel et al., Proc. Nat'l
acad soi - U RaiEetBRmBhE b8 4bokiRRBE e IS0 (AP b sEuslts hgfeiaiter
t enpl at e“propraniotaratquencs’), that isliesipeali foi fobmatior 664 @6ubl@strdnded prREE ST
pol ynucl eofjide that i ﬁ%gpl mentary_ to_the 3' end of the priner extension

S
product $t PYYRGFEh 1mang of the SO would fpnetion heth sanierminatioe to t he
unhybr i dg tdvaix ral I ' 1.ia

o moneonse 48 RODIVR rohibfer bbby, 3 MO Ehb ATkt gorobBndlif,

colpl enesrauencesih dre TSQ gervas asa templdie fof §@osmyation of 4 proprhinadtel sgq@encand 3' to

the junct] bet n the ri di zed and non- hybri di zed tjons of the
roa | Wity EhER e BEy (/e piehorE ety o GsCiaie R0H i et hat i n

t he evenprithbedxtérdonRrodiRt. SHbRASIN® RybHdgkioh of a ’ | portion
of the .'?gr get nucl.g?jg acid tha’Ei i's %ybri di zed tlo%a%ﬁagh%%ﬁg%hﬁﬁbéﬁ&&

di spl acefraAencsthat pehyhrisizatletodhgpropromotesisequency stihe prineer3xtension pfodubie

Primer extbafSh?tmatidh of a double stranded promoter capable of effecting transcription by a

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

hybridize) to the target nucleic acid. More optimal transcription occurs when
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- 8 MAR 2004 WD 01/20035 PCT/ US00/ 25104 product woul d conprise a short
sequence that can bind to its conplenentary short sequence in t he s

of the TSO inmediately adjacent to the junction between the hybridized and
non- hybW@PY83%portions of the TSO This increases the ePETHISEHSI0bf
tenplate switching by increasing the probability that the pri mer extensi on

pr oduct %&Hr&txoﬁal%%& ofttﬁe glgﬁneﬁa@etﬁaoxﬁ (érbbtgr h%§ isfopam a%lgth?tkgg P 0_sag ngt h

of the short "conpl ene ary nces 1s era out 20

nucl eot isd@encarsrgeegterdhar fatrhya fromotea ket is ﬁot sb Ginked) Tthe bquenicé fRQAtireMsatsand
nost pr fer abI% from gbout 7 to a%c_‘)ut 10 nucl eotides. I n sone_ enbodi nents,
| engt h °é’tt‘ fapscrphign a’&rﬁ?“?ff‘ Iy kngwn gn the art35 preipeshy dessibedyforyagausupper

limt q’jNAtfa@Hénc@HVRNh ses%h%§1&% AL NGS5 766 8h§aﬁﬁ'§‘,§5ﬂﬁ?d that

the |l ength can be great er or SS, as appropriate ‘under reaction
coAdi ti ons oﬂnamieefmcdtweodymmthasegnmmfﬂwﬁ poeticroofithe T8 Odinchiding tiehe 5'

P oquencantie' Y pokin GIRbHAES: &Rt thahybdes e irlaB LNA Fettashedot o1 of
an RNA poth¢rienphe DA suck Mo dispPREm &t drias féi@bytﬂé ﬁ%l}tﬁ@&tsé t@ﬁé&s as a

termnation sequence and to provide a pronot
enbodi mPFimer pﬁ@mpe@prsehmrmally@mmméﬁaémtmm& e&ntableanethodlefmpl ate for

i ncor po L uence eneral | | ementary.to the
propr om% ellt:‘%s] g%cehﬁ%t% 0 tl't‘cgersr%fc t‘bthFﬁéry "68 ing 2. cytesing,
priduct anz&u@&&q b&ithinBy le-tl F%Ete%by@fe xﬁoc'ﬁﬁ@atﬁﬁf(%s&ibe& uﬁFlﬁhé%%h%ﬁi er
sequence that is h(}/bl’l di zable to &80 pronot er sequence of the primer
a

ext ensi 5P NHudcad. Sek HSAS1999, Pe7)as 1 58);:@hd docked pueleistaciisddescribedimstgy
bl
Gt clPkufhl EGlL Bocrf VP Cbhd 00 Bo8, £06RI41520) Spi BRI B 4 own 1

the art Prcas NatleApast. Soil §/Sef 2000 87(10)15638:8). cDthepkiitableethvdsnelude abiny, the
pronDter uence |s selected.to gEOVIde optimal transcriptional actlylty

of the P FopriatgREqusRtes wath-pk GiGicontpiitasalos crass-ligking. Agyeafithess, . e,
ajparti ﬁiélttﬂfds Wé%xﬁng%ﬁ%@&&mﬂﬂfcﬁt ﬁt'd'&_ lué%f A¥Rd &Cin% uﬁﬁ%' cular RNA

pol ynmerase, are also Known in the art exanp e sequences of ‘the
pr onot ePisplasementofdbe T§O|l@ﬁlh§§anﬁilleufﬁpenﬁbenﬁuW 1f ﬂnelpxolmetsse and SP6 are

known i uen ca rokar c or.

eukaryo?W %:t&%gg‘%ré%late ngﬂ’qu ?l fﬂ@%@oﬁﬁf"@%&@éﬁ?@r"é’éﬂq Oldlf acent to

a sequelse® mh&leastﬁaboﬂﬁBS"/ﬂ,f]ﬂ@feiaBlypdt%’dsdﬁb&ﬂ'50%“ BRAE BréferWl ri?teﬁsmbwﬁ' -
tion, by the RNA polynerase 30 used. In sonme enbodinents, the

t
52332‘5229 (%WO?@%%@&IW leaist ahout dPsesofibe evenss obprimen wemm i di ze) to the
t gpget SHEQtﬁitﬁll?%t dufriMRhfly ﬂﬁ’lﬁﬂlféﬁlTSFd ﬁﬁﬁﬁtﬁéﬁ&t an 3§ BE 2 empmcally indicated

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

33
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pol ynerase froma pronoter that is operatively linked to said seque
greater than froma pronoter that is not so |linked. The sequence

requi renewi@odgr optimal transcription are generally kn%a{ggw}zg@art as
previ ously described for various DNA dependent RNA pol yner S, ch as in

U S Pat. Nos. 5,766,849 and 5,654,142. 5 In a preferred enbodi nent, a
segnent lspstheutI5%pend most preferhisly B[Ragti abolin Q0% Mrotitdntendud bidiRy sipehéeon t hat
hybri di Z‘ﬁﬁ %qﬁk&r@eﬁ th@t hybridizes to the tenplate DNA is attached to
the tenp a%he U 9%t di spl acenment of the TSO by the pol ynerase that
effects prinmer extension is substantially, or at |east sufficiently,
inhibited, Suitable nmethods for achieving such attachment includes

t echni qu@@ckéﬁé@ﬁ‘.en% the art, such as using a cytosine 10 anal og that

cond ains a Gl tar cle nodification (described in Flanagan et al.,.
Pr 2%: Nat | . A@éﬁﬁ%@‘?’.ﬁtﬁ%@%&?ﬂ@a %‘?%%%Bt-%wnaaﬂ'asqq&%ds RvIdeddyci ds

(descri beldckee s@uence. ITHéWIBdkee keqience Bia clBtld 298,
8(16) 2210, 20 Hnd Vahl 6ot edt ar care IFa gl Bilde, SBilly Fiathelid )2, 2000,

97( 10) : wigleotide, {hat issinglsistrandag: and bomiprisea aisequenceghat inhyhridizabhe, opr i at e,

sequenc A J dior cross:zlinking. Any aqf these 15
net hodseffﬁ-gr 0 tﬁlﬁl%%eenﬂéggég%?&ggﬁ%éﬁ g md@“t%"@ge%ﬂe ng?g}e_go_ﬁxtmn
conbi natindhe target squjuencerthattis obmblemehB) icsthe Bbea@BE ihd/phivhed bxiShdibh oapéﬂ yo
infjibited if.the oI,,sln?é%@e swi tches tenplate fromthe target hucleic acid
sttand toTRRatom T -d ogksTicoBIpriSes Rysieotiiexthahbiad to thedargetmetei@adiq

pr ef er ablith ad afiaast < st about  75% and
nost pref er abl ylﬁg?’ grgfa%ga?ﬁ}é%ggh gggl)?y’(%il aﬁﬁ%?@\?}ebr%@ke%%%gﬁcﬁé?mg%ensi on. 20
Subst antdisnlacpment kuPNiAcpalpitrease inhihicbarie GEEHtics PkERAIHE i peiialily gorbe -
enpiric inpicated if.t anpl L.fication methods |ead to a satisfactory
resul t i n&i/%groggé&o%’ @%ﬂ?feﬁéﬁi’ H’rér)?%lg’é‘f‘ta AUt 3978 EYER morgprefesphly maseithan agi ven
set of cbodi 750QRad nidepreferasly & thah3Boli & ¥n ate as
copareq to a TSO not_fs)rc? ITDdIblfi ed.t TheoP%%?h%rﬁ?#gg%Bg&%%ﬁ%at

hybY i di 268th and ¢ampositiparof the bleicker polyhusteotideishicsild Bsuh eliat eadrssivé raadbmbout

15to 5 i . ab from,about .20 to 4 ucl eoti des, and
st *pr SRRt bifiRsizdishts BLAET el i SRURREEof B iR of Meckiwbe <. ¢ he
| engt hiigveation.eBh¢ leapthuif thaplookeripobyHuclebGdd RPrefbiib mt?ag_omg’lrstoda%giltt ﬁﬁg 'tﬁsts

I's understoo a

I)y]ﬁo
t han aboutl a@ of the fgq%l I %WP{;%@ 35, 40, 45, 50, 55. |
the | endRleQUIFsyROR RigkerAbly, fro ut 5 ia;aboyib 29 prrlgetidesryen mdre preferebiyon
condi t i grsin Mout BRo HBI 20 HulleotifiisSar 4 0 gnentard ty of the
TSO portion that hybridi zgs e?o tshgﬁc{?grggéitr&%ﬂag elﬁgt%fgg%@ﬁp%uﬁ;
2 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 effecté primer extension is substantially, or at least

30 Sufﬁciently, inhibited. Suitable means for achieving such attachment and determining
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preferably at |east about 25% nore preferably at |east about 50% %\;@@
nore preferably at 33 - 8 MAR 2004 WD 01/ 20035 PCT/ US00/ 25104 | east” 04
75% and_nost preferably at |east about 90% to its intended binding
sequencé’VOBHz‘l“ﬁ% target nucleic acid. Blocker sequence 5 PICH/UEGHR5104

enbodi nents, the prinmer extension term nation. sequence is provided by a

bl ocker : . j | ynucl ept,i I 1y, .a

synt het i s?ﬁ&%&(ﬁ){ y’er?J g F@g?%gﬁﬁlﬁﬁua@eﬁ{s&%?%ahéng?g g’ﬁ g%sﬁ ng?]cgabgg%a‘?ﬁpi%@ uﬁé/dslg guence
t hat i s thymetloidg abthe preseneiheentiony conpl enentary, to a segnent of target

nucl eic acid,se ueﬁ_@e 5 of tpe E%si ii on in the target sequence that is
conpl enent ar yR{Fe £podiment, the,blocker pelynvgleotide eanapbiingtionefficiently as a

(" term Mm@ Foshicteid aci ; SR ' ¢ Dj to the
target nucl ei %lsg%c?c}é a%_-dr{é ﬁtegﬁggbﬁr"m 1y, {dﬁﬁg@%%‘g&a& g%%ﬁh%ir€4%@€q’ Oguch

t hat t hénibedeTechknjgeasdor blocking the pime fanetivardf thyblotker polynieleatids i n t he
course qof i mer,extension, .in preferably nor han ahout 30%_ nore '
prefer aﬂpvgéﬁﬁné’ tpﬂeme%ﬁgd’gﬁ%)f) ’é%??‘ﬁﬁ? é’ the é? %‘P‘iﬁ‘bﬁa@c rpmer PRaPNAphout 75%
and nostpopynfdraded Muth f@h8iqubasy i B e, £ The 15
| engt h gr?gf.ccfnposi tion o}q thecgélagg&él?glp?o y%ﬂdégf’ifﬁe%%%’g%%@{t}éﬁrt hat
excessi veodifigptiomof itm3’ dyydedxyl grauphber idearporation ofa anodifitelchuctedéde, tsheh as a

condi ti g e net.hods,of the present .. inventjion. Th engt h of the

bl ocker (HS(?J O%Iﬂc':?eeogglg’dgqlg%?’ ﬁ?’gfté?"ég’l"? Q?E*bﬁh‘a@%f’o npcjegf ats‘gno‘rﬁﬁE‘F‘%%t i des,
nolGe pr efenchokivg fadditionbeHbiclbotides BYADNADIMALAL | des, even nore preferably
from about 8 to about 20 nucleotides, and nost preferably fromabout 10 to
about 15 20 nucleotides. In other enbodi nents, the bl ocker pol ynucl eotide

[ Wik A0 ] i g 3 3, 5; t han
about any oW — 26, 335 RS SSEPE the

| engt h gaimepextgnsian prodoct | ess as appropriate under the reaction conditions
- of the net ho%s of thi inventh{)n. he conpl enentarity of the bl ocker

pol ynucl eot i &ML FIUH PRRPLAY 3 RRABRUClgOyde compEising p PropremeteaBhda at- | east
.abgut 50880 WaRh3FbRRIEs 1Y LABHIRRI Vprither i R ferably
“at | east gabout 9(%% toits ilnéenc(l%el% %iﬁ%ﬁﬂ?g%ugﬁgl?sgg&td%e tgpég%?’ nucl ei c
~acid. | thepmyruelnstidenisa TSOvehibh oaritains 8 prppeometer soquenceeas disasgedeatiove.hat

hybri di target DNA is attached to the tar DNA such, t hat

di spl ac é@%‘%p%'f]wcﬁgmﬁ{sb@ﬁgfomg'gaﬁé FEAERSP 15 Kantaled s gg‘b?ﬁﬁ?“@ ¢bets primer
..extensi deloms substantially, or at |least 30 sufficiently, inhibited.

Sui t abl e neans for achieving such attachnent and determ ni ng ‘

20 Proprqmoter templdte éligonﬁcleotide
" In some embodiments, the methods employ a promoter sequence for trénscriptioﬁ
which is provided by a i)ropromoter template oligonucleotide (PTO). -
A PTO for use in the methods and compositions of the present invention is a Single-
stra-nded polynucleotide, generally DNA, comprising a propromoter sequencé that is |
25 desighed‘ for formation of a ds promoter of an RNA polymerase, and a portion capablé of
hybridizing to the 3’ end of the primer extensioﬁ product. In a preferred embodiment, the
propromoter sequence is located in the 5° portion of the oligonucieotide ahd the hybridizing
sequence is located in the 3’ portion of the oligonucleotide. In one embodiment, and most
typically, the promoter and hybridizing sequences are differenf sequences. In aﬁother
30 embodiment, the promoter and hybridizing sequences overlap in sequence identity. Ih yet
another embodiment, the promoter and hybridizing sequences are the same sequencé, and

thus are in the same location on the PTO. In the embodiments wherein hybridization of the
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34 - 8 MAR 2004 WO 01/20035 PCT/ USOQ 25104 substantial, or sufficient,
inhibition of displacement are as described above for TSO used in +th#MAR 2004
nmet hods of the present invention. In one enbodinment, the bl ocker

pol ynuclwotdidessannot function efficiently as a prinmer fqug,&bg Slog acid
extension (i.e., extension fromthe bl ocker sequence is reduced, or 5
inhibited). Techniques for blocking the primer function of the bl ocker .
pol ynuc| BbQ tetheiprimer gstension preducpresuléenin aaiiq}lekicomﬁd_kirlgtml mthalilg gthe 6° éx’ﬁf ] 3
end of t: i .Rol rase., Sych techni ques e known in e
art, i nc: uﬁ?ggﬁﬁ%%éi ytgraﬁﬁﬁgﬁ?et(ﬁfﬁlﬂﬁ#@f‘meﬁ%?g%ﬂéﬂ CBFYEOW@Y 3

hydr oxy| copipising a0F oripARQTIIS propRinéter fqiBHdeS, Dada Hﬁ)nfé? edfils RUEd oRthAg
d%/deoxznuclpe’ot igde, ipr?ﬁt he 3' - nost posiqti onj of t?e bl o.%:gke_r pO[W’]U@?GOFI de
that is RéTeatehdonbie standed promeoter ¢apgble ofieffecting eansnription thycesiitaie RNDNA

ol m&*r?&y nucl eotide conprising a propronoter and a region which
I[rjlyb?'/i di zes 1%1§))r%a€>'/di spl aced priner extension product Sonme enbodi nents enpl oy

a pol ynucl eotPrdmotss sgueica3ghat aloAPiAFBIIRIondTd témpfated BIACA-WabGH il #Rakdi zes
to a dis Iehcedb riper ex\tﬁgfr)lsi og@gﬂr{gﬁugtth. I n sonme enbodi nent s, the’dﬁ ;

2 scpssed ARP ¥R Msthe promotersagnence sesplestrgeto paevids scusse
282529(:'3@&&% eélﬁ h HERs: HE IR Wl ISSQUENGE 4 Rt ained in a
PTO, as escr?ﬁ%sg Bgée}fytl)w. ﬂé@”ﬁ opP o%?‘%n%ﬁp%agﬂ’sgegh%tgﬁﬁ’aéu? sone
enbodi meelestion, he., ephticdar prophatyr seqpexmqilaﬁrcumlggfmed lbp ﬁtgagtm% %mi 2\ n o160

jch i i ded a praopronoter, tenplate oligonucl eotide .
m&ussﬁ%‘\#@s%ﬁ%@ﬁ‘ﬁ’dgégﬁ%s %PT sreanls: thefeapmeseaf the pyemetesdor s a
si ngl e- tﬁ@&@ﬂﬁi@ﬂbgq*mm &eh @Gt RIENSH e}‘as% SEETR! ki WiinInOLAPIRID! ©f
S :

sequence that i 5 designed for for Ion of a ds pronoter o
pol ymer &5emoigneqaernsroan ba frompaiprakagfoticloy bukatyaticrsgutee. t he 3' end of the

i t i t . a ferred enbodi nent, the r opr onot er
Cequence i o nheaEaTHTicals R PhG cBoBfes Ao cMFRR e RUDCP BENERAAL he
hybri di Zirogomeesvajuesicd shdl sdties chpabld 6 h3brididingitd s’ dfatofhd ?@ﬂ&?' eoti de.

I'n one enbodi nent, and npst typically, the promoter and hybrldizing
selfuenc &Xtegsign arqdugt: enitabledength of the)intemyeningseq@bee parobk empiricallhe pr onot er

and i SEUERSPLBALAPL 45ER TGS, | Skl Buly 210117
and t hsequenee identityef twnmtaroming ssquertetcas alsd 6 elnpiridally leheatinvaNirs pber ei n
hybri di Zs%&&e%@e i%fdegigged to preferably, but not necessarily, enhance degree of amplification as
compared to omission of the sequence. In one embodiment, the intervening sequence is a
20 sequence that is designed to provide for enhanced, or more optimal, transcription by the
RNA polymerase used. Generally, the sequence is not related (i.e., it does not substantially
hybridize) to the target nucleic acid. More optimal transcription occurs when
transcriptional activity of the polymerase from a promoter that is operatively linked to said
sequence is greater than from a promoter that is not so linked. The sequence requirements
25 for optimal transcription are generally known in the art as previously described for various
DNA dependent RNA polymerases, such as in U.S. Pat. Nos. 5766849 and 5654142, and
can also be empirically determined.
In another embodiment, the PTO comprises a sequence that is 5° to the propromoter
sequence, i.e., the PTO comprises additional nucleotides (which may or may not be

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

but not necessarily, the sequence is not hybridizable to the primer extension product.
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35 - 8 MAR 2004 WD 01/ 20035 PCT/ US00/ 25104 PTO to the prinmer extension
product results in a duplex conprising an overhang (the 5 end of t8hiARADED
that does not hybridize to the displaced prinmer extension product,

‘typi cal WOOE¥MBY i sing all or part of the propronoter seqBEHEE))/25DMA
polynerase fills in the overhang to create a double stranded pronoter

capabl e of ef Lheg t.ran i Hion b uitabl.e 5 pol rase. Pronoter
sequences th%{‘%gé FB\%O{IW@@% ﬁ%ﬁ“‘b tlﬁ“‘%’é’ﬁﬁ?ﬁ‘f‘%"%%ﬁr@‘?w c‘i‘ﬁ?‘ﬁ@ art
and havexteasion dTechiigRe fadtslycking R iRindd? fitnctio DFREOPPO cIERINGAEE | S
selected to provide optimal transcriptional activity of the particular RNA

pol yner REYepadditian ok miclegtiflestoshe By endaifdle PTO byia BNA polymerases Sugh pr onot er

sequenc ' |y f. . icul ar 0 paol ase, g also
cmonn | (CoHRlgeE e Rnokni R itfudin@ 3ot bt Do RGP of e

t r dnscr Bphydroxplyerdup,Binddepreaitandt Fiodifiel ek asd, sith SRAUiddoRyKiRRMIdE,N t he
art. The _pronoter sequence can be from a prokaryotic or eukaryotic source.

In sonesSdimest pesition ef the T Hthat isgwt canablernf@nchoringpddisign efpecientidasen a

r opro r W?ﬁ i s o the 3 end of
Ito heppr :TBrr%r% Dl?% ex eﬁrg?{‘;;it %r%%iﬁsg%ﬁ%kghgéné%ﬁaéﬁ ’%ir?ggr Irjlrtaeérnﬁl/@ni ng
sequenceolemwldwhiehys a neaibey ofie seificisifding pdircsuich e bitinl east about 1, 2, 4,
6, 8, 10, 12,15 nucl eotides. Sujt e eguence identity of the
i nterveni ng 3@&%}@éo(ﬁ&ﬁpaﬂwogéﬂeeﬁﬁbﬂbﬁwgyd@a@rwﬂ@al,age&rmmxe sequence
i sjpdesi gRxemsib® pRIdREES pRlf¥rab oﬂﬁﬁoﬁ%?ﬁ@ﬁt‘hﬂo\’nucma&c thofEefifats

anplification as conpared to om ssion t he sequencé. In one o ment ,
t he i nt abadd0rtg abewtdrmeleptides, @@ngnopegmeferabhafroinsabdasi Sgoatoutd5pr ovi de f or

enhance . ore timal scription t .RNA pol yner ase used.

Gener al ﬂ%l%tﬁ%&@&ﬁﬁﬂs&grﬁ%rah@fﬁ% Iah&g&%(tf’gﬁ.n,ugﬁf’n eg‘e © %’Hﬁ%dt"é‘ﬁ‘?tﬁ’al ly
hybri di g)hybeidiivgs patiogls 41Uedseatounylof the Fsllovahy RIS, 16,aB8520; laRE LROHAGCUT S
when transcriptional activity of the polynerase froma pronoter that is
oper at i 994§ apy ke fPBO‘é’Higdm,ééqﬁQarﬁQe The cgmplanaentarify of thediybeidigingrportéon t hat

I Sysnot ¢ i f timal transcription
' genBrarleiha A8 SBGH 289 tndE BUALERS N oSt oBt SO AP ot PREGO Lo
dependeat lealabout| A5t rand @sost prefdralilg ai leadd.aboutFH%%, tHIS intbrided Blipnd 5654142,
and can al so be eg%ri ri ca{ I,%/ determ ned. I n another enbodi nent, the PTO
conpri sS¥UEDELN D dareetppclaicatd. o the propronpter sequence, i.e., the PTO
conpri ses additional nucleotides (which nay or may not be 30 ‘
transcri Fl)\}i onal regulatory sequences) |located 5 to the propronoter

seque nc PNAcpolymerasg, ribonuclease and RNA polymerase .

s

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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but not necessarily, the sequence is not hybridizable to the priner

ext ensi on product. 36 - 8 MAR 2004 WD 01/20035 PCT/ US00/25104. In oreMAR 2004
enbodi ment, the PTO cannot function efficiently as a priner for nucleic
acid exwﬁlﬁizﬁ&ts Techni ques for bl ocking the prinmer function of the PTO

i ncl ude any & prevent addition of nucleotides to the PETEY2814¢ he PTO
by a DNA pol ynerase. Such techniques are known in the art, including, for

exanpl e, nueléisadidl iramd) B}éfembﬁi,'fﬂieCENiA%bl%e{aQ«ﬁdées%t gé/sgéé%\ibst&ft&‘l' Rickg .
incorporation of a nodified nucleotide; such as a di deoxynucleotide,” in
the 3'- rAsEVithoBraferablyothe pplynerse hhglittiermots’ &8 abdrmictshseantivity isogs toddi t i on

of nucl I 12 nerase,. It is als pssi ble to.bl ock the 3
end usi ﬁgﬁ%‘gﬁgﬁe"’g‘?ﬁdﬁgﬁﬁ% CHpiraten ar W@he’ﬁgﬁﬁmr@ {eSFH%f“ specific
bi ndi ng Geaierallys ttifetmubleasel aativilhi degé}ﬂieht & fakcfs fiRhtak PP, Sdie &&ﬁeﬁi@aﬁb at _
hybri di zes to the displaced priner 10 extension product is preferably from ~—

about 5 Westhasdhe tegplaie iy doyblegtrandadmrsingle steanded,\and so fortha allof wiich reabout 40

nucl eot i . r a abput 15 to t ,nucl eot i des,
and rmstfglgl?lé g?lgﬁ? %Pgdo%tg%%ﬁt%r{to pﬁﬁ'g}eé%s[e§@egﬁf3:ﬁﬁl}e ég?% enbodi nent s,
t he hybrexdnudlesye petivitydmsibserpdeldtedisire Rixov iRy afifand B ughblebige 3, 5, 10,
15, 20; anpj. ess than boyt any of the follow ng: 30, 40, 50, 60. The
conmpl enéift }CPS}O%W"%WQS aﬁﬁp?ﬂ bareig. Suitable PN pplymerases forpisg irathe Ineetbadsabout
25% nor, ; ; . : at | east
about 75 R8N ofhe biRa3H iiaplibn HSfiucRIRR ARl ReF VY B Nosted by ni ng
sefuenc $64821 hand %it4ga12, whitteinclude exo™ RNA(PON Fagland Biolabd)penec Deas Weand RNA

| h L f icat. th the inyent| | oys th
Fol ow heaiselie: BERABSEIoi ool Py Blisganbcalismver) mabaceg and,
opt | OnalgradeaTdd hrsiaee g ithdiostBRIDIRRfine kS (R HRK IS fESabALietiSC 1N the

nmet hods and conpositions of the present i1'nvention are capable of effecting

ext ensi dherarohydroselfirsysi Itds prefarsd thas ¢he BNAgpelymetase displaoesprohert dxtensdi

resent j i On. [ hal referre I rase i e that is
(F:) apabl e ﬂé@"%ﬁ%ﬁﬁi‘%ﬁ@%ﬂ%&&‘% 3@93“ B{H%?%Pg%‘ﬁgé%%ﬁefeg%@g&&t Leats'errpl ate
t het i s aboutfiliYs.avenmdrepeferitle dolsha abouty7 598 fand ARy prefdrly R ast abbS
pol ymarq)ég: shaqul d i\%g‘iiabl e to displace a nucleic acid strand from the
pol ynuc P48t iof the igcigencepf comtactibspyesndhe pelymernse andithgi?d end afithegeinearal | y, t he

Conpar e of pRRE THBine cARB et iy (5 0P NERREATHe DIV B Bpdragef with
di spl acetramd disploedsnérit agtjvityss preféresdatSueh pBlyafepaseb hie, knbhve i art, such as
described in U.S. Pat. No. 5744312 (and references cited therein). Preferably, the DNA
20 'polynieras‘e has little to no proofreading activity. '

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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pol ymerase has high affinity for binding at the 3" -end of an

ol i gonucl eoti de hybridized to a 37 - 8 MAR 2004 WO 01/ 20035 PCT/ USQQ.25104
nucleic acid strand. Preferably, the DNA pol ynerase does not posse 04
“subst antWQI018¥8%ki ng activity. Preferably, the pol ymer as®CHS0023104 e or no
5'->3" exonucl ease activity so as to mnimze degradation of priner,

t er m nat+ rj nsi o ol yvhugl eat i, des. Gener ,, thi

exonucl e%s;g ogfé’trlavdls{% gﬁ“@’é% gxgree% ;ﬁgneﬁi}f &t“‘telgﬁé CIZC 5 ﬁ%lgéi d[ep endent
concent rpalymerase) white i preférablytcapabl @b firarsc BB fRons h B RAraRle SDRA €
stranded, and so forth, all of which are famliar to one skilled in the

art. MitiSRPlase lgng phibe pramgoterregiandp dewhle stranded.  exonucl ease activity has

been del et ed, ' r itable.for {h a ification
met hods descrlhg%eglehdg’ﬂ}é?ﬁw uélgl(:ag fgc%%%i %’o §?§L§£}%‘§C§§n?8§mﬁésé§?% Oﬁiée met hods
and conpwesent inmentivin shbeldmoeprxiicd subsaitidldeprahtisicof thoaecldicaeidosed in U S
Pat. Nos. 10 5648€11 ana1 3744 12, which include exo Vent (New Engl and

Bi ol abs)comRPRentpREdAGtho %P@\F@@S&m&a ol abs), Bst (BioRad), exo" Pfu
(Stratagene), Bca (Panvera), sequencing grade Taq (Pronega), and

t her nost abl e DNA pol ynerases from t her noanaer obact er thernohydrosul furi cus.
1t is pridactioredonditions dral do¥ectipn| yer ase di spl aces priner extension
products frorRthe tet\rrgel ate nu&ileeig acj.d in at |east atgout 25% nore
preferably at ‘FRAGR{A Eagiion negiggnd g t‘?ﬁ?rf@fﬁ?‘@f‘_%aﬁl e methadg ef thepout 75%
ang mos tpréxef BN aton A tho§@fiht FRRMnuc %Vaciﬁ&xﬂ Dficdtdnl AESHameb LRG|
bet ween t he pol yneraseand the 5' end of the gl’l mer extené on product. In
sone ent9dihamretent invartians Sush mddér andstoabitionDhte kyotwrte pessess of skill insthe and

di spl ac ti Vi L referred.. Such pol S r wn, -jin the art,
such as%pfg%g%%%gg#r%d Hfg&olyﬁtpp ‘f\?&‘w%%&&i%‘ﬁ? ‘)(‘Eﬁggtr @?”eg’gﬁ%’ggf aaq %{']Jilt her ei n) .
Pr ef er alfup, NohWOI9AM08 pBby eiaridie; albasfet idayIbe Trid bu@feRaBAbhAAGthEbufetd Vi ty.
The ri bonuc sg%ge for use in the nmethods and conpositions of the present

i nventi &A1 bisdorg agthe byftereomnesanis kendndebibitersate RANDNA hybr i d.
ety Rgh i of P MBS Reda R, The PR b M EphadeRl o™

identity and type of nucleotides acen rrbonu
..cl eaved.11) moresprpfeedtdy fremh dtivat 6 tdwbont blyeweh arsepefaable Sroababsud epeaBant of

sequence identity. | es, of i tgbl e ribonucl eases for the nmethods and
~  conposi ?r 8‘?1@,“8? %ﬁ%%?ygg%‘ﬂtab%’viﬁfq Wwube- \Agﬂfe%ﬁlewmdﬁﬂtlﬁ@ alee inciydel udi ng
_ ri bonuclpasét etd R¥RSAcK s Mo MA* danemie RbnNRaks] é(mi@i%ﬁs 3f is %ﬁﬂaiﬁ n the
met hods and con&p05| tions of ~ the present 1 nvention are known 1n the art.
Ei t her &gaangoel omrmabputdl@k tpabout Hbindfrand swwst preferably from about 1 to 5 mM.

20 The reaction medium can also include other salts, such as KCl, that contribute to the total

ionic strength of the medium. For example, the range of a salt such as KCl is preferably
from about 0 to about 100 mM, more preferably from about 0 to about 75 mM, and most
preferably from about 0 to about 50 mM. The reaction medium can further include
additives that could affect performance of the amplification reac.tions, but that are not

25 integral to the activity of the enzyme components of the methods. Such additives include
proteins such as BSA, and non-ionic detergents such as NP4C 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 actiyity 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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30 may be used. Exanples include T7, T3 and SP6 RNA pol ynerases. Generally,
t he RNA pol ynerase selected is capable of transcribing fromthe profndiRi2004
sequence provided by the 38 WO 01/20035 - 8 MAR 2004 PCT/ US00/ 25104 TSO or

PTO as de®wi2bed herein. Cenerally, the RNA pol ynmerase i 'l%%' endent
pol ymerase, which is preferably capable of transcribing ?r%m a"%?% e

stranded DNA tenplate so long as the pronoter region is double stranded.
| n gener&imbersomecthennasyclingprocess! (Tihe dmplificitionresdiiotids euptled owgi t i ons of

huct er o Gipgtu ERHRE PRdzRCR et Reabesmeteasapaprines SOtader on
condi t i ogeguées, adﬂt@mrbfﬂm%@%dt %Fenfi@ﬁ&)ttia?ibngﬂ;gﬁo@ﬂﬂcl‘é%'s&ddﬁé for

carrying out the methods of the 10 present Inv n-are e that permt
nucl ei c 4RSS Boksvbptantallytinbibitseeantivityefitle ¢rizpmes einpliyed.oThe fempptatsre Rin

i nventi . j ndi, t.i t f LIl th
ot B inHEBaBE O R0 80t s T e BB o plefirady abeit e o o |
5, 679, 5liboants’€Cdnd ot préferablDaut 38%SBto it RREMPInSonR emﬁcotiﬁﬁ%de@g]& e Tris

buffer, .although other buffers can also be used as long as t fer
conponerif€luds BNAuensarptian, ghetemperatury fer the trausepiptiemstepsas love thet theds of t he

i nventi ¢ r [ fr about. 5.t0 ahpu 11, nor.e preferably
from abggﬁnp%—at&%&?bfgapﬁfg%&g\ﬂfgn%%F fe)nn%lF%efeé? Weqt?’gﬁ‘? éﬁ’@ﬁfa.“’fetoé out 9,
and nosttramseripioalsieps tarbe mbtheltange of peefalablytab8ut25°The b RABE@mrdi um can

al so incl ude.  bival hrre al igns such as My2+ or M2+, at a final.
colfcent rIEieRbLAboRt g@ 1 183808ty C; andympstinseferahly hontd7 6ftofabowh 90Gut 0. 01 to

about 10 MM 18idediias bndbLhRIERIAL dnbiog AR, deokdriBordtMeodle HifhoLAREL! On

medi um can al so include other salts, ~sucl To the
total ithaticen be emplyyd &ir syhthesie df theiprinoer eteasiph rodubie ini eHegRethbdsofimd t such

as KC i.s eDr.ef er abl ﬂ%}; rngtgl about 0. to about_ 100 nore preferably from
about 0 FEHER At BrRVIfRA nthe amount of from preferrblyrabgns %{’d@@hom 2590admos0 vt
The 1 eagiembRRHUM RAB abEL 00 INIC o BAGLLhY S ohHo GO e
perfor rragri;ce of the anpl iaw‘(&:at I oﬁlh?é%‘té??%%g,%%%bﬁ'h@?m}ﬁ@ tﬂ&ﬁo'%éa]{phtugér al to
t HS act ianid myosopreferably aEptm800 eorpissR 1560 M. t IRGoRIAMIIimHE A by &S
i ncl ude p{ﬁot ins such as BSA, and non-ionic_detergents such as NP40 or
Tri t on. DRESGEGR ahalag lpsg presenep, inttheiprimerextensionl strand enhainpesadisplagpnenzyfve
act i Vi t kgSstERA (B & i <a§é" . t are known j.n . Were
e o B e L AP Bl 1.
base pairing) is included. Such nucleotide or nucleotide analogs include deoxyinosine and
othier modified bases, all of which are known in the art.” Nucleotides and/or analogs, such
20 as ribonucleoside triphosphates, that can be employed for synthesis of the RNA transcripts
in the methods of the invention are provided in the amount of from preferably about 0.25 to
about 6 mM, more preferably about 0.5 to about 5 mM, even more Ijreferably about 0.75 to
about 4 mM, and most preferably about 1 to about 3 mM. '
The oligonucleotide components of the amplification reactions of the invention are
25 generally in excess of the number of target nucleic acid sequence to be amplified. They
can be provided at about or at least about any of the following: 10, 102, 10°, 10%, 108, 10'°,
10" times the amount of target nucleic acid. Composite primers, TSO, PTO and the
blocker sequence can each be provided at about or at least about any of the following
concentrations: 50 nM, 100 nM, 500 nM, 1000 nM, 2500 nM, 5000 nM.

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

initiation of the amplification process. In another embodiment, components are added in
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not inhibit the activity of the RNase enployed in the nethod can al so be

i ncluded,. Any 30 aspect of the nethods of the present invention can gaemUioL
at the same or varying tenperatures. Preferably, the reactions are

-per f or MO PEAOB®Er nal | y, which avoids the 39 - 8 MAR 2004 PODAGN/251085

PCT/ USOQ 25104 cunber sone thernocycling process. The anplification reaction

i i ed t t t tur.e that 11 bridi i f th
o1 1 gonucTe8H4REOF fy omASlEr SpRioprigie GEIceP iR 0k AmRHF SIomPTeF S S | he
pr esent r!:(ilﬁl%ﬂtah%rg;_enﬁili’@d%?'mé ah iﬁ%&%ﬂ E&Jcﬁeﬁ.' dectpiitle Ol?/tg, dsoﬁﬁ%?\ﬂﬁ’éh

substantially inhibit the activity the enzynes enp . The tenperature
can 5 bdars pptedhbelpwngan b raaddy edeatifid bpa persas Gf sidll ab thetar8 T emaynes psef er abl y

about 3 .aboyt 751 nd_ nost. ef erahbl y, ahgqut 37C to gbout 70C. In
sone errbggrd'!a ‘%éeﬁ‘?aé"‘? ﬁ&?ﬁ‘%cﬁ@%a‘é’%wp{%‘&ﬁ&ﬁ%?‘%‘ﬂ@ 1€ Rregent %@P&t‘ﬁ? ®for the
tragiscr iadtedso thé RRStoP QRS citHAPriéMS thd RIBIGE Abid dRhStiratioh step SoRb®GAI NY
steps. In these enbodinents, the tenperature of the transcription steps

can be ithe deaturatinpesten, op fellewiag hybrdizationagfthe primboand/@sdyckepseguade to
f 0 3 7 d t...pr ef | v about .37C,to about
0. " by afRPHINATES defertd b/ RS RS ! s Dok st kel e

t r i phospbdteqersontofakilCiarth®eartenpl oyed for synthesis of the primer extension
products in blil’g met hods of the invention are provided in the anmount of
f rom pr ef er agihy 2mpiification reactionsinan b stypped ativrieus fmepeintshangd rgeed 80 t o

abgyt 2 e . - . 1 d, nost
pr g?er ag%g/r a %_u{;ﬁ (%B‘t;@ 1@%%%?%@8§llﬁ&%ﬁ%gﬁ%5 g?é%%??r%‘%ﬁg&hgl aﬁu?;’ﬁeg}g qsde -or
nucl eot ifdesteppimgthewbasionp areclanoa in thet ahle imrl'gding, fox éﬁmspble,moeliﬁ@tmd r@i&ﬁﬁﬁlc es
di-spl acenent of the strapd.(for exanple, by causin ase pairing that is
weaEer _ %S’rf'\/‘&mneaﬁg'ie tﬁ IS Hy cp"_&t‘?qt}‘rgwa‘iﬁt"dﬁ %‘é‘l TGN YIFIRAGHOBS eot i de
or nucl Qed dlsekiRal ROGe laﬁgidéﬁmg?%ex%aev?aiﬁﬁ%gw%ﬁ 5rafm9bfme9eagﬁ§xg& al l

h id / n suc as

i or al ogs,

of which are known in the art.'™ Nucleotides a
ri bonuc R8I a tempistaipiedhatpermitnenzyme dstvigyrplnspest dmbodimenthenk or oforé he RNA

t i ' hods .of the inveni | i ded jn the amount of
5 or SRR sonfpohlifts A7 BUGEeihs IS REERE prich L, LBl e hmiir @ 1 o
about 5 offifle reactionsD AdteRTativElyaibe Yearbion barDbe/ Blldwed 1BRRbeed (V] friHi SRSt

pref er agﬁﬁhgbo t I.to about 3 MM The -oligonucl eotide conmponents of the
anplifi WIPRRINIEAPUBR- t he i nvention.are 25 generally in excess of the

nunmber of ta I j L0 . 1} .
orovi teq at - ohe defbELE HRSNITRANH8AIA P RRARYS b prcbOfE of JR0aREY
106, 103¢quedds), Quaiditfive analysishiealsonfuasibleofDireut gad indiretiedotection chetfodsposi t e

Prygrers ’(inzﬁ%ng%-ﬂgng&gog)hgre 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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bl ocker sequence can each be provi ded at about or at |east about any8dfARt?0E
following concentrations: 50 nM 100 nM 500 nM 1000 nM 2500 nM 5000
nM 30 In one enbodinent, the foregoing conponents are added simultaneously
at the (;lz%g on of the anplification process. In another enbodi nent,
conponent's A8 Added in 40 - 8 MAR 2004 WO 01/ 20035 PCT/ BETWMR6Wsany
order prior to or after appropriate tinmepoints during the anplification

pr ocess, prosided abiohd, Gbr R4t t Such
ti mepoi nlt)s sonme of which ﬂgr%gitégc}s%@ga%t} geggéeﬁrgdé&g% &gﬁﬁﬂ’f@ﬁ by a
person o‘FO%RQSFtPPﬂﬁleF&#Sambedhmnwmedlsed for nucleic acid

i f ads of be 5
Bdhed 1ot he TEHEASEASr bR prien{ BN aRich, f melipd B nntlying R0 aenat ur at i on
step, f odedqoscegomiphendaftels ﬁrgamusksade QquérRk; ﬁwﬂe@yt}{m &@&g@n of the

priper and/ or lil ocker sequence to he target determ ned by their ’
t het mal SPthsFm3 th?e%mt!'ﬁlﬂlc mﬁaqquemmw@amns achioved. Inanother apestoa of ski | |

in the s _can be sto d at

t mepoi ol 80 ok bl b BRI BIR sF RSB AE BB ! ot a1y -
i dent i f i edsoRNA xp@rmded;ﬁvmihu ib borh&tithberefdrted tVBERRBOS anf‘%haﬁtcemlﬁa the
reactions Iﬂ’#’g&aknom in the art, including, for exanple, cooling ﬂe

reacti orf™ 2 - {B epeembedigent; &tm‘ﬁm of; enbanaed jsatheamal hnetay nu%'chods

for res 9
exanpl eLHEEd]algzs fl@&e aﬁgrqitﬂggrrl}r)%} g’tﬁ{fﬁéégsé l%(gagr e c |“tci)grgle(h ir{atfjtfr %ﬁlﬁgq )‘rp@r ature
t B peramother emgydnmeama:mthgd of enhance! issthathiahBindas nuaate aerd s¥ghi¢hcdd of the

conmpone is reple or to or follow ng the
st rapttisplig wh B3t bioger' Safebls A UGS Rerpied teriastier et awed t o
proceed X%.e., from start to finish) without interruption. The detection:
of the anplification product is indicative of the presence of the target
sequence. Quantitative analysis is also feasible. Direct and indirect
detection nethods 20 (including quanti.tation) are well known in the art.
For exanpl e, by corrparl ng the amount of product anplified froma test
salfpl e ddneminncleiy aeid tlerReRANEG iiﬁorptfesﬂt m L lﬁﬁéﬂt DRA raaxwtn

target seque to t 5 ref erer rrplethat
has a known P?ttlyl?‘ﬁ toatf%PS}PHR% étﬁmlftchﬁ?n mﬁvdmshetmeemmg

|
doter m macy o RPRGHenfAl rRhOhpl REAUTRPF il hifeleiRle SAE. TR atiathy 50
be ext entidiges vsinglglcomipssitef prineerudn one ambediaich it mettod gy emg:ldyg aof the

' » h I ff f I
;i;?n.eaa{i%%ﬁ%tfonas%hgencg usruE:h gsr a bﬁ)cﬁeercstetlt?erxllcec gsudecsi:cr?beedem N?gt}lgc? 2,0ra Té)(r) aesX anpt e,

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 sequenée 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 :partic'ularly 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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translation products from RNA anplification products. Anplification_gaih
of the present invention 30 The follow ng are exanples of the anplification
met hods of the invention. It is wunderstood that various other enbodi ments
may be PraotR¥sSs, given the general description 41 - 8 MRRTARDM 230 01/ 20035
PCT/ US00/ 25104 provi ded above. For exanple, reference to using a conposite
primer ans. t.hat a of, the .conposite _priners described herein -npy be
used. Iﬁg(?ﬁ@eg%g%tﬂéwactﬁm%%??ﬂ“ﬁﬁ?e ﬂﬁied?ﬂ ‘?{"‘ng‘!‘ﬁ?ﬂ W*‘E&ﬁtﬂ“i- ffg a

nucl eot ffizestVURFReS; ATIVR risd shdh ﬁﬁ@&ﬂl@f%%kﬁ% RGBS A URAGRatiS

provided. In this nethod, i'sothermal Tinear nucleic acid sequence

anpl i fi dasdripion of theHinseridothemmad mucleiracabaeplificationef thednyantioanpshiowniing a

t ar get %%Q'f%{-fo“ de sequence wherein the anplified product is sense RNA
| )

i's prov ( th is sonetinmes referred to herein as an "enhanced" Iinear
angl i fi cati orsimghPEMethBd9DEnEPROGEIRBEd béoﬁ?&@%eﬁan?ﬂﬁf&ﬁﬁ@@rﬂe%ﬁh@r nal
i near nucleic acid sequence anplification which is TSO based is provided

( her ei n&esigned oy winglestragdediBNAetargath Sdiemdhe target tebhamipbifiedisidanc ed

i sot her | j | ei i d.sequence .anmplifi,cation.whi.ch i.s bl ocker
soauonc O BTN B en i 10 BMRRS Snelf TRuddod bt Hhnd Bt O

nucl ei ¢ newyi ik etedenaasaghdthddskinbOn ih Gfelrt, isiich Ay heaOoidIRATERERMEnDONFhEK oduct
When not. |inked to transcri gti on, the_ ag‘gl i fication method of the invention

provi de&he igreet Soingle seanded RO, suplbps ppMirdRMA; the gargetis &rgi ¢ aci d

S eNC @randift sl i.ngl P rimer. In one

eﬁg’;di ment tﬁg%ngﬁﬁg%é&g?lg%%fbxéﬁgma%g?%a t|Ih§r:‘11{:£sequence, such as a

bl ocker sequeksshowm inlE$mure baeC,ithe aéan dxdttzrmal arapiitiatioa saetlibdisfhe | bed in

Met hod 1. Methods 1 and 2 ar.e described below |Insofar. as the, |inear

anpl i fi EXPBAN PATRBRES StoRR Siiap @ i il ssensa the fribag H}"Féh%‘gplé‘%ﬁi’t‘é’f‘eps

| eadi Ny ethddar(VRlthdR 1 80 23 dE&ﬁBé&lSelBQﬁ’lngZ s KO BIEIASS dor a DNA

dependent RNA pol ynerase, “are not in e termnation sequence
( ei t her negeicacidissombined ovjthememnpasitp priever, DNA padpudrase; a rit®nacldes siicr

DA SOl P 4 P e SRR B el
‘nucl ei ¢ oaeethbodigientrRatlz ahplificativs fedchah idcRidEh BethpEsite Prinktirs BESnEMEMIAL ON 1S
achi eved. Such patural sequences are known in the art, for exanple, GC
“irich se§tMs8ek  Ingnothspembodiment: pech gmplification reaction includes a mixture o
composite primer vatiants, wherein the variants represent two or more homologous but .
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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determ ned. Use of a termnation sequence is particularly beneficialg yfpen,
anpl.ifying 30 genom c DNA so as to provide a defined end of priner
extension. Wen this feature is not desired, the isothermal |inear

anplifi %@é@ﬁcor ding to the nethods of the invention can 42 - 8 MAR 2004
WD 01/ 20 US00/ 25104 be carried out without a ternmBfa/VY¥28®4uence.
The isothermal linear anplification further wutilizes two enzynes, a DNA
pol yrer ridiyd tétHel hSPSEH : . i .ipti.gn of
the |i ngg? i sot herelrfgflelr?gcl el c ggﬁe‘gﬁpﬁ?ﬁfdﬁgﬁ%ﬁgﬂ?@#ﬁ%ﬁﬁl eil “shown
in Fi gffke The-3end othei domposite itmkpitextendadialdng shetamet ithd tyahow, t he

| i near i.fication.method is..designe appljfy a single stranded DNA
target. %dﬁ&]fa%éh? gcf S‘gts“? 8916%‘)%?‘3 p?ﬁ&dfé(?gggpod@,segmcg SemgRenent; tq j r st

denat ur efdelt@ompRstIckI ﬁ‘ig\ﬁé QASC§.aRq'ﬁQ)ﬁh@k9£tsucﬂ_ g]mm 'Ef’éa%?ﬁ)%: g\gﬁ/},”ﬁy be

carJied out using nmethods known in the art, such as heat or a
t r @at merfeneiafli the I HANAapaegtion of the extinded prisned eficahpflex X0A(FisrarBVC)as Vi r al

RNA, th L& Seatel0 t crjbed to produce, cDNA farget py nethods
cnoun 1 "2 hiee Sombes ORI Ere TG A 8dont GoRpRatarisien bindsp Ramlek XX

anpl i f i q&iguen] AED)bychydfidiziton bMheRN AN GHRAMYRES” RNAD Postonith ?fel& o the
initial s%g)ges the enhanced |inear anplification nethods {Methods 1 and
2) descr?® Aaerei 18- gThe frep A2 porien of thethoulid eomposjtetprinmexchen ¢ aci d

i's corrbid'-giga 1 i r.i . | I, ase i bonucl ease such 15
as RNase H g\g%ﬁ%ps? iegﬁgf]%&’g‘ﬂbﬁq%@‘b‘%%&%ﬁ@@r@%ﬁ% %‘F%‘F 10 MY escri bed
abéve. lcomplexeXBHb GRigmeritA-CyaThe hybiditatior dfake Bea@ldfaRe EdtapsHEe Eriﬁ{éFRPSi te

primers of one.identical .sequence. |n another enbodiment, eac .

anpl i fi 8t g Pé’zf&ﬂ'ah)ﬁ e iees the Tbeiipagonpt theoysed pt deprimms exigasipant s,
uher i N ol héARE By brRREQFPUnd!oFhDEriBE § aNOEBE BHAH the pNAION- | denti cal
sequences, and wherein all are capable. of hybridizing to Pﬁle sane target

20 nucl @olymesssg vduehwilbthen Exend tepd cmdrafalid primésalgethe tabéty Peimdreast about

50% . nof, | ly,. | eas 0 75% and nost ef erahly at | east
about 96 %oen%élg EG%P gg%%d‘%%ﬁa%eﬁ}eﬁ Oéﬁﬁ glﬁ?tr%mef CRtenHgR Prgductis; yigld gomplexnt r oduce
ditst or eBIXY dbiganchs-C)f ThapRicesdisiélicacing yid FlpIEShERSIARIATAGHCT S 1N Vet
anot her -engq%dl ment, each anplification réaction’inclUdes a mxture of
conposi SEPHcementProdycts whish areeeperabiyrcomplssnentayitto thedanget seqnenceon- i dent i cal

25 sequences of. N | ..and erein th I.mers
pr ef e(rqen_ti al I@Q%%ﬁr%ﬁagééed ]?jg%{lfef’glﬁ%%@aﬁg% e & eé‘?‘(?né’é‘i’ci}‘cgégfjé‘ﬁces or
di f f er efotigirmellinehomyplifivation mecthat g rediily|deicctabRbychnyofanshy diebéans ages of

this errbo% rge% i,nclH}de m.{/Lti pl %x detection and/or analysis of
methods known 1n the art. Various homogeneous or heterogeneous detection methods

20 suitable for the detection of single stranded nucleic acid molecules were previously

~ described, including identification by size and/or migration properties in gel
electrophoresis, or by hybridization to sequence-specific probes. |
- The detection of the amplification product is indicative of the presence of the target

sequence. Quantitative analysis is also feasible. Forexample, 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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target nucleic acids through anplification of a plurality of target BnM’/fRI ﬁb[}c
acid species in a single anplification reaction. 30 Figure | A-C
illustrates an enbodi ment that includes a term nation sequence. The

conposi MO BK2M88F and the term nation sequence (TSO or bl BEXEISOHBHMENCE
conponent) 43 - 8 MAR 2004 WD 01/ 20035 PCT/ US00/ 25104 hybridize to the sanme

The - and of M RECEEARLSF #eR friesst .28 ldearodf BG i st oo, %taﬁd oy
the poligazestRac 0°Uae lbast bbutSiol aut Mastubdii #0° hﬂeasfeab&hq o‘FS&rﬁﬂeﬂ%

sequence corrponent to yield complex XXI (Figure 1 A-C). Ari bonucl ease
such as crpigsef ¢ach peme%temmatﬂpwyngclg@tmcan expests, tm/icadmguolac) teastf1,t he

d d
(Fi qur o 2 PRleTD:acibask R0 3ot 1000 2Pighl o .07t oasPREMLE, SRR BBt i o
| A-5C) buohmbreagtuabaﬁﬂ 10Y-031d ehikanBiientRite febéet td EhTopfRoifseripitti on to yiel d
complex XXII1 (Figure | A-C). The free 3' portion of the bound conposite

pri mer ﬂ’ﬁbﬁ‘“"lﬁ?@ﬂaces the 5° end of the priner extension product -and
hybridi zes to the target to form 10 conplex XXIV (Figure | A-C). The
hybri di zation of the 3' end of the conposite primer to the target is
gener al [Bphfusoed liaearawegslificatomydsuitiip imbénsa RMA bllubt end of the priner

ext ensi on ﬂglduct S nce the hybridized 3 §¥d of_the priner is a site of

bi ndi ng of t H&Br&entIg é’%ﬁ?RﬁﬁY g Wethods g amplifyang atargetpolynglegtide ne
r r r f t he
PHOTE o Sodlicd Whert ‘%ﬁﬁa Ejed produ€tds RNA BBt iRty df stife SARNEEGRY B (10

Pr ocess seguenepasdargdt)t Anml@cahombﬁ ta;getemmlcng heidatcadhgdo Divthodi1,spliele ene nt’

product s ich,are gener Ierre t.0 the tar et sequence. _ The

si ngl e §'f‘%ﬁﬂ’et&e fironot a%lrﬂgu “§e§1”§ %F IHisation p HEJREFt of t he
i sot her apd tdnplasswaBRblifofiridoffe @Pﬂzlzﬁé& S1E8A, lemﬁi'd’és%lt @&Jpﬁn@%fﬁﬁy of
many detection__nethods known in t e art. \Various honogeneous or

het er ogdinedpnplificatien @riranserigivn. e coniplextfoamedby thedybodizetivmef bt si ngl e
tysand b
oS et ticR Bl oI, Ba Wl FrnlcR bR EBSEh e S ASHREED o¢ oo

. or by hrtrabiserijitionrbytthe R&NAI polytnesasecwhich gaﬁ&bt%an RMA gridact dfale §md he

anplification pr.odu i s indicative of the sence of the target
" sequencé® ns@ﬁéﬂﬁ‘f“é‘?f@égeéﬁ%‘l‘?g?% figilgrly cam ﬁg‘iaﬂp’éo pesleig agigireet by conpari ng

 Unknown e e P 8o A B8 AT EXEn GO PRI,
pr oduct vdfen ém’phdmd:mttho prapfioter nemptateqhg)nsuahpmk fonms altasplex, whichisa
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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known quantity of a pol ynucl eotide that contains the target sequencey MAWUUL
anount of target sequence in the test sanple can be determ ned. The
anplification nethods of the present invention can also be extended to

anal ysi sw@f o1peggsence al terations and sequencing of the 32{}@?{’%@2 P}%cl eic
acid. 44 - 8 MAR 2004 WD 01/ 20035 PCT/ US00/ 25104 The pro of*at | east

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 about: 1012,

conpl ene r i.es of each copy of tenplate polynucleotide can be
expect ed?}e?’?‘fésl‘f‘g(g@l” qrfanged lingst nucleicgeid amdification at | east 100, at | east

1000, at | east; GRUibodiR IegRs , .t .| east, gbout 5 109, at

| east about ;(ﬁZ-foI d en%ne{%%]gnent Be\nﬁpﬁfﬁ%aeé%@@%g %5‘8@"@833*‘6&1‘#@8 | at e
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pr oduct .pregent ..i.nventi on al so. provjdes nethods for anplifying a

t ar%et poP‘Slfﬁﬂg F%imghcﬁtﬁms Sehrmatigidescaiption wé thismevel paplifieasivnanethad, RNA
cont ai ningﬂ{ohq,g@ﬂgﬁns‘@mgeﬁggA(@: e., Same sequence as target).
Amplification of target nucleic acid according to Method 1, which results

in the gener aThQ)'f}S@fbaaedJmcdpje lai;idtampiﬁd'l atid Iﬂnd aﬂpﬂ( b{ ﬂﬁ&?ﬁ@ﬂﬁgﬁkﬁ@l@% aGRIPN i si ng

t ar get .ate switc I gonucl eotide (TSO) -rel ated portions,

pr ovi des%otsggg%ﬁ%ﬁas gn?sc F}E‘? a"‘%ﬁea"f s ﬂliphg‘l%lf’le@ﬂd? wsed/in thecamplification The

conpl ex fethow df thy ikveatiby By 4 en@Akte Switelh oﬁéﬁuéﬁoﬁ&éofﬁ‘s@g%@%é 8é§c%besd bst 1 at e
u | u

oljr onucl eoti de and, t he di splaced prinmer  extensi
f

oYt r ardhovs pkhesmnlificatien meshod oif yhreinvensionwiripddy sghe fol vdng emzyRN& pDdUCT , Of

t he ‘sa jQiL ] r ) e, Siml , anmplification
of nuc Inglimclylgci 5%‘ g&&%ﬁa@dégé%é"g%‘sn%ﬁ?%ﬁk@ﬁm&d&gﬁvﬁt gﬁ‘%/ BOLYRETaSH of a
di spl acebhqmicteir acid taeges it be pmptified catbSONAGEINAY Kl f&ioh Of bl omoter: .
tenpl ate ol | pucl.eoI .d orms a conplex, which is a 20 substrate for the
RNA pol ytﬁ@regg’g.reﬂg‘r‘? W"Wzl‘: O synthesis; apkpewsgin thestil t s i n coupl i ng of the

l'i near anpl i frredel o' g1 -oduct refecably at
| east abgBt 1 rmlr“gljs?)srbg%%r a -%&ﬁlﬁxﬁg%%lﬁ'lg%%éﬁ ggﬁﬁhogfgﬁf'%ﬁ?e erﬁ?‘b"ﬁﬁﬁ%l y at
| eldst ab‘@atprfxtl,ce switiple popies off af RNAbprgdwit homeRpbustieltsedRPto @ CirfRIDPNA

preferabéeéiue%tcel east about 1000, RNA transcript products from each prinmer
extension product is expected, thus leading to preferably at |east about 1,

more 25 pref efirbingl@étrdndad tarf@MubleROci ENLBmBHA vAf %S%Xsifet rin%f}sé about
1 ref erabp Y a

about " 10PN pobmae ol sches e FongmXARRporiis e
pardehi nked
net hods vI@ﬁA%WnSJr.és%?éﬂd)ﬁhcleotides, such as deoxyribonucleoside triphosphates (INTPs) and
20 ribonuceoside triphosphates (tNTPs), 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 -7
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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Bel ow are two exenplary nmethods. 30 45 - 8 MAR 2004 WO 01/ 20035

PCT/ US00/ 25104 Met hod 1- TSO-based enhanced |inear nucleic acid -8 MAR 2004
anplification In one enbodi nent, the TSO based |inear anplification nmethod
-of the PY@8EMW3Sinvention is |inked to transcription froRCTivsoqasiower
extension products to provide enhanced 5 nucleic acid anplification. A

schemati G descrigti on of this novel an& ification nethod, Method 1, is
shown i RIECHEFIENSIoN prodygls. mystgaetber embadimentseach amplificationseadiiPinet hod of

the inv i i e TRASH; rJ [ i e. A
second gﬁ%%ﬁﬁ%%??%%@%%%ﬁn?ﬁe’arr%ﬁlxslﬂlg t orrlzr'r %s%lgz&gf&?ﬂoégpﬁi\?enti on
is a tenjentical sequences thhi go nfilbveaticdonidlsgy), and wdereis thdgsimdrbprtferéntiatipve. The

anplifi Lon .hod t he i.nventjon enpl oy he -f.ol | pw enzynmes; a DNA
oy rer 08 (5 4R {rof buskel uciok SRkt RGeS 67 GiEront PHOA=PEE Sk G R

polsyMer pg@leic abi¥estaa!l Advamasdd of HidShbb@nidat ALRKE flﬂl.ﬂ?pl&@&et@&iog%dﬂﬁ' RNA.
Amplification of an RNA target wll require initial” cDNA synthesis, as
known i analyss of targerhuclamacitisGrbegeamplificatior of & pheality afiprgdt nocleicawidret hod of
t he pr eseml;e i.nventg'gon tE»aﬁan %r oduce multiple copies of an RNA product
honol og SRS 1M & Sins %?EB#“E ORf@ti-get DNA sequence. The single stranded

target nucl elgoRetsbbdinfeatl B TESD Yhrichohd'S £RABMAISE sdubifRland Providda
ol i gonucl eoti de, DNA pol ynerase, ribonucl ease such as RNase H a DNA

dependeREOPram@epEtqpanec Ja anether embrdimentdths TS doesaot cunysci papromstari de
t rdqph P i ide triph hat P. i
e T S R S T

as knownoligenucheetide,tsuckbus 4 RIDOethabesthprives APESpioMm R dequedtttind i9 AFbrafigabhs
descri bed agpve., In one enbodi nent, transcriﬁti onis perforned at a

di f f er efft the dnpertion pfdhe pramer extansiongreduct sychihatieanseiption of fleqsvRtng st eps.
| n anot B&knsi b oc@ld the steps of the nethods are perforned
isothermally. 25 I'n one enbodi nent, each anplification reaction includes
conposi te pr iThesughf composite pumer ael the #§Oetherehybridiznotthesanendicad wEtite, each

By i PR Bt R Re et e e platuplPias edr bied fulbe SHBRS! Gent cal
sequenc ggspe@dl ofbtitAinthgahd ndll&c aaRMEE pror by Beitatsdi MBI Cadid BermaiBtidfr get

nucl ei ¢ acid sequence. . The honol ng/ sequence identity) is preferably at
“'| east aB6Pt Hyboyglization of the two oligonucleotides to the target strand results in the formation

of the tri molecular complex I (Figure 2A-C).
A DNA polymerase catries out primer extension. 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 subsirate for both an RNA polymerase and a
ribonuclease such as RNase H. The DNA dependent RNA polyfnerase 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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30 nore preferably at |east about 75% and nost preferably at IeagtMAﬁk?ﬁmlt
90% Advantages of this enbodinent include the ability to introduce

di fferent sequences of interest into the 46 0 MAR 2004 WO 01/20035

PCT/ US 4 priner extension products. In yet another embodi ment, each
anplifi ca@i on“réaction includes a mixture of conposite iGN her ei n
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i i S i ied, I gonuc i de adde o] e
2 g(r:r:)IeleC rgﬁﬂggggt ed 8 %gg%%lgll%gy%g?%hu}eé/\%)ﬁ%):ég@%cﬂs%gbﬂésgrﬁgct E’g%{iﬁ(}?p‘t o the target
null ei c pabineraken dixtenaionad thesprimper atiyriy thelitaraét sorand (VIINEiguye? £10)gequs ot i des

to the t et str esul.ts in the formation of the tri nol ecul ar conpl ex
| o( Fi gur ésrp%&%f‘.‘t 0?1%\@“28%‘%‘?’%%‘@1%@% from therGomplexeRengated primeThe pri ner

. i . . o] ' lex | (Figure..-
o O ot he e PSR UL RIS DA EpBOER: 05 11 o e

target Pebvapeleotidesihas as: at leastimbstantially qmmnlém:amm‘y_ mnbehfas%at naasitdi_c akold: ]E hteL t

i i : TSQ templ a results.ip the formation_ o eto
ol ecul ar - conte Baief SehalSh Rt GReAled o FRteritid boror aned 2 mPROTSO and
this i r stansopiption in e feaibddianend vbekett TSORRaticofiirises A PRpréaNsEARLAMhJLPdUCt s

a unique DNA c ri.sing 25 both a target dependent portion (i.e., sequence
conpl grré’Fﬂ[‘)’g?‘iﬂ' I?Ig‘% lacgd gEmen ertersion produgt (YAH; BignsQ At€hdybddizeptorfréeon

e TSR SCORUATISAEL o) Wb Ui 2100 ST
' comprises a double stranded portion at one end and two non-complementary single strands

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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ri bonucl ease such as RNase H. The DNA dependent RNA pol ynerase binds to the
30 functional ds pronoter of conplex Il and transcribes the first ﬁ'”%iﬂﬂ&

- extensi p PiREsct to produce a sense RNA product 11 (F ). A
ri bonucl ease, such as RNase H, which 47 - 8 MAR 2004 V\DB%J@S?)%I&)

PCT/ USOQ 25104 is specific for degradation of the RNA strand of an RNA/ DNA
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Repeat e i i ons, and.. st rand.di spl acenents result in generation
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conpl enemphifiyation, Method @, gichdeeh abein26ive a tdfplaly SWikth sbpl RRBbRA iR FRRAKC!

gﬁnerat d Iﬁé descri bed above is used as a tenplate for 15 transcription in
t A8 enbéfrBent wherein TSO t hat conprises a propronoter sequence is
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vbri di zes 1 GhGES AL ] il CLBOMANREC SR Mo asde Bt shald.

(Fi gur ga Bl@;@r. seqQuengt emn()ohmtl ehjchl iX eitharpraligesudedtide ok an 3Iigc&ﬂ1dl%6§§@_r ti gnf at
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the pri Wb}‘%k‘f‘@ﬂk%ﬂ%’fwvsnﬁfv r?g%.tofbbf T1gige Y 2SEAUERaS ©RBdDrti on of

this pafai%ﬁkuél@ﬁ' R sHARA 84 1R s%ﬁl&?ﬁ%eﬁ‘éﬂﬂ%‘@?@&li giesti&é, Gfhof- OOt er
The last Din

for the de,Fender)t RNA pol yner ase. sto't pronot er of
t A& par template (FF@) which, andescribedsabavioesomprisepn Birportiontveich Brabertoduct to form

Itipl ' f dyct .. X (,Fi 2A- Q). Th duct f
the. anply s eadis BeRRBRCerMalsren B bt e b XesoRomogenous
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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
e?(tension 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

49



acid. Quantitative analysis is also feasible. For exanple, by corrparl@%ﬂt he
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Qﬁk
primer etﬁiteniogn at the site of blocker hybridization to t he target Thi s
feat ur e iment include the ability to introduce different sequences of interest into the

20 primer extension products. In yet another embodiment, each amplification reaction -

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

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

The single composite primer and the blocker sequence component hybridize to the

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

30 .As in Method 1, a ribonuclease, such as RNase H, cleaves the RNA portion,
generally the 5° RNA portion, of the single composite primer of complex XII to form
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‘provides a strong stop for priner extension by the polynerase and defjn i
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20 sequence that can be utilize/d by the DNA dependent RNA polymerase. Complex XIX is
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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

51



The single conposite prinmer and the bl ocker sequence conponent hybri 8iMAR 2006
the sane target strand to forma tri nol ecular conplex. The priner is
extended along the target wup to the site of hybridization of the bl ocker
sequenceVO/ PG m complex XII (Figure 3A-D). 30 As in MRARUSOD25H4

ri bonucl ease, such as RNase H, cleaves the RNA portion,.generally the 5
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RNA/ DNA hﬁgrbd, and does not digest single stranded RNA. Thus,
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the first priner.extension praoduct (XVl), proceed as in Mthod 1, to yield
mul ti pl 3“‘8(3"& quantify of ﬁé’ohmdﬁ ese%ﬁmwme fareefreaueney] thy amopnt dfdargéte -
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resul t ith gte %!eati og of ..mul ti E)IGF copi es of polynucleotides that are
conpl eneRt r@" &° ¢ Fsdisgupsedbelon-c. acid. The promoter tenplate
ol i@onucl eotide (PTO binds to the displaced extension product to form
conplex XVI11 (Figure 3A-D), by hybridization of the 3' end portion (A) of
the propHe&hedsusingthe auplificationanathodswadaompositions pf dodtvorioner ext ensi on
product. As. i ve.. the. 3" end of the PTO nay be bl ocked_ or
not. Wien thg%gﬁﬁéd%%qfﬁ%%oﬁm%sf %ﬁfﬁ? Bresed fnyeqtign can h%l’ye&lf%?(wetx ok
t enpl at eourpdses. Ror putpaseest illhathgioh Yaetbsd fAeqtenciig, @Eﬁo&ﬁih% (RicRi Ri@duct .

e

The 3' end of the displaced product wil| be extended by t nucl eoti de
(DNA) pdt LeCHPBH IFaITRY pEsPRiagAn psng the aplificdimupleioscid prodoytsr i di zed
prppro . ieh (i ses;at_i.ts one end a
ds pr o%g%m%gggﬁ@ﬁ%gd% %@@g&é@%ﬁﬁﬁﬁ#ﬁ,ﬁg@ cglf}r at%%g}% Wuﬁgﬂ)ce?ﬁc nt RNA

pol ymer asquensrpd doschbod.i s depicted in Figure 3A-D as the product of
hybridi zati on of a pronoter tenplate in which the 3 end is bl ocked for
ext ensi on by the polynerise. Alternatively, when the 3' end of the

pr onot efsotgsTibPdequércinlods dUed BEcIE bR Usig e Anedt i Aghd fShod
di spl aced pr.imer, éxtension produ esTt format o of—a+ut+y—doubl e
st r ande@LBigdpyesiion pNA 25 dependent RNA pol ymerase will transcribe the

T

exggended dis %@ﬁﬁgar%tﬂﬁ{na? é&%ﬁﬁ(i:a%%n methods of the invention are useful, for =~

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 (dNTPs), that are used
for the amplification method according to the present invention, the sequencihg 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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linear psptdievioRtulanDYhdhicdde i i | ‘ ul, for
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nmet hods I .n. L addition.to e nuc].eotides, such as natural
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reaction 25 ture also | ncludes the appropriate nucleotide tri phosphate
anal og S‘,"’OW%%{W qugyme. The label is detected by the enzymatic activity of the enzyme,

which generates a detectable signal. As with other sequencing methods known in the art,
20 the sequencing reactions for the 4 nucleotide types (A, C, G, T) are carried out eitherina
_single reaction vessel, or in separate reaction vessels (each :epresehting 1 of the 4
nucleotide types). The choice of method to be used is dependent on pr_acti#al ‘
considerations readily apparent to one skilled in the art, such as the nucieotidé tri phosphate
| analogs and/or label used. Thus, for example, when each of the analogs is ‘differenfially
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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phzcbs phate . ) . )
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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anal ogs and/or |abel used. Thus, for exanple, when each of the analogs is
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anpl i fi &8 TehenresemwaceHor example,damild bive vequener) ggaingrwhich theseqesnce fre

conposi i : i i en jficati t hods of the
vent | o B i R oo g Rolr T o P lents B P R8REEs o of
ddii ned (i the seguspcemompuisingor equenceialtemition)Land ths reféieage sehﬁexﬁehﬁ?&lesnucl. eic
acid sequence. t hod is. usefuyl for, gengtyping, detection of nutation
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general |y hybridize to the portion of t
mutant or a polymorphic genotype. Generally, a suitable composite primer comprises an

RNA portion that allows the primer to preferentially hybridize to a target nucleic acid if the

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 F igure 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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known nomi@ionin g targas stransmay taad to no detieetoble amplifizatioroprodugts; lajtemativély,

gepot yp | | i.tabl e, c 03l t rimgr c rises an. RNA portion
t hg%) al ﬁ(g\rlfl/s%? ﬁ%datgrcil\étﬁgéb%;{) r% e SeP&ﬁ@FSa‘?‘ﬂﬁwg%P’P i %Pt?%rkét?’ﬂ?% stiand| ei ¢ aci d
i f the 2@ithangled motacibei ¢ sequence conpri ses a sequence conpl enentary to the
RNA portion of the priner conpared to if _there is a m'smatqgu\ii .e., the
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“which is of the normal genotype will be prevented, while a mutant genotype target will be

20 amplified.. Thus, in this case the detection and/or quantitative detérmination of multiple
copies of the amplification product will be indicative of the presence of a target sequence
of the mutant genotype. For example, parallel reactions that include either the nucleic acid
sample of interest or reference sample of target nucleic with a wild type sequence could be
run. Accumulation of more 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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amount of accunul ated priner extension product. For exanple, when the

conposi deletion phasequengsrsegment ensompassingrtbe seguguesrdséingd by theddmpise, wil d
type), Qedtigesence of a nutation in a target strand may lead to no
detectabl e anplification products; alternatively, 15 it may lead to
ddbtect abl e plwontcdmbodinient, gesotypeaspetifiepeinirq desighed todiava eI TRhgat € St rand
w t hout trlgotgétation. When the conposite prinmer conprises an RNA portion,

gener al M° CRRIESPRG P fhsvarioys sequgnges af the Yart phdgpasgion (surhaast

genot ypgue &Melibrhy atd QrdThr ﬁngﬁﬁ’&ﬁeﬁ Qccomh% ltfb gmélnﬁét%%d}g)é '&%.r rripqlgt]l:r%tﬂ)ﬁp pe will

be prevented, whil'e a mutant genotype targ 1ed. Thus, in
t hi s. capeesenve of ampbificationeprddunts wouldtindiedte that thetterget matdéioacid comptisdsphe

copi.es e lificati,on product . w be .i ndi cative of.th resence of a
target get'e Egcr?c%%ggﬁi LY ‘ﬁlée mgﬁf‘“glsw&lﬁﬂféi}e ?—%PC‘Q%‘FH)‘P%E UKy eﬁ‘? &S%P‘Z%ﬂft i ons
thet i nddckdia ®hipatisor o6 REGERIequRkiChcid 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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sanpl e of interest or reference sanple of target nucleic with a w |-d MAPEp,
sequence could be run. Accumul ation of nore prinmer extension products in
the former conpared to the latter 25 reaction would be indicative of the
pr esencewof01/20036t ant genotype in the sanple of interest. pCAluSsnastoivel y,
when the conposite priner conprises a 5° RNA sequence that is fully

conpl enentary_to a.nornpl genotype. sequence of_ the test target,
anpl i fi cat i ont R5tPIRACE ggﬁle?@%ﬁ@é‘ﬁ]@@ 3(9qu %‘HBhﬂEﬂt&‘hmﬁb?ﬂsﬁ Yandgheyent ed,
and t he . : I _ . . . ) . .

pr oduct sé;l?g&i%%fihcat [ vfél?%%aggﬁlir]l{g%ﬁr?gf Ugglr}%tq %@b%g%@gﬁ%ﬁe a#fpfo??lltn g%?i on
met hods stfandédeconfersmtionipolyanirplism {88CB or tSSCR) based detationidetectiof. Insofat i on as

d i bed .ab. .56 - 8 MAR 2004. .01/ 20035 .PCT/ US 25104
3 nucl PRk B RBAur bR RIAPB ARt FEte PR Fof e ,
anmpk i fi cahpliitati®h hegsenet amb?ﬁcziﬁﬁi{ 28ddr@ing k e hew MRIHOAE dodsHot A @RENt ari ty

of the 3" nost nucleotide of a conposite S primer is used to characterize
t he predupseacoef agentsrvhkichfedacnsecondary stouptiancs én the siaghe stoinded productf t he 3

nost nu i.de of C osite primer t. target nucl.eic acid is

oqui r ecpaerBotptariERAR FrBbal Hsalibef oy AR TR GHIEARS nai cat es
that t hepreRhgedf ageuts which asute seebiRNNSnidhEes SRR IS DMISD. TREL, RYst he 3. nost
nucl eotide of the conposite priner., Reduction or absence of product

anpl i i c@eticipated dhatitheenhiapesd lingapmplifivation methogdstof thecpresent mverttoneaslbsi ¢ aci d

CORj ai NSy; i (P at._| » e .

co % | e nZ‘h‘feﬁ‘?f ﬁyg&fﬁ)ezﬂ)% I‘O(i)rrrri% {set Ig%ﬂ’(g: ?%&e#egghg g ﬁ%heét@gﬁ%%éqr#%%g ?‘lgﬁre r. The | ack

of | t he. pﬁx_tﬁqmp_hism, Gach M&gb?h@_@ﬂi@iepfﬁtﬁi@hi m¢thod fordhecidontificacion de _ .
pol ynor phi sm insertion or, . deletion of a sequence segnent enconpassing the
sequenc épﬂgg]f’ i} ity P_Laﬁ%mf:“f thFD%Egeie Hraded RNy pradsictsfopthe CBW%HPH@E_BF |

genot YPE&seRAEd bf spebific B iEmcdfatdes the pp%&?cet &N diffBShee if 'dg&? At
correspond to thée various sequences at the variant nucleotide position
(such ascidhsecompandd tola refgrencanucleisedidf or anplification according to the

met hods of t hnwentign. T resence of . | i.fication praoducts woul d
"0 cat ot hatVEads Bhisd P gil Aes BoBETS o fnifldRelocphutis Bt YR fied by
the 3" rmetlet¢tionesid dhalysds of B vasibld sindlaktriidddRioniftiordl sopRsence or 20
| ack (in.conparisgn to a reference nucleic acid having the sequence defi ned

by t he 3Alterpafively dicis absoilikelyshatciravissrafitbaisingleptianded RNADr RIAawpduct i cat i on
P 00Ut Sk g kB Ll AR S S e A o
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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particular prinmer used. 25 Mutation detection based on single strand@dMAR 2004
conformation polynorphismutilizing the anplification nethods of the

i nventi or RNA anplification products generated according to the
net hods ?-Bttl]ﬁ%ogygr esent invention are also suitable for aPr%q’wp@ﬂf’gr t he
detection of any alteration in the target nucleic acid sequence, -as

conpar eMétod of _ ichokTiaSt 6f AGdificSefidence which is 30 identical to the
target nucCrerc acl he sequence alteration, as will be
di scussed i n Thesirgle standedinateiz of the pMaludiS ©F thalindar ARVEE6 a6ld Bhiplifeioa5104 The

bnancednnedBNARTRA md Hiegred B alPh rsatiorane B RN Bt iR y e |
sui t abl @révibusty a¢lparticalatigRdrebls Wﬁéﬁiﬂg%icﬁ%ﬁé??é&ﬂ%ﬁ%@;é ?ﬁéﬁﬁvﬁc&&%@)

based nutation detection. Insofar  as the RNA pfoduc

anpl i fi ®EQUss- net hods is not a substrate for further 5 anplification,
sequence anpld.f] i ccording to t.he new.nethqods does not require the
presence of asge&%r%g{e\%\fﬁ? %'Ifles edﬁglé-%ggggﬁaivngqra@?cay%nqﬁexfz ﬁ%‘d§ togPolidst r anded
product subskraenach aph ghiss SRl OrAbthbl ealbliRtorpBhaRaAsdifies bhdeR oF alioRlthgr s are
carried out . in the presence of agents which reduce secondary structures,

such as °PiViBH 2 mRisey that isicapablmef atiashment tolacsolid isubssrates suekas| anreazine group,

anplifi [IaTal : i ntion can be 10 directly.linked to
appr opr i%?teggﬁ%ans %or %e%gggﬁiogé&gtﬁ%gg%&%%}%ﬁcpéﬁl co Bﬁﬁgﬁ‘a‘f’g}o ea’f%’%/‘g?fi)r phi sm
suéh as naclew aidsr djhhamplified pridactis itesn coatdeed itk a koIl subshitef dueRhi #n of
specific rmb@it .pattern of the single stranded RNA products for the

el uci da®5n skfe, lﬁf’%%%hé?ayfﬁébf § Preanothey seactive sroupvech will fosa apr esence

of a1y dotdssapksiinariedie BEh oA is B L ABITRNALEL: bt Bedifce” ence

nucl eic acid. 15 Methods bas n gel electro or capillary
el ect r ophvalentiysatiachedde thesglassfstide. Otleerdadtbads, sauchan thase akingiamind piopgylvar i ous

single copformational, i soners. Alternatively, it is also likely
that cl g%(?%‘gg‘?‘g%“t" Eﬁ&eee{i%"tmﬂ‘%ﬂﬂfto?s c&?\?ﬁ?ﬁﬁfl&&luct usi ng nucl eases
WISch r dapgiwee.caf quRifpode ARTRIENY ciaBmORRIoYd &hulpbrbWhes; My be useful  for

the determ nation of sequence specific conformation polynorphism Such
nucl eases 20 Aftachmens\oh grawps krethgprimerydicheould be Biternpnvertessioayactivhi rd Wave) .

The el egtdfpRk ol iall [ e i tahl.e fagr hjigh
t hr oug hg&@%&fﬂﬁ %%?lb%kggﬂo?@%l&ng&ﬁ%}e '@8 I'o %’ﬁﬁtﬁﬁ ‘?IB t6 nuleotided of
‘the composite primer will become part of the single stranded DNA product of the linear

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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The determ nation of sequence specific el ectrophoretic pattern for ageg/i_\ven
nucleic acid sequence is useful for the detection of specific allel fotlll
test sequence. .Furthernore, 25 it is expected that an el ectrophoretic

nmobi | i t yYWP2£20438 for the various alleles could be well difdrrseatsiased, thus
allowing the detection of two alleles in a single genom c DNA sanple, as

required for heteroz us otype, or multiple alleles. Any alteration in
t he testscq“ﬂlc?fgé‘ﬁ%mg’ég%gg éﬁ%gﬁEé radyets, %’@ﬁﬂh’s& exipelatign theddéentigg eftheons or
del et i onempRie v inUSda! ' j cted to
be useful ? or g%?gg? i@i&iﬁiﬁ%s?ﬂt;gﬁa?ﬁ%é %SE%@ %%gwl‘ﬂﬁ%gﬁgmﬁ?é’%@ NP, and
the di saikery of new SNPs. 58 - 8 MAR 2004 WD 01/20035 PCT/ US00/ 25104

Met hod of preparing mcroarrays of nucleic acids The single stranded nature
of the products of the linear nucleic acid anplification nethods (DNA) and -
t hes enhatsmpositioacdndfiB\dfthé divefforet hods (RNA) described previously are
particularly suitable for preparing mcroarrays conprising the

anpl i fi cati onTheinyensipnclso prowes edmpasitioms gué kitansediie e aetbods descritied art for

attachi chej ds to a solid substrate such as a ss slige. One
met od 1ergt” T SoBfodonsindl b sorbiteehic. arisganihuf al0/Brfumediino oty
that is desritiedehepdin alstwadiiRiny coMbiatioh! HoSeRipl@ i infeifibngRoRlesd™ Ne group,
a derivative of an anmine group or another group with a positive charge,

i nt o t hCHIAIFILON £QMPPSiRG @) composits primery hehergim thiefdompogiteophiroer dosprisesan

o act s | S V1S I |j.de, which is coated
vmp{bth anqgﬁéﬁm@%g%%o ﬁ%r%rgélgt %nv%%%egﬁﬁﬁvmgttﬁgiﬂvﬁ1%1?%‘):& ®Roval ent 1ink
wi t h t heompasition eomprising alvampositoprimbe wheRin fHeR@mpositisimandnheceyEs’-

coval ené#%ﬁattached tg,nﬁg'e gl ass slide. Oher nethods, such as those using
ani no. Rprtonand a3 DNy portien.. [nonessmbodimentqthe RN pRFtiands ediaceat 1o, as

di scl 0sqge BINAL AN L mBRTIHG Y 3 . " -
http://cmgm st g?llg{g?lg.mecu/ pbrr ovvng " At ?glgﬂﬁngﬁ?g%vf‘degraocgﬁnémf%m{lﬁ%mg?lsnrlr%ra whi ch
coul d b&omppgite pmer Whertin thercomposiveprimenconsprisss 3f -samd[B3<BNA|portitsisvgthmet hods

kn@wn i rt.. Any. at hnment t cleotides of the conposite priner
wi Il becrgl 6Irreeggtp°glretmt(§fv %‘H‘g %ﬁ% °§n%°['r]§r?glgﬁ FRIRPIS- iV eRtion pravides 2 ar P
anpl i f cabinpositibh koskprising aeOmpesitebrih@nthgs alrtiRs Baskatided BEatRhindnsdis ace of

the mcroarray. 20 The anplification products of the nmethods of the present
i nvent i SRPIEEFapable of efifesiting gfachmeant of 3 pelynucleatidesontprisingabaganpasite f r agnent s

or by atpgiﬁfé?'?@ﬁtsof?& sSh&E LR & j&@}ga%@%’nucﬁgé é)c'ic% {ngcag%’éyglh QY4 Ng attachnent to

the solid substrate, as requir or “perm
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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techni ques used. 25 Characterization of nucleic acids The anplificatgaag 2004
products obtai ned by the nethods of the invention are particularly

amenabl gybQ1/hets her characterization, in part because th are
single st ranﬁ{éd. The anplified products, either DNA or %ﬁi&ggr%glg%al yzed
using probe hybridization techniques known in the art, such as Southern
and Nor tpoetion (i sdrh¢ agbodifeendl) tRRINAfPoibnlik adjacéit t6 & BINAGobeordald BEs by
contacting .themw th mcroarrays conprising _oligonucl eotide probes. The

i dent i t PTHNDAR SARIICE. Hi SRMmeieibedimentst the terminasiongequence 53 TSQ Jpgthen04 WO
01/ 2003 2 pftfedirO ok B4 | hty- | d ] At and

t hus by extrapol atl ongﬁhnéﬁlggg%@?é/qu? tbltk?]%m(gsghg%ac? gﬂnggé*egg}:b%gg%gﬁp?}aesent in
a sanpl eompspitrpraderdonguisesa 5t -RNA podiohangd hal’-é)NAqioeﬂidhl (irGdrthin 5d

Cormgoosi tigns.and kits of the invention The invention al so provides

coﬁﬁos; ﬁ"ﬁ’ﬁ?“ﬁ?ﬂﬁ& e @ uatropn 4@%&@6’@&%&9%&5% Inypghesiembodiments, the
compos! ofipdsiipriter AiprfelBAIRASEDNA pEAThS Ml il SheARlRhinkHIGATBA! at @

descri bed herein, as any co ation. For exanple, the®invention
pr ovi degoztion; dnpsosie embodunenss,ithe cognpositionposiprisespa) Aeompuoditerpeinters (b a
conposite,prijrer.conprises an 10 .RNA porti and a 3' . por.tion. In

anot her p@?ﬁ\’fﬁ%ﬁdﬁ ?Pg%?%? ?%W“B’PSQF. nees 2‘3&&3@%&%@@#@?%?&@ a .
CONPOSI tRoptbmGRE seqMRBEE TR 56116 emBOBRRNECHR moRFREdURASe B providdd by Or L1 on

# ' 2
and a 3' - portion. In one enbodi ment , tﬁrﬁ‘gﬁ%\m pordil on |§ aélj acN@nt to
t ) DNA FJ&)-t Inptheriembodiments, thx propramotehseqiience s provided byiade80.aAnpofitei t i on
conpri si iLte iLer., wherein,th onposite prjner conprises 5' -
and 3' - eg%or I?Ogﬁ%%\%\n W%ngra‘t"“ﬂéﬁ% en@ﬁ’i@?ﬁﬁﬁ’é’ﬂ\%@ﬂ}pﬁﬁe_ BFhTqan ) I'n ot her
exanpl esndfoheny oibeehyinddy degtitRd harei® (§6IS hs DNA ?@Iﬁfﬁfeta%b,flm%eH%mg& te
pri-mer hﬁ‘?‘é |§'fu'rther derivatized by attachnent of a noiety capable of
ef fect i POYEMTRTY- She somppositionsiacpgengrally dnpanesus fomn erefombysnee  pri ner
to a solg,faidBsidat € used in preparing nucleic acid microarrays. In some
enbodi ments, the conposite prinmer is further derivatized by attachment of a
poki ti vel y 20hehavepsdn atso grgvidescdongosizionscompgrisihg thetaneplifieaduwchroguwits, t he.
inventi royides a, compositiqn conprisi a TSO (i.e,,. any of the TSO
enbodi n%f‘g‘baébﬁ?f%éﬁ%?éﬁgﬁ; ciReniia REPVidse:s ROBHIZSPR Pﬁ&%@nsrsem er
modi fi CHRNASensd)ikdleNEARER RIS dra t&g@ﬂygaa&)ce, whidh 3R/ Bro@iERe By TRpt S, the
an

conposi tions conprise a conposite prinmer a termnation
of the methods described herein. :

The compositions are 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

61



sequence. In sonme enbodi nents, the invention provides a conpositi orsbh.
conprising a 25 pol ynucl eotide conprising a propronoter sequence, W@@" a
TSO or PTO (i.e., any of those enbodi nents descri bed herein), and may
further WONOpRES® a conposite prinmer and/or a bl ocker segaan®oo/23104 SONE
enbodi nents, the invention provides a conposition conprising a blocker
sequence §| e, , any of the enbodi ments described herein, including blocker
sequenceSPHRtel packrgede An pHhes smbodimentsos ki comprises axamposite primienemsha i on

provi dese AR del | i rinmer, wherein the
Conposi ftg pri rrergeggérr}%ﬁgsgs fé;ﬁlé%%&g%%l}e?ihgx%@ﬁ?gﬁ%agwpgﬁegcgmmﬁtezom WO
01/ 2003 Frizgk/ As01ghidddddide gomiprising (ai ternsiakoresel asticepatidss pdlheudRivfideortion is

adj acent_to the DNAIporti on); anf (,b% a termnation sequence. |In sone
enbodi nefPPrISIIE S RIGPIMQLRTiSEHICRE ﬂme may bg afs) or ASE)hdhe cemposiiepsimes, the
t ergm naty ' | @cding ' S e
cor?pTosi tlg&g?fﬁeg?%gg&npupﬁg glseaamo&-%apor {bgﬁn%kg:hgﬁ%ﬁ 4 %K&g%g%p%end(tﬁgn

cert ai n Bzpmesodtisoebaddierdineas RN gadevk piucledsialdjtrptensphdtes rltPorbonpeleddidsn) . | n

ot her e i ts,,the ¢ osife primer conprises 5 - and _3'-DNA portions
with at %ﬁgﬁnﬁ%ﬁ% ﬁi’é‘@%ﬁgﬁ'@a‘ﬁs@'@pﬂm‘?ﬁ sutghie Beffss Tihefisreihe
CONPOSi IRy useRMBS fiRfeid #kd Sequeiins hia§ oBfibAHEty méltlfieﬁbelga lof RGHaR! de
conprising a termnation sequence; (T) a pol'ynucleotrde conprising a

pr opr onvtusleotidaanatass that ipew insomepathinrivtet sspriméreexersipngodwt effectuence i s

pri@vi de 8. 10 PTQ L0 other .epbodipents, the propr ter sequence is
o8 dedemndliohnlsteobdl RinBerilian. ORe s atart FEMa gy ek FebedBnpiese

t enpl at eas@wlty powdeiualp @ogl&%&édl,%clﬁ@ﬁg %ﬂ&gknt@wCﬂromys&Jﬁomﬁue nzymes
descri bed herein (such as, pol ynerase, RNaseH, and/or RNA pol ynerase).
The conp®eYifs {5 & reagentsohetion hayingthe appropdate cpngenpatidns fabpsrfarming anyuift abl e
buffer. L | S I 0si.tions.conmprising the

anpl {11 G eEBat BERbHrgh 2 Bl OhiiRa GRS AR 1 SE PhipiarBiosn

pr ovi desomepompbadritocandfe dohbifedihions esmaneowherlNfoss sens®)ty ARl €l ke Whi ch
are copies of a target sequence, which are produced by any of the nethods
de‘ cri b 8rein. The conpositions are generally in a suitable medium

al t hough 't heyrne &is B tHeinvdhtib AR doti ' Srdtsdhe ob e, but
are not limted to, ac?urelous1 neggii}ladﬂ(ngﬁ% .%gma%%%{(\%g{ler ogh%l%Fl?%lrﬂg?. The
i nvent i oymandnstaistions, athqugh elestropicrstprage medie (ergt, nogsetof disketteionwpti¢al on.

disk) containing instructions are also acceptable, relating to the use of components of the

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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Accordingly, a variety of kits are provided in suitable packagi ng. TAARIZ00E
may be used for any one or nore of the uses described herein, and,

~accordi Rgd Y2008y contain instructions 25 for any one or ?Errﬁls&i/zs%'ie
foll ow ng uses: anplifying a nucl eoti de sequence; sequencing o anplified
pol ynucl eoti des; and detection of sequence nutation in anplified

pol ynuckeegdutitespradiie the methofis tiselosaiMen¢in@nd e ip firther optémize. thaefsitiony ai ner s
conpri si an conbi nati on of the conponents descri bed herein, and the
fol | owi g’é?'r%g\é%&arrpl es of such 30 kits. A kit nmay conprise any of the
conposite prigRL 1 { . i aki ri ses
Fub o Tor 6 conmoar ot sy PRV Sdtems R e RN OIS0 v
01/ 20033 hexeHysIsms/cRB1POse varfoms sombinapionsafifbe compomdnedisantrddiboent Bor a ki t

i it i d i i ti f.th

dedbr | b et e gRpinrngs, B ipFencioR proBAb e TRl for BIOSBFPRUC eot | de
b otoicnaid _ . oy

conpr i s kdigetpolyibiedadé %ué%@'mltgﬁ &g@?ﬁ%@%ﬁi&ﬂ}ﬁé@&uﬁ%ﬁ%ﬁbhﬁh@& a

propronopter sequence (whic L PTO or ite"primer 5
may be (BB<onpgsite pimeray ofithops describad herein),dp) Ddapolymerase;and (eny of one

or nore e s deserihed, herein s well .as deoxynucl.eosi de
tri phosgﬁé?‘%cze%ﬁ%dﬂ%%/ogﬁ %&Ougpgu%iq%sysfeﬁ B‘H@?ﬁ [ATEEeS Roiy‘ﬁ‘&t}"gg"so i ncl ude
one or panprising b adrhtindishiseqientGng ©F tHosd BesFBE@ hBkein). I bsmsSRbodimeRts,
mtjml ei c acid seguencing may optionally include | abeled or unlabelled

ndd eot thesysism fygher somprispbmpelyneniensids comprisinga propromeser sequeane (whichr oduct

ef f ect tar.p ' )l rl ' nore reagents in
Che. ki ¢ Moy R T 0R and PN SDI0 VR p B 85s . BBR o P s B85S hc! L ng
exci pi epnbodivtentsmaynaldo ssnpriseiatemplakd (targes) seqlentQras desceidg@héremi0| ut i on

havi ng t he aﬁ.gro riﬁte conceﬂjt@r atigns for perform ngt, any of _ the nethods
descri bed her8f HV€ alsQ RoxHle feaction B tHEes AL eRMpAFItions SpmpHSiBS FRAStipRr s or

sorme Coﬂﬁﬂﬁ%%&g%%oﬂéim@&nbiﬂaﬁﬂ% EBhHAEs WERfiBoAhASH, T 3Ght V! LY and

shelf life 1 ermt. The kits of the invention nmay optionally i nclude a
sdf of pmbedimentsoths inypation atdvides yactioe miktusesrapotrirising, (aph polyogtieatidect r oni c
st orage ] . netic diskette gor tical | S ontainin

i nst I"UC{I f%t&a(ﬁjzagf)tsngongc@éﬁeék?f’@?tlflgg&% wg‘?‘d")ﬂ‘u%“ HeRS of the
met hods () DNA@oheaast Asdescribedhefedi, ahof i @iRRit pihRmALhEin the
anplification, and/or, as 20 appropriate, for using the anplification

pr oduct ¥afien mixtured@Ea plgality of enmpasite prBtess), weldingod eaynposite prmstt i-on of

Sequencgomprias LA RNA ‘f;ohﬁﬁtv\rrﬁf@ﬁ is%ﬂﬁcé—:ﬂ}% welesh IS‘NN};&H&. k.’i"ﬁe 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. v
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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general ly include information as to reagents (whether included or no§ MAR 2004
the kit) necessary for practicing the net E_ods of Ej/he pr esent ajut(:)n eaction
i nt i i uctions on howto use the kit, and/or appropriate
LQXSi ti 3&9_05/3@3%6 conponent (s) of the kit may be packageRfT/¥S08/3§104
conveni ent, appropriate packaging. The conmponents nmay E_e packggejcrzlovi ded
. _ . . . o Ki )
For practl el g T o oe) duemblRieuad S 6}d Aapos Fhfck it iRl oot
i nvent | GHIMe KEMRNANEA 3/ RN Aqerior aridrai Riblﬁobor'tien.pﬂhé _edrﬁﬁttsjlte{pt;]igié{ irj?gscri ot on
onents used in [ prigr to
ctops. Y PARNA BEERBROER S o3 Sineihy b oo 130 AHa SThseommoRmRS can be
- ' . . t

st AL Bl Ly OBt o R oA afion SRR 051/ 20035
P /USO&’/‘%‘%E‘}(/)‘&QPW“G&%C eQmpley mayadsot domprise Iaqméynl,lc_rﬁeotxdsednﬂtnm@ znl 2(r)1d/ or to

b z.e, {tivit of any assay. e invention a )
];)lr”o'\[/lhgresp?g/rgl?gt:reg’ Sf'%ir?g% ect'i ng tKé nmet hods descri bed herein. These systens
conprise various conbinations of the conmponents di scussed above. For 5
exarfpl e, in nbodi ments, the invention provides a system sui table for
produci ng t aig‘g‘?o@b‘i"%lﬁ"lam‘?sd’ée Byide deillustratenpitirioy limit, therigention.
pol ynucl.eoti de sequence) conprising (a) a conposite primer (any of th_ose
described herein), (b) DNA polynerase; and (c) ribonuclease. In sone
enodi ment's, the. system further conprises a pol ynucl eotide conpri sing a
term nati on sequence (any of thos escribed herein). In sone enbodinents,
10 the system further conprises a Y80t i de conprising a propronoter .
sequence (which may be a PTO or TSO and a DNA-dependent RNA pol ynerase.

Any of the systens enbodiments may also conprise a tenplate (target)
sequencExamplejbGeneral Methedsy. The i nvention al so provides reaction

i Xxtures (or Lt C ri.ging,reaction i Xt ures) which contain
Va1 ous conbRaRraRal PRas B B e SR bl authls e ol wibed et
ertbodi mexemples provided dicimn provi des reaction m xtures conpri si ng (a) a
pol ynucl eotide tenplate; (b) a conposite primer conprising a 3' DNA
portion and an RNA portion; and .(c) DNA polynerase. As described herein,
any of Bhffeigonposite primers may be in the reaction mxture (or a
plural ity of conposite priners), including a conposite primer conprises a
5' RNA Buffers thatwrdre hsedsthenighawirthe éxaniphes 3¢ nfaA wie the Bllowhing ma@afald on 20

i i whi ch cl eaves RNA from an
Mt eTE M2 S R0 TR HEL TR 855 S ERAT W © |

20 TBE Buffer: 89 mM Tris base, 89 mM boric acid, 2 mM EDTA; pH 8.3
FX Buffer: 20 mM Tris-SOq, pH 9.0, 20 mM (NH4)2SO04, 0.1% NP-40

Isothermal linear amplification using a single chimera primer, DNA polymerase and Rnase
q L

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 IA00S, 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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hybrid, such as RNase H. A reaction mxture of the invention can al i VA
conprise any of the polynucleotides conprising term nation sequencés R 2004

descri bedo bptgss. Another exanple of a reaction mxf‘””gb%m%@%zs?md' spl aced
pri mer extension product (and, as such, contains at its seqguence

conpl enmentary to the 3' DNA portion of the conposite prinmer, but not 25
sequenc @’S"Qeéw@iﬁ#? ahgomcclemde KREOD bA® 1 SEhisaf5 Stiner mcgqnusleomiemmhm) (b) a

ol ynuc onprising a propronoter sequence (for exanple, a PTO; and
F )yRNAlsg(gjePgeerr%fr:ase O her reaction mxtures are described herein and are

enconpaggAd TECTARTACPEITCACTA ﬁfﬁ PO TATE T AT AR Afi@@r%‘i?' tions
corrpﬂ)sgg of the corrpl exes g|g(g:“h 3(§gare I ntgler medi a?es I he net hods
descri bbEPQWe&éQJ)D i bed herel n. The conpl exes ‘are schematically

630 - 5 v 5%%“@%%{7%@2@@??‘?@869%@%% 3 B Blavaehoiin) " °

t enpl at heasthrgand() "@o9L B)foR1 6 SEPRSA R l%ﬁimﬁ%le ﬂﬁﬁh&l @@@?@éﬁe%m S0TE"

corrprlsm .a_3" DNA portion and an RNA portion. Thé conposit prifrer may
have anP Bmen).che whatidon inixtares avede eatjlatdovn tocs 5 O605C obIS Q) as HéseribedThe

conpl ex. co ol ynuc] eoti de conprisin atermnatlon
se(r:|rBenc<'arp?'\é u%éfvgga x?‘%ﬂ%r @%P%%weé%{? tegyperafgrg, -Gt of BNage
conpr | S @ilnauEess UAln seRRREREbA%s g a%lﬂ@ﬁt&ﬂﬁﬁﬁé ol 16050 Tﬁl-%cﬁhe
follown | es are provided to illUstrate t

i A0ent | B% ngﬂmdpseeth@nnmhée RNakdaHhEpiseﬂfee’Ir‘l@hndogies mdafm t hat
re d I e also ized i er exa es

Si gvi SZ lea{r?&elllr(l)nsE%’?ers r@hgfpé’ ysmerﬁ%et(zwfo @g‘éeﬂa’trM? Yereaddednp) es
ar e mad¥herddotioniewdre liheabhed afss €65 Yor 30 iR Rk mé&a@hglh&%% pH 8.0,
1 mM EDTA 20 TBE Buffer: 89 nM Tris base, 89 nM boric aci DTA, pH

8.3 Fxresehwrwerz Goolrd 1 4°€. Repctiphs @nGemain aniQ Ml RAEO4an eriptivh Mep 40
| sot herH@g inear anplification using a single chinera primer, DNA
pol ymer ase gnd Rnase

15

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 tNTP (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
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ence anplification was perfornmed in 15 ul reactions containg map 2
EMZ'?'r isgf]uHCI pgp8 5 6.0 nM I\/QCEZ 1.0 MM dATP, 1.0 nmM dCTP, 1.0 niM dTTgM
0.8 mM dGIP 2 MM dI TP (dNTP's from Amersham), 0-6% DVBO, 0-8% gl ycerol,
0-100 ug¥M o1 ’%?:’étyl ated BSA (Anmbion, Austin, TX), 0.6 UniRc¥usoorsmenbi nant
ri bonucl ease i nhibitor (rRNasin, Promega, Madl son, W), 0.5-5 uM conposite

- l.eotide (PTO)
Pholec | CoecATdateitng %EAW%PWW eﬁé@of

ACGGAUGCGRUIGGAGRET GGEGATCBOATIOCGE4SEQIDNEG: 139 08 0: (k10
PCT/ US00/ 25104 .Pr onot er - t | ate ol O;Itucl eoti de 3}% IA015C |s a 55-ner
ol i gonucP‘éX??fY&éhy e §PIQES- Bi§Eqadsled to the oligo in order to retard its mobility with

SEQ I D
) R T et S e on e Bty L o

endynes. Smglﬁétrandweﬂhlzhg.’»i IobaseGemplAOpediced bil,r(l’(ﬂeﬁmphﬂcé’ad?{lﬁ’gr amrabl e

t her mal Per ki n El ner the reaction m xtures were
cool ed M:;Mﬁw@c G}TGAQTGEE GADGGTOGNIGTT
exanpl esGAUBGCAGCAALACGREG e %&gﬁﬁq@?g&ffggﬁﬁ, -
(dllutedfromtheSU/w stoc utlon usmga [

10 mvl TrEC @T@@GW@G@GMG@WM&E@G@G&@G@AWW@CK@W@R H,

DNA pol
o ol e ERARCr PSR R T ea GO At At CetBa BREr GeAb G Raha: oot
530C- 65' mmmmmﬁmm@a@emmémtw%@ﬁgg@gf% e Lep

cooled t " *C. Reactions can renain at 4 *

is demf@gc%‘\‘ﬁ"ﬁﬁﬁﬁe"e@ TACRGACERTTT GA'E@Bil"GfBGﬁT(E?AIAA(E’E(}A@IA(];IQTGQ‘(EC”]IIWB?at t 2$ .
e Ak R CERTRIE AL L

for 3 hours In

A 20
anpl i f i PER primeaszmt baldedrnd wd%slniéal%d the%lﬂl tQMIHiEfsS‘ir@Gbldeg"“Eﬁz /0
mr\;lpm 5.0 nM.DIT, 12 mM MyC12i 110 ug/ ni 1%%1 mM each rNT g?'

CTP, GTRC™MRFdRERy, 7.50% DMSO, 1 Unit/ul rRNasin (Promega, Madison, W)
ang 20 Units T7 RNA poI ymerase (Anbion, Austin, TX). _

Preparation 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 CGGTACGCTGATCAAAEATCCGT (SEQ ID NO:16). Primer IA004 is a 26-mer with

the sequence of: CGCATACGGAATAGCTTACCGGTCT (SEQ ID NO:1 5).
PCR was performed in 100 ul reactions containing 20 mM Tris-SOq4, 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

e

Novagen, Madison, WI). The Strandase digestion was performed according to the
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DNA Tenpl ates 25 A sequence fromthe J-gene region of E. coli Ki2 ""%SMAWI,
chosen as a DNA tenplate for several of the follow ng Exanples. Three

- tenpl at asowveee@3sised for these experinments: a synthetic Ig?/i ;,4(IA013)
a primarily single-stranded DNA (351 bases) tenplate produ ced
amplificatign and genonmic DNA fromthe K12 strain of E cdli (preparatlon
descri b@&eni“?i"’@%{rﬁdle@oweﬂ@mh &riefly RER paodyest preporcd asdnqimibsak gbovapwapacer |
CCC

pCT) USoBI S OE T e ek Mttt

((
GGGT GGAGNCY 2aAd D GGEhAH XTSI, 3 §5{a1 Idaom% #8020 CRACEKIS, & @hRifhSRd at
e

pol yoxyet hyl ene spacers se were added to the oligo in order to retard

| t s mobiraRpuRspeed measfﬂé‘&cepmftlgfefoléoxmgutgs%e Mpcﬂetv?ﬂsevaslmdlugitoee of the
es
or g&ﬁg%@ﬁ&ﬂ?ﬁ%ﬁ%&@ﬁ%ﬁr&gﬁy% f2e reesuspensxogl > 80 DESaRt. ESiRniston

CGGTACCHRSASHIAASGESEOCTRGALGAAA] rd B0 mm%ﬂ_uclease (Strandase,
GA CGCTFGFCCGFTAAAATCCCG(I:AGGG(FFGGACACF
ACCGCAT yassaddeda Aoy nere@th dmm@emeam 20 mmutes reactions

AGC TTTCGA

GG ‘m*i" g%w sining DNA sz
GCGAAACCCAGACCGGTAAGCTAT ATGCG (SEQ 1D erern he primers
arl® bol guglh %&I%Q&Qmﬁeﬂuahqnderﬁemmpeslmmm(@m VateaciapCAg tllowind RNA

on, of ar. fromP nplification
B(r)(r)zjlug? ﬂgl n&fue S %%8%8?%?%“5 T"!ﬁf“%‘%ftl’ﬁ fs Hrpﬁgéﬁﬁﬁﬁﬂq kit clatl on
) IEEFCA Bribflg, a0 velunds oFf Bigfer t col i
\év:ﬁeplrjgi[i%lagd'n %:le” mer smFAgogand I AOSO%‘ Pri m@ﬂg&g |é§ 3&2 rrer with the

sequenc @ SEagan>pOcolugin, anﬁnccutafugedN\OOOiS; S g R
T B o R Ay
( m§|4) 2 smshed twike Nt 600 @l of Bi¥febBE! (Qiagdh)) T @ﬂﬁﬂﬁndMERhérde&Ea thékbughly dCTP,

by centrifugation at maximum speed for 3 minutes. The DNA was eluted in 50 ul Buffer

EB (10.mM Tris-HCI, pH 8.5 )(Qiagen). The concentration was estimated to be about 2.5

X 10" copies/ 5ul from OD at 260 nm. Gel analysis revealed that significant dsDNA (less

than half the total) remained, but the error in concentration was less than 2-fold. The DNA

20 was diluted to 10'° copies/ Sul 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 (EI9001-XCell II Mini Cell, Novex). Reaction mixtures (5 ul)
30 from linear amplification or transcription (enhanced linear amplification) were mixed with

1 ul of 6X Gel Loading Solution (40% sucrose, 0.25% bromophenol blue, 0.25% xylene
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dGTP), 5 Units Taq DNA pol ynerase, 400 nM priner |A006, 400 nM 5' - prioM4Rhaanie

25 primer |1 A0O04, and 0.2 ul of a crude |ysate of E. coli K12 strain. A

nodi fied "touchdown PCR' protocol was used with the follow ng paraneters:

95*C f or W0 ¥&08¥Hds, 680C for 1 minute for 5 cycles; 94 *@EDUS®/Semonds,

600C for 30 seconds 72*C for 1 mnute for 5. cycles; 94C for 5 seconds,
fo 1mnutefor 40 cycl e *C for 15 mnutes

2%%];12;"%9?%? gﬁeﬁ § 9“‘8@‘&13&4@“1@9 teh¥ logded dato ca gh@slfn Relsiwezel with a 5
30 phosplittjetddioRsoVesor apﬂnexﬁmagessiﬂnafl\% llirfstg;m%ﬁ?fe&hg llis’tixrregﬁl?ge? W st on

exonucl ease gtatrandase Kit Novag
was per f geway lﬂWgeQ@ ¥7RY 9545 ndnneR GEle venDrdidv20 Gt REWetIshe 25104

above. ubestc Aale ARTRRORH Ok el Ghiglym Brorwle ot 1 T BRBCEROMMORT 120

vol Gne 3Mssp89thGﬁ¢aéxd,ZntMI@lZAE}ﬂﬂS@)6A‘6§M%dl&ﬁl¥r@%%%ker ?ng t?
uge for

-200C fo y’L % and centrlfuged at maxi num speed in a m crocentri

30 ni nut@ qy\ﬁloaswse apheangse; Ked) waciackded ithomrseseofeadiel ruhehis

air-drie n was

S6t ot oihafket ESduind 6 HaulchR STRRNBNOR e Lifkd, S0, 109, o, 166 WAL SR

(St r anda$@0, 14004 4§66,)200853¢0dk|4000, BOGE B0, RndaD08D beWEYpicsll fﬁo%@dbﬁt 370C
were then heated to 75*C for m nut es, and

for 20 m.n tions

cool ed t &Y% jé Eﬁ“?ﬁ&@ﬁ&ﬁil%&ﬁ'ésmﬂe performed in a progranmmabl e ther ral
cyqgper (GeneAnp 9600, Perkin Elmer). Rermaining DNA was 10 purified using
Q aQui ck Nucl eoti de Renoval Colums (Q agen, Valencia, CA) followng the
manuf acturer Hybudisatiomded procedure and u5| ng the buffers provided with

the kit of Buffer PN (Q agen)
wer e added tg@F RuC, Zé’ﬁ@?@‘°"?ﬁ£"ﬁ£¥h‘ %‘d} W AHOHonssHN A aradycts; Q agen
spi n col LA014&06lssRAA piddug) wefSHRA r The
filtrate vvas dlsscardie)d angwtehe %ofﬂﬁm&%g}“ﬁgtl\%%d% %ﬁ%ﬁ%&h&g(g) ul of

Buf f er Pengl da%t%bs Bﬁ‘@rb’ol\/m&ﬂndels PHEFP (aderabine B r[pdtH itphdsphatent ri f ugat i on

at Xi m ute ffer EB (10
M s- m,y“ ﬁqg&%%& @SC@%‘“@ﬁgﬁm 9@@%{!@@ 100 pe about
2.5 X mmnappmaérmoﬁg@mmr&mmﬁe sBdfené®bs:anal ysis reveal ed that
signifi gﬁ} EZ%{T than half the total) remained, but the error in
concent ratid G WQ@EQ@QB(S?Q D NOAR). Ryimes] A1 is 231 mer Wittothe opi es/
5ul in T& ﬁ’éﬁ‘g% RS copy stock
sol ution s r?ee ed. ‘éé‘?(f&ed;?ﬁgq on %%A?@%&%WJQ@@%@P]Q%)CWH r med
by. i mikabelingireantions (F0R tatahiglams) contained 70 mM Tris-HCL, pH 7.6, 10 mM

20 MgCl,, 5 mM DTT, 1 ug oligo (147 pmol for primer IA010; 101 pmol for primer 1A014),

| 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 10° cpm of probe
(correcting for decay using a half-life of 14.3 days). After heating to 65°C 15 seconds,
hybridization was allowed to proceed at 42°C for 30 minutes, followed by cooling to 4 C.

30 These steps were performed in a programmable thermal cycler with a heated cover

(GeneAmp 9600, Perkin Elmer). The entire volume of hybridization reaction was
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25 CGel Electrophoresis Anplification products were el ectrophoretical Iy8 MAR 2004
separated on Novex pre-cast 4-20% polyacrylam de gradient gels .
(I'nvitrsgeol200s | sbad, CA; part no. EC62255) in | X TBE Bifhfiesd§s ™™ Tris
base, 89 nmM boric acid, 2 nM EDTA, pH 8.3) in a Novex electrophoresis
apparatus (E19001-XCel| Il Mni Cell, Novex). Reaction mxtures (5 ul) 30
from | i flegtrophasesed i 40%melxacrylamitegelspini 166 TBEBuffar €89 M dis basey B9 fiMat i on)

were m L: I i-n ol utji.an (40% sucr,.ase, . 0. 25%

br omopheat A i HRL, g 8 38 e SV ot st (198 e restteh TR be B 25104
cyanol eplatesnoripped émplastéc wapphel msémn&h&bgrak)ﬁﬁﬁﬁﬂ BMaeeRh well. Gels
were subjected t.o 250V for approximately 5 mnutes, until all sanples had
entered%loﬁék)g?él'?o Gryernight (vih hewye) with tivowmtersifying sti®usf or 45 ninutes. Gel's
were renoved from between the plastic plates and stained in 0.5 ug/m

o Mo Bl 8¢ il B g ABog™ 1117 5 base; B9 boric acid. 2
Bi nexué, Sa' : i | . h_gel _run. This
e ker cont anoRa Al et oSyt sibfle Qpb Srinfly Bigoretgi=30,
400, 50BNa3sH, mdm‘sgbo(;bgcﬂikgr WSélsgerf(ﬂﬁ%, le&gbn Iﬂﬁt&ﬁgs g&e}fignﬁlgggqeiogad 10000
bp. Typically, 50- cou resol ved, on e .

H;F:bri é?é@?&’%‘#ﬂ“ﬁ htiRe Wa:@smag%%reﬁﬁwnﬁpmweﬁ withowpne ehthsiks¥ (1 AO 10 for

DNA ichl WBREA 5. P. ,ﬁﬁ - o|g H@ T4
;3 ynugféeag?iﬁggml?i ar%g%_fe}ﬂogl\i{%ewﬁénéllzg{l%g%?% ?ﬁs, e?%r ygask/;’&?ﬂgﬁ%’ — Egg ATP
( d8enos Wi were spikesbwith 01" shpiep hisymthetis ssDNet taygea (A0 sequante lidadkins ham

Pi scat a n RB 10218, >5000 Ci/ l.,.10 i/m). Prinmer |A is a
21 mor o). Bhed ooy PN Sty Braess sy, i
| ACL4 | wafaldd invhidedi (Tihe isdthermalligie AmplificsHoa MRS ISRATEAGGE GACAdrT

(SEQ ID NO 14). Labelling reacti ,ogg@( 50 ul total vyolune) contained 70 mM

Tri s- HCPut agdescribed aboyav TrugeidenaturasionwasTaried outyatdll Gand thedsqtherinal or Tgr i mer

| ACLO; . | _for priner. | ), 250 uCG y-32P-ATP, and 30 Units

~ pol ynuc%]gé]tlﬁgagmlgi%ags?gmﬁéﬁﬁﬁén_ was at 370C for 30 minutes, followed by

resoval of UThee@pREEAIADrodifctBRtledesaividng n%éx é&e&gﬁﬁo%k% g?%lré’g) gpoval Kit

~(Q agen, Val enci a, CAL he decaz rate (cpm was determhed In ackard

. Iane: molecular weight ladder; lanes #1-4: no DNA, no primer, no RNase H, no Bca DNA
polymerase, respectively; lane 5: contains 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), veﬁﬁed the idéntity of
the ampliﬁcation product. The linear amplification of the synthetic oligonucleotide target in
this éxperiment was done using a non blocked promoter-template oligonucleotide
(IA015b). Promoter-template oligonucleotide IA015b is a 55-mer with a sequence of:

25 GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (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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M naxi Tri-Carb 4000 Series liquid scintillation counter by Cherenkov
counting of 1 ul of 25 the |abelled oligo. Hybridization was perf’cﬂrW&dZUW»n
30 ul reactions. Product DNA (or RNA) (10 ul) was added to 20 ul of probe
m x. Red¥Pi%RW3Eont ai ned 100 mM NaCl and 106 cpm of pr ob@Crousooesmi ng f or
decay using a half-life of 14.3 days). After heating to 65"C 15 seconds,

cool 1 no BrBetSE s HAREE B eBGERSeBlior s oo hnnaBat e e AL o rmal

cycler Mda) a heated cover (GeneAnp 9600, Perkin Elner). The entire vol une
of hybridization reaction was 68 WO 01/ 20035 PCTI USOQ 25104 el ectrophor esed
in 10% pol yacrylam de gels in 1X TBE Buffer (89 nM Tris base, 89 mM boric

aci d, 2 oA Wdnfbrd 1ty igooved from the

gl ass , B PRt e X POSEa—6 8+adi ogr aphy film-

( BiSoMax aviplificadink)anal tra@@piptioner ni ght (-16 hours) with two intensifying

screens. 5 nple 2: 1|sot her({irﬁl linear anplification Isothermal |inear
18

anpl i fi cati ont AfRIAROLErLsmplate ApRsdeatide (P TOR pontmpmtwpo essemtid sequen®ase H,
and TSOm6tif! LEX pfoniisr %ﬁg%%\ﬁl?%AKT%?{G&@T@A@T‘K’F&G&Q%%@Q&&F%r eaction -

conponents, as describe as we as reactron mXx t one of
the key NO@@hamtn ssquincesomplepeatargtothe ssDNARMapRtd-IFoor véisiandd¢h PPy mer ase

(Panvera, Mdi.son, r i i.th 1010 caopies of synthetic ssDNA
t ar get eﬂg%slgnegé&%&rﬁzv@‘?% Eﬁagralﬁgk%p%%ﬁ PTQ ipagdmmgandbasaol reaction
cant ai nise?leabéof;he reagents and no target ssDNA, was al so included. The

isothermal linear anplification of target DNA sequence was carried out as
descr i b&HFAANETAATAECACRGAGTATAGGEHAG AGATCEAGTA GETCOGGT ADGCIIR

i soth i £ i bl 650C. 15 The anpl .cation
br oduct CARNBATCE 8. Efld eI comig prasepeess i pddifigme.
mol ecul & thesioghT7 pauiatster: alsaaasnsidn ¢'-GTA DNEC (SEQUD N&-21)8h %e{%’-no Bca
DNA pp%@g A}é&i&ectl V%Ieﬁ; | ane 5: contains all conmponents) . _
anplifi %ﬁ' SEQIDNG229) batweenthe psemotenand the target BWARout pri nmer,
H . e : ‘
Zl?tg g(raad f%? %‘%ﬁl‘gﬁtﬁ%ﬁﬁ Bﬁ?ﬁgrl O@ggﬁo%@%e@&%%ér ’Irl%aélﬁgg?}%{%ﬁ? ? cation
t hod, extensihwand the spi 14065 PTanks the <& [OfA, [ , RNa H,
BEI;IA gol.mfgg " Ra@p{z[el (PI[r ; quﬁggéns al lnocgrl gﬁrentglf ve?ini ed "
 the identttiA P GHE §f¥|6‘1 ﬁ%ﬁﬁ@‘&g%ﬁﬁ’c GCHRATE ARSCOTIGEEQMDof t he
- synt het NG:0bj. Jamugh g0 igg@%&%hﬂcﬁcoﬁtﬁ?ﬂ@%%érﬁﬁﬁ%ome%ﬂﬁoﬂ?i ng a non
I de

bl ocked Krom)t er-tenpl ate ol i gonucl eot
IA012b PTO has the sequence:

20 TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG
ATCCGTG (SEQ ID NO:9). IA015b contains the extension, but not the spacer. The
sequence of IAQ15b is disclosed in Example 2. All primers other than the chimeric
oligonucleotides IA005, IA019, and 1A020 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 1A012, 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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(1 AO15b). Pronoter-tenpl ate oligonucl eotide 1A015b is a 55-nmer wthg#AR zg[]l,
sequence of: 25 GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG

- (SEQ | Dwowy/4b3s The anplification reaction standard rea@twmgoggmpnents
used for this anplification reaction are as given above. The initial

denaturation step was performed at 70 *C for 10 seconds. The reactions
wer e com T\ﬁgﬁ‘; W€MMCCMMGWWéME€M% for 30

2004 vo S P GR e RPN RS E VE AR e Ran P R rol
reacti omn(anmﬂ@mMﬂi'np&l@leH mg ﬂME{gﬂéz,ﬂin;/ﬁ@a%h %’F Q'SFTP dCTP,

rne
ol 11§ Tl e EAGE 00, B Ormad p Ui DNepalsmerase: Bossinsverede ( PTO
(55 Tha ”%x&%ﬁ‘&%@i@k@c@ﬁé@?@e%?% e oy U ST O BBt forent ar

to the s9fAAteramidaion of INA P&irﬁér@&s réaktiGnsFlére indibated 2% 60Tedr 66 Alddes.
| AO12b, IA015 IAOl(ng) | AO PTOis a 67-nmer and has a 10 sequence of:

GGAATT Wm/ﬁ@ﬁ&i@ Rm&mﬁprﬁﬁsm ( SEQ

 promot of'®® 1@*8 Bl i SR rY 15oRrS b oL PRy (5 -
ATCGAGTAGCTC AsShwh h Nguze’) L ARt MeRiledult® Wi ghiPdRler; élékdestiis MRfiget DNA 15
corrpl enent ary sequence. | A015 is the shorter PTO (4 mer), lacking both the

0" ext €xtengian proguetiEom JAOL2, IADA&QAﬂTi) IﬁQéSIP,HQSI@e%Mdﬂf@nQﬁG-B RNAI roLoh
TAATA BT _
PTO i %r %ns e spacer Ebut nd?ﬁﬁ%b éx%pgﬁé\'eg%? "1 A012b

PTO has sigetficantiy mmnteRNZ’Dwas produced by the transcnptlon substrate przc_}_uced Wéth ﬂéeE
TAATA GTAGCT CCGGTACECT CCGI
NO 9) . Isﬁ W&ﬁlﬁ@hy gither BﬁMW@t(’ftll‘?@ lgbagélﬁ P Tﬂ‘@m@@q&ence of

o1 gonuc ot qagof Rutior BEGRLE (ANTN) pRAR! derb ol B S LIIAD

(Bvi si dnalhraseg; h@S@Mﬂ‘c mwitinle prosiucis nppearcdtimaddition to € majod RM&& barElAGE

PUrt t! ehadPrd\as ggs[l JRGEREthe SartSeqhlticd a8 TRO1 36, B3 With oF-blbing Froup
~(biotin) to eliminated the free 3'-OH, to demonstrate the improved performance of a 3’-
blocked PTO. Blocking the free 3’-OH of the PTO eliminates its ability to initiate non-

specific incorporation of a functional promoter sequence to the 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 1A013, 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
(IA015b), 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
IA015c included in the strand-displacement reaction. When the 3'-OH was not blocked,
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The ability of I AO 12, |1A012b, | AOL5, and | A0O15b to convert the ssDNA
tenplate into a substrate for T7 RNA pol ynerase was assessed by corrpeerQ%l’
t he am)u @]}lA produced after transcription of overl ap-extension
product s Po'ﬁ(%g between a synthetic oligo product (1A009PCHNE0L5EM of t he
PTO s. Synt het| c oligo product 1A009 is a 100-ner 30 with the sequence of:

égIGLSOO’ 25104 wm&%ﬁ%ﬁ%@%&%ﬂm

TCAGCGTARNA badQIn comast, 1 blocket PEQ-peoduend primavidsa piagle®@NAGroduct,5 ul
reactions containing 20 nM Tris-HCl, pH 8.5 6 nM MyCl2, 1 nM each dNTP
(dATP, dTTP, dCTP, dGIP), 100 nM |A009 100 nM PTQ, and 1 Un|t Bca DNA

pol yner aBRampRAk L ARIIAifIANSn D & relsdhiéhoblol B0 his Botd DR yREaS . heat ed
to 95*C then coo 3 ' ‘

pol§rrer860 “Cfor 30 mdnuées A portion
2.5 ul f
'E r ansgrl) pt(:) i ohﬁﬁr reag“(qugﬁ%ﬁﬁg %gerﬂﬁgﬁf: %89 m&#&gtlﬁé%rééw P¥srRigheine

assess eth)mtcheiNﬂleﬁédi@ﬁh Gendirfic DNA $2A911dtEH by B1bSnle dikdfifoning 0! ecul ar
: 10 extensi on ‘product fromI1A012, |IAO

wei ght de lanes. 2-5: overl ai)
12b, IAO ubilizetion in aﬁb%qfélm lysisysolutionéBadozs KirMoletulanR¢sadrth Centef)12b,

| AO15, | LAO15b, respectiyely i fi.cantly
nor e Rl\lAéglégmpr cgﬁ)cléélolg&ég % ﬁ% ?é@%%cg?mﬁ? f%ﬂmﬁfé'g‘# Bo&© 8d§88§-‘/39a€fﬁnﬁ he
shddt er WaE coll¢cteADibeenitrfibation 4hG000BYg RirtShainueds. IRRIR1ISHE Web@iedlspeddia PTO
cont ai nilga? the 5'-extensign but not the spacer (1AOlI5b) pr oduced

denonst r'GgPaFtagy ’Q‘ﬁ éiﬂgeﬁl‘é? bufferrandpcubateda 581G fog 39awinuteswdbe resulting ﬂysptee
product sywaPAERLE 'eﬂd %@q{et dlggstxog vatﬁmf% EI%NA&F tq{A ugd{g:egt% 8‘5?5-10

desi gned haV|ng t ane setjuence as
(biotin) lysaje wlas mu:ﬁt\enh 4ivelumeofDNAEI] rdagertqMuIEdul & Resédteh Cemerved

perfor Z%ﬁ] ked grl'g) Bl ocking the free 3'-OH of the PTO
el i mi nat glqnpgu ‘?"t‘f}“? gtefl for 45 aninyigs a‘s‘ﬁ@!ﬂ temperairer POYAwas pregipitated
f URS | OnfRdm BNTRItR tHOAMRASFof 06 YBRATBL LIS ABL pA@%HﬁL afifln £GA1 NQ T O

non-specific generati'on of transcription produ or marice of
3- bl ocke®inutps gt 1pep! @Eﬂl’@tﬁtﬁfﬁﬂhe predipitaethidNAeas salidordrisd cehtrlf&gdhon for 5

ol " gonuct mafe st R AR SAE b Wiens Sl o The POVA poVG weprgsshe dvihdite PO

(1 A0 5C)ethmnuua&dﬂcg@&p§mpbﬁl ﬁéb@ép@ﬁdéafmawﬁu TER N ( %M‘ﬁé%cfgcu dr

signifi cantlé | ess backgroung, shown in Figure 8 (Lane
wei ght | landye ﬁarbéféleegngzat 0 -Sﬁd: 80 Iﬂmummthﬁ;eqhwagltzﬁ;onla’hemesu[i?kkg 1 h;

L agips 4. sofution Was Bhésed ;ébea s t?xrodgh %0 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 5M ammonium acetate and 3 volumes ice-cold ethanol. After

gl’ oup

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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1010 copies 1A013, 30 mn; lanes 6, 13: 1010 copies 1A013, | h; lanes 7,
14: 1010 copies 1A013, 2h; lanes 8, 15: 1011 copies |1 A013, 30 mn;

-reacti on¥obi/Zo088r e not bl ocked (1A015b), reactions 8-15 pygy OQ)Z%K&(MAR 2004
(1 A015c)). Negative control. reactions (no DNA tenplate) . and reactions

containing 1010 copies of oligo target (1A013) were anplified by 30 strand
di spl acenment Mﬂmﬂmﬁw hours at 55C, with either 1A015b
or |1AOl15c i L an C 11 o0n. he 3'-CH was
not bl ocked, r@? %nggﬂﬂgewg]i%?"%ﬂb 7@ ﬁg\hle cific RNA

was pr odieagdredrbyclidating a6 950y §in@ks 'bg%a,ﬁ f fs SpeCl fic
RNA band. In cor%"fl%z:lsltg t he bl E)cked Png!:Do?%gu lgrclb{r;rlgé%?mcg %E]

pr oduct S“E'k‘%ﬁ‘i‘ﬁﬁélplﬁte RNA plsb vas diduted to 20 Jeopiasé Ssle Reastions whiE. assmiblecmbno mic

by t 3e ear a lifica n DNA was isol ated
fDrI\Ig5 m 25 @ ta"?n@ﬁfge]irdmiﬁ [B}Tﬁccﬁgégg)coﬁ’reé EBRAIIRIYME in  Trypt one- NaCl
medi um GenOMpﬁﬁE‘ati@Swéssp&ﬂhﬁéh V15 MSO£N1HRs beﬁﬁﬁid mnéﬂq t}i&' zation
in a ch ot I‘OEI C SI s sol ution (Bactozol Kit, Mol ecul ar Rese nter,

G nci nn ﬂger@é\lPPah@flaM dCTP; hondﬂdﬁﬁ’ﬁ’@ﬂéandﬁmmﬁmM

i nt s @?Wf’%?fg%?seh%% OBl s el berel 300 el eebid B8 8 or anc
| ncubat ({Anﬂﬂorﬁ@(ﬁsfm; TXY, 006 Uitesl readaﬁblhmﬁﬁdnaalewﬁﬁl&toﬂ@mséxﬁ@froﬁak 4 he end
(; \%é sti t hout any visible clunps of_ undi gested cells. T%
'y S V.8 WM Sormsi s LASNSHseaeaen disclogerion Sl ll?f%ﬁhrMh
Ce
ORA s Py oieb et OleofieddE UPROPAGISG Gy bbb EPisRsp BMen b

i ce- col. Reactirmsovere M&mbladmlﬁbaﬂ cmnpdmntﬁexcéptﬂhéﬁﬁo aizyrﬁé@ m&etmtlagw e, the
centrifugation for m nutes at nmeExi nrum

0 nghp: ﬁgﬁﬂr%ee“@fﬂsﬁﬁkbg‘g@%ggm% e erv(@n%@n@éomermmem hano!
f Bu H
SO0 | HERAORIRLR inAlhcd R UDRERASO rhiBures Mo, SiRHE KETC, O I RNAS I+ P

agl% ati ¢05 Umaslddateldtfrmg thi(5 Bhil slotke Bolvwelen RABG LM TeRSRCIEFH)8.4,R0940h a 22
gauge S%[I %%E %& dl.e to shear_the DNA and _reduce the viscosity of the
sol utio nﬂi’% }CF%‘F%EC%'&’PW@E‘#FQ@%@@;)W ItGrel BegddNAi on - of 1/ 10

- volune gfi 0 I@%}% et.h fter

i ncubat |9on at 0 *C 6?%&‘%%’? é)ﬁDm \;\w/agges%dcﬁéﬁecg‘t?gﬁ d ?@Pﬁ‘?q ugati on at
©maxi rrummpbmbn reactions were-cooket té 4'qyeA véhind6f 3.6l M@siraﬂ@%ﬁ?ﬁc&h&ﬂ 75%

et hanol centrlfuged agai n and 25 resuspended in 150 ul TE Buffer‘./ Two

di | ut | oREOGUEE ves asided do SaghrRN A teapsarintion seactiom(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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measur enent (Beckman DU640 spectrophotoneter), from which DNA concentration
was cal culated by assum ng 50 ug/m dsDNA produces an O D. at 260 nmof 1.
DNA congentrations of the two dilutions were 24.2 ug/ 10 ul and 2476 'M§/200
ul. The ¥ é’rl/grﬁﬂé’sof t hese two neasurenents (24.4 ug/ 10 RBOT/E¥OREWHoNds to
approximately 2.5 X 109 genone 30 copies / 5 ul (5 fg of E. coli genomc

DNA = 1 copy) 014200 25104 MAR 20Q4. | sof.her al enhanced
| i near anpl i ﬁ&céésﬁ?a%hkﬁ\%%g&s(gﬁ%ﬁ SrquGPeEOr £FngEt H‘Aeﬁyh? efggt}ce 0g, or

107 copiissthermal linearathplifieatidrimethol vf fiedhidiionGs M@ ihFighe W QUAES: d0! | oned

by rapi d%@ ngiﬁln%'gg& i ce. réi%r;gl e- stranded tenplate DNA also was diluted to

109 copi » 506 < R 0QPIES, RENQBdANAG lane 3: empiyalased: A0 @miss B.opli 10,

109, or C Ofp) qmﬁni : 1.on: .perforned in 15
ul r eactgi?egﬁg%c%ﬁ% ] %gﬁggkﬁ ri S&i}@% ‘Bﬁwéa‘%é ?og% %&W@gfl"l?t Crivi dATP, .
1.0 MV d@de. 1.0 nM dTTP, 0.8 nM dGIP, 0.2 nM dI TP (dNTP s from Anershan),
6% DVSO, 8% gl ycerol, 100 ug/m acetylated BSA (Anmbion, Austin, TX), 0.6
Uni ts/ul reconbi nant ribonucl ease inhibitor (rRNasin, Pronega, 10 Madi son,
W), 5 UMGapIRSS| KealRAdidlEss theQiRced GISHHGEF]

pronot er-Tenplate of f gonucreotTde (PTO ‘ e—tt-Sscroset
Exanpl e iggthermmaldindasamplificatios senbl ed with all conponents except the two

enzynes. Aft eating to. 99 or, 10 seconds .in a pyogra bl e thernal
cycl>/er (Gene%%éf?&?g’&&q{ieﬁ%%?e yhree ?%ﬁ%ﬁ%‘é‘%ﬁg@f} I Z‘%ﬁ“’&t 60C f or
30107 nutrReth&lpasT thé irdeRidiowSOR ess&Y. Q’h@'iso@ierﬁ%?ﬁ&aﬁmﬁalig@astﬁﬁ WA ﬁegﬁo%é&’t ed

fromthe 5 U ul stock solution in 10 nM Tris-HCL, p , 30% ycerol),

Hybr i dad® 15 phreagtionscontaining Lo 1M JLriskdEl, pbI8.5)4.9 mividMgCB, LD nefd ATA 1.0

pol yrmer LG ny r. } dded. , At the. e of the
60C | n?ﬁ aé?%%,lg{?g%tdﬂ?%s&\?e@g Aﬁg‘)égﬁ“gx\' Ei’?%'(a‘ﬁ‘f\f‘?%&ﬁwg‘\%‘rﬂ%a@hﬁa 4 of

st r and- dPMISI0p 8%nelyteroh 00l ug/mlwasty RUSEBS A ¢A Bdidh, RANAiA,"BXS 016 Bhitgnl r eact i on
(total volu 20 I}l. RNAirﬁg transcription was performed using the standard
condi t | SROTIRIBARL chehilcasp inietor Sl PromegarMadisongWi). 3 eMimosoies

sufg i ci g4 el ' Sl i zat i on
(16 Ul ) PR A probef e SBoRiigfint S O) HAch SR T ShfencXFRID ¢
target, IANGSC imeis¢loseddn Example IgeHunsequéisdoficampatite@rinters 00te@bater)is t he
v P G BRahbIE 1700 IO BlimE G5hentes with pbaStmencal hames are”” '

as follows:
_ 1A019 (20-mer) - ACGGAUGCGGUCUCCAGTGT (SEQID NO:2)
20 IA020 (21-mer) GACGGAUGCGGUCUCCAGTGT (SEQID 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 (SEQID 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. 4m. Chem. Soc.
120:11820-11821 (1998) and Scaringe, S.A. Advanced S'-silyl-2'-orthoester approach to
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The formation of a defined stop for priner extension can be achi eved A'?;‘Z,QU’»
bl ocker, which hybridizes to defined site on the target strand and can

be di splwoaa2tpsst he pol ynerase. Alternatively, as in thg §d0exanpl e,
a GC rich sequence up streamof the prinmer site, provided a stop point for
priner extension, thus leading to the formation of a ssDNA 30 product with
def i ned RNAmligonurlentide symbess Metholt BAtyiol RFTEESS)). PritderSweceBAGE
anplifi rc@},i of a defined sequence of genomic DNA by the enhanced _

i sot her Fear anplification nmethod of the invention is shown in Figure
9 (Lane 1! naRedolibhs WeérdassémbldwiR RIl 86m ne‘ﬁ@ dxcERRTWo me'saﬂﬁﬁ enpty;
| ane 4. 108 copigs E. coli genom c DNA). The ssRNA produ 'S own to
hybrl di Zeatieg t9 Bb@(folfliocﬁewlidgoma@t@ammbleﬁhmbeycl&(ﬁmbm 9680 AParkini on of

oar  SHEDH FEEETEPeIR BO3EH R GHoC ol Pen aibing v emesspos D68 pr i rer
in the il bf REGIIGRACTRLRAS 5 Rt A6uie INEIY Bl MBI BROGEAEE solfi6n: 10

i sothernmal |inear a I cation was perforne
cont ai niml 'E@S-HKZI SToH 8:5H80% ghydetol SHybridhsatheldp6it@ble RNhse M, @pidentrd. 0 M dCTP,

TP P's f A h 6% DVSO, 8%
él Sc?r\ﬂoﬁ]- °%f§7 W‘g?é’t Wg?%gyéi“ (d@&r HZ!@E“?Of?Se frée)élsul 3’%"@% ts/ ul
reconbi Ngadisd, Wﬂ%‘r@@(ﬁféd'ﬂkﬂt@h&tﬁfm@e@ﬂ%r\&ge a3 gonuc oti ggmtx%%_d\ﬁ uM

conposite 15 priner, 200 nM pronoter-tenpla | AO15C.

TH® seq ubaemd mﬂthPiE@bdtMJ.&ﬁ‘cucms diez€ besleditol 41C xRN &ansthptiGe ORRACE Of
conposite primers | AOO5 (20-mer) is disclosed in Exanple 1. Q her

conposi tEIBLIIRteR V@éq’eé%%%i %3f7 for Hmmmdﬁo&lreammcmmnﬁ Saldfows: 1 AOL9

GacooA LR NIRRT o0 B0 by ence

wer e us@IT,H2AmM Bigby ltmug’nﬂlﬂﬁmm ERBIINTRNRTP, UTOTFS Exipences ar e,

Gl (SEQ D NO 4) (2
gﬁ%&%@&éﬁ@%& IDURitjud RN asin @rom@%&myai@d@&ﬁm@b | D

N@s6) 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: T1A015, 60°C; lanes 3,4: IA019, 55°C; lanes 5,6: 1A019,

60°C; lanes 7,8: IA019, 65°C; lanes 9,10: 1A020, 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 térgef strand, and differed by the number of deoxynucleotides at the 3’-end. The

highest yield of RNA product was produced with primér 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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(4) GACGGATGCGGUCTCCAGUGUCCA (SEQ ID NO 7) These conposite priners werpp 0
synt hesi zed by Dharnacon Research, Inc. (Boulder, CO. The RNA portion o

t he ol igonucl eoti de was synthesized using a 5 -silyl protecti-ng group in
conj unctW8A%%% an acid-iabile 2'-orthoester protectingP§AAIHH0/25204 30

bi s(acet oxyet hoxy)-net hyl ether or "2'-ACE" (Scaringe, S. A, et al. J. Am

Chem S . : -1 . 9 nd. Scar.in S A vanced .

5 ool 1 yisgve i Almbhdiite'oh Sadiched o bRl b6 M ihgnFSHHEE cells o
PCT/ USOWBe2r® depiatdtedofiorg alticoreetii eietisuat Oastion.is Masrbigetbtol prevaii ugg}hmn( in
press)). 5| rrerg re PAGE purified. Reactions were assenbled with all

conponeRiPNE and RNA, espegiallymBMNA, angdy topreventsheating ofgenoots DNA darirgtbonds i n

a progr v : r . i r eactions

nere soaragmEotBehigy  AHGLAcchCBAT AP e Bitme T Boll Sl bl B0 i ¢
of SRNas éGibcg¢ BRILybefiorh momproft souttes) i.eStAQﬁdﬁcﬁ@ﬂiﬁsh@m‘y%kSCﬁEm@ @mognt / storage
sol uti orb 10.. nM Trits- HC%, @H 8.5, .30% gl yceral; H¥ ridase thernostable
Rhase HD@5Pdiagop the fopp phgpelgicasid dasirddisnomic DN A total RINA, exmBAA eauA

pol yrer ; §had i : r i wer e

i ncubat g%qséélgtg%%%?oélgoc or 30 p%é@gsé?o\ﬁﬁ%i xﬂ‘?%ﬁ!{:ﬁgﬂgg%l g@?hgqfi{r?%@gg?ri on,

r eact i onsolgtengenuelsid asitl fromdplar® cels chn &dirbe fomnd o CptremrProfRiblstin Mudesulapt | on
was perforpmed at 3 for 3 hours in . 10 .ul reactions containing 2.5 ul of
S enr EHBIE] sitrer il Sctives ohRuASs B oy oRRPaP G RO FoTaXamBIeaM KCI
5.10 ™ Bafibria, bRadMubICIRvirdstQ) R AR P,
GIP, Amertsﬂgaﬁ, 7.5% DIVESJS%? S'lllJli%iht Slﬁﬁr?%}{é& n (Pr onl{ggﬁzla},_% l&é @Sng%{g%\ﬁc , and
20 Uni t sthese pro®egisisambe fovad dr Samhioackgsal. ovBdirsatProtacpls iff Molpeuat Riblogef t he

enhance i , Rf Lo generated with each of the conposite priners
wer e regglllt\)/%%?{)yj geéll’hié’lggc%ﬁlfloﬁﬁ fesis as shown in Fi gure 10 (Lane 1:
ol ecul ar weiAghplificadoieof the Alefified tazget hA€ldfe acRiBequdnB eScaridd ohtAQ U8scribed:

60C, lanes 7,8: 1 AD19, 65C; lanes 9,10: |A020, 55C;

| anes 5,86:. [gﬁOlQ ) \ . e
| anes 1o ipothermab linear guplificatinn, as deseabadihereing About §)to 19K sopisnisoised for
Prisner s wapRted s h%mﬁ&h {0%9}&9@%%& bof’xﬁae&gieégﬁgfgésﬂ%%@g@bzﬁdssﬁﬂagg}e strand,

and differed by the nunber o eoxynucl eot hi ghest
yi el d ofus@hr theaunpdification metodothe sedquencing ireaetion AARMre inoludeyvehe 14belddA005 and

The opt PHRTOSP bt ey FEeaeB ane g T Gty Fbelen, Aer 569 addeain B Brep v

di f T er efaction tibee OhdriviseSifleach nucleotide analog is labeled with the same label, the

sequencing reactions are carried in four different reaction tubes in which each reaction

20 mixture contains one of the nucleotide analogs. These analogé 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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25 prinmers, as expected. Exanple 6: Isothermal sequencing of nucleic aﬁ:/id
targets using the linear anplification nmethods Nucleic acid sequené@s Rt
be anal ye@oy/zoss first isolated fromtheir sources. Non 3@chjgdhdisigy exanpl es
of sources used in this exanple are animal, plant, bacteria, viruses,

yeast, or fungi. If the source of nucleic acids (DNA or RNA) is from
ani-mal feagefand rededinn corditigns fo8 opiRAIZRORIMEN @ 10f 203 ncRGBhBISOIS A2Dididgt | SSue

i s honogepi 0 nicated or subjected to sone faorce that, epabl es single
cells tgo ﬁ‘ﬁé’%@‘?@%@ﬁ%%"&ﬁ"‘f ?r(?rﬂ‘PﬁAé tﬁhﬁﬁ% Q1 qraerprewigusly deserip todser i sed
to prevent dage phailit9df pHinePbikteAdioh fJGucts R diffey il S in RBSdaricR vtV ent

shearing of genomc A during the " handling of the tissue. Animal cells
can al s&hespedhe Hoempratiameiclonaation tarminator are size. separstedivsing aBRof a wariétyom

nonr- pr of, b 8. ican-,.Ii ssue, T | ture (ATCC). . Depending on
thg forrtﬁfg‘f&(ri}g%%g%n gnci&g esiTed llﬁgﬁﬁﬁpé"%ﬁ& ‘%]IBTIQ?’ qﬁi‘g&,smgrpr can be

i sol at e@rdﬂjacédﬂvitb%dtg)ﬁhamﬂﬂﬁ&t&raﬁhl@g@é mdfcatité of the FATRE8O se@herRl of M4Pr @
Protocols for .  isqlating nucleic acid fromplant cells can also be found in
cur r ent 165 BiEeRedispaueBfecul ar  Bi ol ogy supra. |If the source of nucleic
acid is fromnon-mameal i an sources, for exanple, 10, bacteria, yeast,

fungi, or viruses, slightly different protocols are used to isolate nucleic
aci d.  FxempleT:oSequincimpof mecldioncid targetoudii® elihSiced amplifi@@onent Prot ocol s
i n.Mol ecul ar Bi Jfocgé fggr ba{;terla, yeast, fungi, and Vi rusSes. N
Aplificati oéﬂzﬂ%t onyef ths dafined tgeget burleie peid sedepnse is eastied ouf ag described out  as
descri begti i Ho . I fid QR I ei n. About
102 10 L momaE Rhcaf iy WAy ol SRkl hip @, A Akl BE R 2
deoxyr i Biheraise of T80’s o1 BHOSphat bsused M &spent it pratapromotdr fajueiidedo the

i ficati et h t he. ' ] i i nc| udes the | abel ed
TP hos BGhEb S B8erral SnREtrinliicBon. R Adadiha o the hemlrbareolte can b
added i righosplaRRRrR T SHdt Qft isel Gor th AIaNESRlindaf gxg.?ﬁhcm&' R&hdfsccah Fﬂﬂ?%g i's

| abeled with the same | abel, the sequencing reactions are carried f our
dilPt er et the PEcsentdnvantipasthe sequeneing eeaction mixsuremis@idchides the@pproptiatens one of

t he nuc J ese: € .ilncorporated to the rimer
- extensi !)a‘rf?g%&r}g%}%’? ﬁ%@&g%ag%bﬁ&,@ @ég&%ﬁﬁn@é}s%xq @t?xgxi gﬁu?qj:ﬁg{gghg% ensi on
. al ong t keown Brthetrts Fheaserare inchlprated il the Bgtehdion pRidadt B RNAPoRhReet s are
| abel ed. The accunul at ed rrultiagl e displaced priner extension products vary

cin | eng PR SCRYES SRt & PHensin ongsthe %&tﬁﬁmﬁﬂhﬁm@&@% apnceied anal ogs,
whi ch T eRE@IR Brolitidts ¥RMRUS. SARHRBERuLRAFHhHIBPR diplaced extension products

20 vary in length, according to the site of incorporation of each of the analogs, which represent

the various sequence locations of a complementary nucleotide on the 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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25 conpl enentary nucl eotide on the target sequence. Analysis of the._g MAR(%UUL
reaction products for elucidation of sequence infornmation can be carrie
out by running the products on a gel. Alternatively, other nethods of

anl ysi s W&Plﬁg‘r’ésed as well. As with other sequencing neRCRHS00/25104
sequencing reactions are carried out either in a single reaction vessel, or

in sep L Ak . T iLce thod tq be used. i s dependent
on the ni SHiARE VABRIEAdE KRing $Fed P G fes SRR o iRt Rigfe ¢ e

anal ogs nusleotidi¢ pelysirplibinySNahdhettjorishizletioasmahtheiter €eact i on can be carri ed
out in a sing&gaéfssel. }Ee consi derations for choice of 76 - 8 MAR 2004 WO
01/ 20035 PCTI 15a{108,0f, %ngﬂedéﬁ&etr% i¢ epid sesnenes is garried oubs dasenibed

per f or "BE SN ' VST r:di f th

ovent | oo anpRlGRBHISREE obf seafEalf Midbok 8 kBT URE off sibfiges. The - -
pl uT al i t3peeific primes And N polymepase cehitisiswleveil ofipkdafireddingsactioity theccor dance

ith t ifj ti . aof | ti 1 i 1 ,
separ at dynsianom oLgplificaion produeyindicalss theprvence of et seriehes efiche daiinsd »
profile ghotype Sdiieabd Vatidton RRdtH veﬁ?étl@BﬁH&Qti&][inﬂ{ S el Mnggm\g* Iotﬁﬁga‘:h of

kS
the termnator analog is indicafive of "the nuc eotigge seque t est
nucl ei ¢ t@Epinustic asid sequenesmpilé pieveBamdifcation. oThmampleficatian prbdueriget s usi ng

enhance lif ). cat i Anplifi ign of the.define arqget nucleic acid
sequencgle?ésggg anP} ralglgcf; ng{}tf%ggo e'?%&“?‘isg’{?r a?tS?t‘qnsgﬁ‘l‘ééﬁﬁf‘m_aFﬁiB%‘gﬂ&ﬁﬁ‘ldi fication,
which i seqlenes vihieln ikrioin ifithe @8, FQSEKaiipRY tHiekyRiridizatibh b §fecitR3alitied SO S OF
PTO s may, be ysed to append the fpr ot opr onot er 'sequence to the product of

t he i sotigPRealeqtids@rebes to theramplification produeids detoeted by geleelecttopheresis.

ri bonucl eot i- I . are used for the enhanced |inear
ampl i ficati o(rilﬁ r?%gte E m{& g%@g%ﬁ%ﬁ {TE—E F g}ptl%lg%%lrlsegéﬁ?uqe v%ﬁf‘ %0 ﬂ‘,e ‘%‘Fémér&ﬁ'ﬂ@nci ng
O e o S et e S BUBBREMAR: | e
anal ogs, ch are cammonly used in other. sequencin ( C

art. Th gggcﬂ;? Bu‘iq‘ﬁ‘ﬁ &F@&ﬁ%&qyanewémgﬁpewép Bﬁ"}ﬁﬁoﬂb’&g appdesigaedfox efbéty ner ase
angs ser ke wild SfRRnd hitaRr geRStyPEIrdRe %En%s *213% &Flat%xg lrog%} g NG, The

resulting truncated _extensi on product accurul at ed
nul ti pl @nplifisatipnagaetions wsing thespedifictsindds emroariied du igtdparagceadtibong t o t he

site of r i of. . ea of. the.anal ogs, which represent the various
sequencé}e%kggé 1 %%ésté‘%&nagfc ﬁ?ﬁ%‘?ﬂ%’%}“ aepﬂ@tqnggemogﬁ@qqg ¥t sequence.
Anal ysi smplifititionr radidt aindicatie ba héthoBlofl ghabiype, i eﬁl?eql'bﬁﬂftgpé ggor mat i on

can be carri g‘d out as_stated in the above seguenm nn% exanp Exanpl e

8: GenofYYRHGonezrgetss She detaehionafipmplifigatiompreduetrip bothiamanlifsatiemkactamst ype
20 indicates a heterozygote genotype. ‘

Example 9: RNA portion-based isothermal mutation detection utilizing amplification
methods

The isothermal amplification methods disclosed herein are used for the detection of
25 defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid sequence.
The methods are used for genotyping or detection of mutation leading to drug resistance.
The target nucleic acid sequence is single-stranded (ss) DNA. Single-stranded DNA target
is prepared from a double-stranded DNA target or an RNA target using isothermal
‘amplification methods described herein.
30 As shown in Figure 4, a composite primer which is complementary to a wild type

DNA sequence is used in combination with a ss DNA target that has or is suspected to have
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specific conposite prinmer Genomc DNA is isolated fromtest cells uswﬁ
met hods described in previous exanples or by other nmean known to th R 2004
skill edveobi/smss Di fferent organi sns including, but not ﬂdﬁﬂsto@/gslg?’
bacteria, viruses, fungi, yeast, plants, and animals are genotyped.
Genotype 30 specific priners are designed either to conprise a 3'-end

nucl eot AIBHRRITE Withinthe allelsainder scaviay g évhouy pe? tofabautsi§¥ciopies ofithe seDNAAC d

oo g ot 15 4 AN R bR R BALE ORRA YRR rklone i ABERRE0Y VO
genot y pekeratiyn Heesnwt prevert @k iflfal stdpftBe a&?ﬁh_@ﬁdn(c}?hdt?ﬁdgytgg F@ﬂ%ﬁe( SNP) ,

insertions deletions and the like. Anplification ar get
nucl ei c PHEIH hyladigecte the tasgat seqngnen o famm dlessfirst tretholdealar eorpplek, andtanon of

i i i b | e. i t {
ge © ehentith brofB i, L0 rhAS BRY RaRAR o B RSO e
act i vi t yxtendiel prineesfthé oomplex AThe tleheatl TIPRNMN péribRef R cBRpbdlfe P esence

of target. se%ue ce of the defined genotype. Sequence variation that
pr event STHEHAT $he BRIMEHEBensigieprgducsy RNashH ipaffeated bothelpeesenctrafat nucl ei ¢

acid se ' 1 figatl The anplificatjon.product is

det ect eguﬁg&g}rlfyrgiﬁ erﬂ{l)}ﬁ‘ I\%géllltg%{'%gt %geé § ?%8 PEGRIIEDy Pidiice tb‘? F@%Enﬂ Pgﬂ’ﬁed
nucl ei cclevagel Theagutsierof bihdiah of 8 ckmnpusitd pritbieoahd conffléx B By dizatione

hybri di zghlegml%‘ specific I.gbel ed ol 1 gonucl eotide probes to the '
an) i 1i 8hieon ROFO@0RIon is inhlbited by p h for dae bed abeve: Bhes  wher e

t he gengiayppitnef & d&rﬁi j B i erm nation of
honozygot e (?ra heteer 0z %5?8%&%%t%g&&?# Iﬁgedt?rgggf %Iv%ﬁ %ﬂ@gfrjﬁ%psoo[ﬁp TR

anpl i f i extenston sfranddisplageswint arel production cdanultiplercgpics sftheanplifivationg speci fi c
prinmers I desi-gned for either 15 the w |d type and nutant genotype,
or one @égﬁg'pg{lgnu@ ﬁga C%Pd‘&gﬁﬁf&ﬁb. eFfl IsysHalized by gl sleckapharesis usi ng
t he speor dther qyuivatém nida@is.carri ed out in separate reaction vessels. The

detection of anplification product in only one reaction tube or |ess
an'pl i fi cati oRagiPrsdukich cantribufe satheehibition dfpniszey hybrdigativntingede thesizeaift her

Cwildt - T t ectd f.anplificati duct i
both R braRe e AR she WfinfGiel Br R e Be o ERRSE S carp! e
9: RNA porconsiderbd swtheidesighef thel compositd PrimdgtaeedriDB toltdchhighddOnvaMRhdvid cation

met hodsg‘@e 'hsot h&rﬁ@l anplification methods disclosed herein are used for
‘the det EtTO8HG defined nutations, or polynorphic sites (such as

SNPs), in a hAajoasosite pliftlef thafis Lo PTREsy 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

becayse 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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The nethods are used for genotyping or detection of nutation |eading to
drug resistance. The target nucleic acid sequence is single-stranded WM&S)0L
DNA. Si r\gl e-stranded DNA target is prepared froma doubl e-stranded DNA
target o ODVZPRA ¢ ar get using isothermal anplification AN 2884cri bed
herein. 30 As shown in Figure 4, a conposite prinmer which is conplenentary

to a wil e‘vetm,aﬁme%&ue&%d/&q&ﬁag. e GO RAE A A kB target
t hat has#o'r i s suspected to have' / ﬁfdt@e%%&&%%élg‘&%gﬁp%mls
PCT/ 1J SOpfieatiGsofa nammal geootypet hi n the al | el e under scrutiny. About 102 to

about 1012 copies of the ssDNA target and about 0.05- 5 Mof conposite
primer is used. The presence of sequence alteration. does not prevent the

o Bamplol 'Contling uSie A EARLEphRG A THARLEE and EbBpEYC" | o1 Z°S
to the target sequence 10 - ——and an 5 -
extensi e € 101N\ ri bonucl ease, RNase H, then cleaves the RNA .
portion of t d priner.of .the.conpl.ex.. The cl eavage of the RNA
portion of t@e@gﬁ%g’g g?%legwgﬁﬁ [h,yLB%h _WE‘ %E fiﬁ%’F‘b:%&’c"éﬁgY’BHS praserles, by RNase -
H is af flaatereindtiont dfeequeaseidenti§f bychybridizaBbe bf sp-EBiﬁé [p?&B/e iR aMfiar s, €avage, -
alter cleavage patem or reduce the efficiency of the cﬁ gavage. The next

step of AVARIrgFGUSRSIAG B rignshermal methnsk ofithe inventwaripsodar asythéygnplificatishi on 10
f the 5 L of S i nhi it ed ' fqr th . i bed
Sbove. ThoTRbRBRkAly bp bt B iNenfoflj RIS g o e SYaibbGh ger
priévent defused elrybsitlizptiond spetifierproloost Pctics Bpeificfod a defiRd £8d

production- of mul tiple copies of the anplification products.” The

anpl i fi &P AR m@g@gés ’S%W%!éh? Aer Bas pospibleip dgterminedhybyidigation criteria

el ect r ORVIAEILSAIP supdbrt QLR ' . rs,which cont.ribute to
the inhibiti on.%ufp% i ne?‘{vﬁ%??éé?%%ﬁ%dr@?g@?ﬂééﬁfﬁﬁg’f"zdé‘\ég*fgenf’ﬁge bri di zi ng
ol i gonu@ﬂ&%‘f&@@mf&mﬂenwpd agemat thobthth eSeyeart ivariationnadi smidhas aldgge factors
are congj i.n.the desi of .the c gsjte primer, according to

t echni qE"‘e‘g‘%%ﬁ?ﬁ &a%%%n{j%rﬁhgﬁ%m‘? ‘qnnoﬂﬁéb]lé?‘fl.ngﬁacé?}'ﬁﬁ&'ia#@l B ner that is
cdipl emeohsidetatich fr redi2fiohNfit B YBB6&Ich B - a2t ppation
wth awld type ss% tar g(g)_et in i E%t hefﬂ%}]?ﬂgﬁ%ﬁi{éﬁﬂ%g&ﬁ%&l@& 1ocblpdescri bed
above. FFAcHipR-dnd buffer ¢qmpositionpin prarfienlan divalens iomeapetntBiiana theymoless goak

ext ensi M@y r t t o\t e H,...nor rimer cannot bind
to the %«51}{3% ype Sg\ﬂaﬁgéglaﬁ?glg%o gﬁﬁlgygg?%ggaf%%@ﬁ"ﬁﬁﬁgth L ¥ft1e to no
anpl i f i peaties mayrbediirettly kbeted er affdvhed &P hicfibepdf ﬁbeélﬁi@dﬁkﬁ‘diﬁg p&ik ahdfHs,

thereof , i3 visualized by gel electrophoresis_ or other
able o specliﬁ:ahy%md 1 ot!her member gf 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, tafget—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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25 equi val ent neans. Parallel reactions are also run that include either
the nucleic acid sanple of interest .or reference sanple of target nbiMARIZ804
wth a wodizeepe sequence. Accunul ation of nore priner péi«mggd,gqoproducts
in the former conpared to the latter reaction is indicative of the

nmut ant genotype in the sanple of interest. Alternatively,

resence Q
\R/hen t hé® 9F§d§¥’t”§ n theqrt, ferrexampln, disslos mSambmcd@q@mgrq hBhe spscrﬁul |y

conpl e rtﬁga([ t ence of st t r

arrpnPi fi tllﬁgﬁs 0 a tar8 et hs?gg%fe?‘n%égqu? éct%%ngBF%‘ﬁf d'tjeéﬁoo@&’ g g d/ 8 MAR
2004 V\Ddetbbtbd&ﬁarﬁﬁifdedfﬁy&ioﬂﬁm&#atgoeﬂlﬁﬁi ed, and the detection and/ or
quantitative ?rm nat | on_ of rrg{llflcatlon products is indicative of a

‘normal genot yFEIclERssAgiptom e t dizatinn efsperfic penbss fnamplifigation prasurisn
Metshods aido BRRATLYME defecRAPGE b BYRRE-ARYR’ | dhdial RBihEIIRTRo s fEauenci ng

by hybridization are descri I n previous exanp
sequenc@enefetediang ptwlumbndxznam tarprobesspeeotilizedphaotidisarfpcstid datéaéd vy

hod of th t f th
a1 11 G50 PSR BS solsE AleP - 3rerpbpm b1abF K RETPoaien BRGRS i1 ngl o
st 1 andedaand daeaﬁidcu?ﬁyaaioh%?h&elea A PRRuAS thel bRl SR B RIS RES T,

probes. Probes speci fora define enotype are Si ng t hods
known i 8f paeokthe fourtrNTi’s PM@SNHIP@nalmgdwhmhm labelbg.bThel la?bat isardyey ortaegniall  Whi ch

I bri, di za t.o anp I|f|ct|on roduct s
gelper Z? g’??q%éulesakﬁ%‘% g‘& g‘r‘fgé %853 tﬁ%‘ﬁ%hj’% r?Bme‘ E?éﬁgfbncte
i zation.
The fol ”iﬁ‘;ﬁ‘?‘é‘é‘%‘z‘?i‘“&%"?ﬂﬁfﬁ‘ s g e R

criteri OWPc‘}b@ela@ngth tenperature of the hybridization .reaction, and
buffer conposition, in particular divalent ion concentration. The probes
used for the ananl ysis may be in solution, or nay be attached to a solid

sur f ace Exampltt:, GehetyppreplnesSSER (RNMEihglktStyaﬂMGd?@ﬂo%aﬁbhaC hed to a
f a s %CIfIC bi nding pair and thus, able to specifically bind to
gﬁgbherm)t he specific binding pair V\/mch may be 20 directly or

indir eCt}'eModyﬂQx%h?Ebm@G@trﬂy%% 01'1 6%@%@%&5 %1&%@87%%1 rret hods

‘'known in the art or as descrlbe ove
conbi nedsing the mﬁbO@e@mbrédlemhnd bxcdetemmnatunmfctheatest;roplmrgﬁ:tbaaﬁec| fic

Subj cot BASF e SRRLETRNA mRE MR B BR el mndgterate

conformation. The use of SSCP for detection of sequence alteratlon is widely used.

20 Genotype specific single stranded conformation is determined by subjecting samples to gel
or capillary electrophoresis. The generation of single stranded product by amplification of
target nucleic acid sequence according to the method of the invention, renders this method
particularly suitable for genotype determination by combining the amplification method
with rSSCP analysis. .

25 - Purified test genomic DNA is combined with components of the amplification
method of the invention, as described above, and target specific composite primer and
propromoter sequence, such as PTO. The combination is subjected to conditions for
isothermal amplification of the target sequence. The reaction mixture containing the
amplification product is subjected to either gel electrophoresis or capillary electrophoresis,

30 using instrument and conditions known in the art. The electrophoretic band pattern of the

amplification product is determined. The visualization of the oligonucleotide product is
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25 single stranded RNA anplification product. Hybridization of the-8 MAR 2004
anplification product to genotype specific probes is carried out in
solutiomﬂahl 5d phase with attached genotype specific probes. Since the
products of enhanced isothermal |inear anplification net SQ925104i ngl e
strandedugéhe products are ideally suited to be attached to a solid phase,
such as achieved bg irclssion of BRSLAHTCalABT. il r ; |fic
probes (i. .,.gine chjp). 30 AItprnqt?ggﬁﬁ?gﬁﬁgggﬁF?ﬁk%ﬁéggﬂ%%ﬁggﬁggén
particl e 560%?%@%%‘& tof gmplidicatiorepratitcts pentrated by atglificationrofadrger obe

hybri di zgtd . e -] onRreducts is carrjed out by various 80 -
8 VAR 20icladaci sotEn@ it E BRI e P R bt A ciiee the £ or

exanpl e, eleitsphastic miobilbp phntanks didicitive 8PRigRencENArabiHEY . e cofbBfSnbl .
Ia@gled% and Qﬁe chg&ge n.label spectral properties ‘due to ybrlﬁlzatlon S
i s ° det €0F AFPLHcAt0R E%Lofkfyeé@mu%an@r R priowides pairaple Inestizsksfoc bathiten due
to hybrigg } {4 . ification product.s is al so
used ford;l?eﬁ)g’te et esg(ﬁegn io%li'%l‘rég%iéﬁﬂ?gg %@?egigﬂ igg{]s_eqﬁggzgf,eagld f‘?‘?ﬁ tion
pr oduct spravieusly defaredigenotspes. pFleotledtrdphbietiepadrn @ khOwh habRR dcfgmobi | i zed on

solid sqgfgces IS qﬁ%gcted and recorded by conmputer algorithnms. The
gener at i SAUBFCS Qbasiined SaR0tY PSS, 521 BePisdeiguieined sind the pattean generdsed by

i ncor por b&u&gdﬁmﬂpﬁﬂai I inti st b _

subst i tul?i ng. of one ot?%t%@%ﬁ%‘kﬁ%ﬁ%&@%&é’%lp%g?ﬁhﬁt@el abel ed.
T | abgletarmingtione, or a smal| 10 nol ecul e such as biotin, which is then
detected by binding to specific binding entity, such as |abeled
streptavidin. Methods for detecting probe hybridization on solid surfaces
are known in the art. Exanple 11: Genotyping by rSSCP (RNA Single Stranded
Conformation 15 Pol ynorphism Genotyping is carried out by anplification
of the specific target nucleic acid sequence using the nethods descri bed
herein and by determ nation of the el ectrophoretic band pattern of the -
singl e stranded RNA product, which reflects the single stranded
conformation. The use of SSCP for detection of sequence alteration is

w dely used. 20 Cenotype specific single stranded conformation is

determ ned by subjecting sanples to gel or capillary el ectrophoresis. The
generation of single stranded product by anplification of target nucleic
aci d sequence according to the nethod of the invention, renders this nethod
particularly suitable for genotype deternination by conbining the
anplification method wth rSSCP anal ysis.
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25 Purified test genomc DNA is conbined with conponents of the
anplification method of the invention, as described above, and targ&tMAR 2004
specific conposite primer and propronoter sequence, such as PTO The

combi nat iSinghpore Pateh A NoIT00204E2(-8" 1 SOt her mReplRleénePhgs Of the
target sequence. The reaction m xture containing the% I |i@%o product
is subjected to either gel electrophoresis or capill he %t oresis, 30

usi ng instrunent and conditions kno _ he art. The el ecjtroplh_or etic ba][ld
pattern qfhdthecla@malisfication product is determ ned. The visualization o
the ol i gonucl eot i de product is 81 - 8 MAR 2004 WD 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 anpli fATE’ﬁﬁ’loarforo?mlﬁ%@tapwgpﬂé%ﬁq&e@@@@ﬁg@e@%F%d from
cells of téﬁ-@&%lﬁﬁ@@bﬁ(ﬂ@seqﬁé}%eQbﬁ%ggnkﬁ the electrophoretic nobility
pattern is indicative of 'sequence variability. The conbination of 5 the

anpl i fi cati on(aet hbsbadizinga singlesttanded B teﬁﬁﬁﬁe pm]ucnpiisifag the C}&iga@equ&me hod
f bot h . ' . f _.sequence pol ynorphi sm o i ned targe
sequenced s RERY BithsP s BEORE Ay o s Ega v petionsd 5 DNA

el ectrophortehi c pattern of known nucleic acid sequences, or defined

genotypes, can be predeterm ned, and the pattern generated by products of
ampl i ficati on(®f t eptomilx hypridizing aqwhpacksgtidockmpivingatermmatibor genot ype 10

det er m natq - 2004. Si are, patent .App. . No. 200204820-5

Repl acerrg%'ggga(ggde Sﬁfg?éﬁ%a%éﬁ)i Ogﬁ%oﬁ%'p%%fv% cil léga\” aespgcg?(i' A met hod for
anpl i fyi hgbridipniopvdcheainsigits pameneahe pmplasentary to a target

pol ynucl eoti de sequence conprising: (a) hybridizing a single stranded DNA
tenpl ate corrpf‘i)si n§XIERENE HheRomps Heer wilh DN pelymseastt e pri mer, sgl d
conposite prippr ¢ | -ljilag[fﬁ %FH i ' . parti on,

opm)onal I yphyE@i di ggﬁglhgltpo y% C éolf%}elé %ﬁohr?%%ﬁsclgrr? Osal%lr%&n‘g%}f %nnér_'Zg'm?e

pol ynucl €t tldeves RNk imen 4l RNA/BYIAohyteid subk thae s théreonposite prim& Wi t h

respect . 1 . . .
P il}cf]bndlzes to the template and repeats 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:

(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 comprising a termination
polynucleotide sequence to a region of the template which is 5° with respect to
hybridization of the composite primer 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
hybridizes to the template and repeats primer extension by strand displacement to produce
displaced primer extension product;

(e) hybridizing a polynucleotide comprising a propromoter and a region which

hybridizes to the displaced primer extension product under conditions which allow
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hybri di zati on of the conposite prinmer to the tenplate; (c) extending the
conposite primer with DNA pol ynerase; (d) cleaving the RNA porti onr 8ofARt 2084
anneal ed conposite primer with an enzyne that cleaves RNA from an RNA/ DNA
hybrid s@sh DINDGS) INeE  hybridi ze and
repeats g;rii %%?%?(ngg{%%%@?%?l?%%p gcerrent, mhe?éﬁgé&ﬁ?é fl‘g%"g. es of
t he conpl enent ary sequence of the target sSequence are i< 2. A

met hod f GADSERRIPR {f 9rgunbY BNgepolpmeiase cretbthpdRNAdenserints asmiedusedy: (a)
hybri di zj S r I LSl e et sequence
Weh & coompRhin Mauend COANR L Lo SRR R R oA prb B Dort i on
and a 3' DNA whereby amiltiglb copipt bhthaltdrgetiygdpreinck zrie pgoducpd! ynucl eot i de
conprising a termnation polynucleotide sequence to a region of the
tenplate which is 5 wth respect to hybridization of the conposite priner

to the tenpl age; i t.he, Ji i it rase;
npl age;  ( Ghe getiRadirRrehiheocO W?l@fe:lﬁ e(g%Nrr%g)'brtY&n dt t%n‘ﬂ%st}fﬁe

(d) cleaving the RNA portion of the anneale site priner an
enzyne phHaer i1 Bavithoresfidot tfortberd aRNRNSUridA hybrid such that anot her conposite
prinmer hybridizes to the tenplate and repeats primer extension by strand
di spl acenent to produce displaced priner extension product; (e)

hybridi zi ng a4pol ymye hReidddst LR, kwhiefth fheBF RN PBiBH i@-ﬂgaéénf BAhES whi ch.
hybridi zes to the displaced primer extension product undér conditions which
al | ow 83DNApMHRN2004 Si ngapore patent App. No. 200204820-5 Repl acenent
Pages March 4, 2004 transcription to occur by RNA pol ynerase, such that
RNA transcripts are produced conprising sequences conplenentary to the

di spl aced priger efhensiied icRaual s 2, whBRLEDYIuMHLY bpé(ﬁnv\%&m:%ﬁnﬁfs drbe target
sequence are produced. 3. The nethod of claim1l1 or 2, erein the RNA
portion B¥di he conposite primer is 5 with respect to the 3' DNA porti on.
4. The nethod of claim3, wherein the 5 RNA portion is adjacent to the 3
DNA portion. 5. The nethod of claim1 or 2, wherein a plurality of

conposi te prifers #hemethod of claim 1 or 2, wherein the polynucleotide comprising a

termination polynucleotide sequence is a template switch oligonucleotide (TSO).

7. The method of claim 6, wherein the TSO comprises a modification in the
region which hybridizes to the template, wherein, under a given set of conditions, the TSO

binds more tightly to the region as compared to a TSO without the modification.

8. The method of:claim 1 or 2, wherein the polynucleotide comprising a

termination polynucleotide sequence is a blocking sequence.

9. The method of claim 8, wherein the blocking sequence comprises a
modification 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 claim 1 or 2, wherein the enzyme that cleaves RNA is
RNaseH. '
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used. 6. The nethod of claim1 or 2, wherein the pol ynucleotide conprisin

a termnation polynucl eoti de sequence is a tenplate switch ol i gonud ¥AR ilfle
(TSO). 7. The nethod of claim®6, wherein the TSO conprises a nodification
in the Siggapordipaltery AppliNgs2 npl ate, wherpgj Lven set
of conditi o%sl,3 thgﬁTSO t?i[gds rm(?(gz({‘?gzrg_lsy to the re Re la%%‘??g?to a
TSO wi t hout tg? nmodj, fi c tidgr}, 8. Trl)}glprret od of c]ai mXAehA, ein the
pol ynucl eoti de'to e & ot clam g, pderedm thed leghids pgisiigehce is a

bl ocki ng SRS : : . R: =Y . i equence
conpri seg a rrg%??lll(grgtg }-Uci}ﬁvlflﬁﬁ ?ﬁ%l%é?%ﬁie\%l (l: c%gﬁﬁegfétg%lﬁo&? Elé&?s e%pl ate,
wher ei n, tamplate switgh vEgometeotiflie (KXM)di ti ons, the bl ocki ng sequence binds nore
tightly to the region as conpared to a bl ocking sequence w thout the

nodi fication. 10. The method of claiml1l or 2, wherein the enzyne that

cl eaves RNA i 32. RNg$ekheti®H of BhildRwieMn ﬁegﬂmrcr%o{?@é&% rég{grtPé\'O- _
200204820-5 Repl acenent Pages March 4, 2004 "11. The rret%o of claim 2,
wher ei n PHPIBPPheInpibIeh d acgiompirthe B nepdawhiph bpbradizdsdo thendisplagd primwehi ch

hybri di z S d | mer _extension product i.s a tenpl.ate sw tch
ol i gonuc?%tg{lél?o ePr?uF@% %%%EYPE\EA R@H’SEPSBFX%?SA?&?%S Gsddrimer ggtehsion

pol ynucl eatduciepredwdes b slotifle khended HRIKSBDI6% WIREPEhSeSpiod &GLAN at the 3' end
whi ch hybridizes to the displaced priner extension product, whereby DNA

pol ymer ase extension of displaced prinmer extension product produces a

claim 12, wherdi h oRensard A 2owb SRR oPhp R o hacs e

claim12, wherein pol'ynucleotide

pr opr onopeiprdracet Btacproprognis ¢dreslhicdeigbikotidd gpTdNE nethod of claim 1 or 2,
wherein steps (a) and (b) are perfornmed in either order. 15. The nethod of
claiml1 or 2, wherein steps (a) and (b) are perfornmed sinultaneously. 16.

The nethod of 1gl ai Fd nRkh@ orMERE & 2?%8&11{ &zps (Q?gnd (%?gre(p%}fo%gd performed

si mul t aneousl y.
either order.

15. The method of claim 1 or 2, wherein steps (a) and (b) are performed

simultaneously.

16.  The method of claim 1 or 2, wherein steps (a), (b), and (c) are performed

simultaneously.

17.  The method of claim 1 or 2, wherein steps (a) and (b) are performed before

step (c).
18.  The method of claim 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

portion;
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17. The method of claim1 or 2, wherein steps (a) and (b) are perforned
before step (c). 18. The method of claim1 or 2, wherein all steps-drléR 2004
performed sinultaneously. 19. A method of sequencing a target nucleotide
sequence Siﬁg@pbﬁe paten CApP N6 RG2S (5NY! € strandege i entemt Phges
conprising the target sequence wth a conposite pri gﬁfdr@ah Site
prinmer conpri Zi ng an.% qg'ét_i on and a 3' DNA portiom<sed R 2004

Si ngapor e pat & ASBtionally EQ@H‘@W@YIR@HOH@%MTI%%?MM@B 4, 2004 (b)
opt i onal lyyiyBedtiieZbRitbnde RPA Y3t GQhd S& FATRIRDS Rith G4 Lon

pol ynucl (ka)oty?de _sec?ueﬂ%él to ae%ggg}]! on o%ﬁltpﬁe terr%lla e \I}Iﬁl csﬁk‘lptg 5 wth
respect hpbridigasiondif lzt ¢ommpasite plimectnpeosinidatpy i mer to the tenplate; (c)

di th i t i i £ h DNA ase and a m xture o dNTPs
and ANTP anal 0. " SUIEHE PR rmatske BPEHERB IS PO SIS cada Biie o
I ncor por NTPR afd JRTPANIIBe&RAEIPThat pritherex8éioNYs FRRinENG R IARRREtidn i a

anneal ed conposite priner with an enzyne that cleaves RNA froman RNA/
hybri d sddAPranaloganot her conposite primer hybridizes to the tenplate and

[ t i.on..b t di spl ace t, whereb nmul ti pl e copies
of "the_ compl olnt afyoudn fiy RGP Of B BRI e shmies Sty elerae
varying tenglehes RMeA fivnahy RNDNYS hitreridieh 1ok asdtBRTohipositdpdyeh (d) to

determ ne sequence. 20. A nmethod of sequencing a target nucleotide sequence
conpri si AYPridizes te therteaplatedpdarepeatypramer exiandiod anddisplacematmphireiyng t he

B s L e A

pol ynucl eatyimpdegnhyri sing a termnation polynucl eotide sequence to a
region of the tenplate which is 5 wth respect to hybridization of the
conposi te prifer t8nalyng thegradust of wypsdrt branighddx heleteompnsseaeense.i mer with
DNA pol ynerase; (d) cleaving the RNA portion of the anneal ed conposite
primer with an enzynme that cleaves RNA from an RNA/ DNA hybrid such that
anot her conpo20.te Armetaod 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 comprising a termination
polynucleotide sequence to a region of the template which is 5° with respect to
hybridization of the composite primer to the template;

(©) 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
hybridizes to the template and repeats primer extension by strand displacement to produce
displaced 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 rNTP analogs, 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, whereby multiple copies of the target

sequence are produced of varying lengths;

86



hybri di zes to the tenplate and repeats priner extension by strand
di spl acement to produce displaced primer extension product; (e) -8 MAR 2004
hybri di zi ng a pol ynucl eotide conprising a propronoter and a regi on which

hybri di z ' [ 1%l on product Eg | Pl such
t hat trggg?Pg?? n&gﬁaﬁgfl?g'mmze%zﬁggsi on pr oductR ﬁ%ﬁ%h@?ﬁse,
using a mxture of rNIPs and rNTP anal ogs, such that"R 4 i pts are
pr oduced conpl(ﬁsi n@n%aﬂéﬁl%f‘d?fw%ﬁﬁﬁél?ﬁa@g%w&hde) eletiraieseaerneei ner
extension products, and such that transcription is term nated upon

i ncorporation of an rNTP anal og, whereby nultiple copies of the target

sequence are Ri odudid nadfthadsficldaig 1%P0NsheRh the RNABoR 1304 Bio@afkige pat ent
App. No. 200204820-5 Repl ac nt._ Pages March 4, 2004 (f) analyzing the
product BF™MEY "(lg)reﬁPﬁCBE)gtﬁg?e?NAoP%P@rm ne sequence. 21. The nethod of
claim19 or 20, wherein the RNA portion of the conposite prinmer is 5 wth
respect to the 3' DNA portion. 22. The nmethod of claim?21, wherein the 5
RNA portion i22adj dhemethasl aftodaid 21, BiNArepothiciso RN A Bortibn ieidimdnoto the 3°
charactery,zi hg_a sequence of interest in a target polynucleotide, said

net hod cyrll%’éipg{t’r‘?&: (i) amplifying a tenplate pol ynucl eoti de sequence

contai ning the sequence of interest by the nethod of claiml1 or 2, wherein
t he sequence of the RNA portion of the conposite prinmer is known, and (ii)
conpari ng t he2anpl i ingthod ofi claraderizisg & fequaycef afontessiep a(tadgetpdlynuchetiderount

of anplifi.cat iton roducts froma reference tenplate wherein (1) production
of det ectgaégwl?oé\/\‘g)fmp&ﬁﬁ’r%‘fi cation products fromthe tenplate as conpared

to the anmount (i9f aeRlplifyis@h te@tplRE ?alyﬁhae&m@e&mcé 8&&&%{?1%%& Eftle®rwhi ch
conprises a region conplenentary to the RNA portion of the conposite priner

i ndi cat ednterestdy thamethad gl lyanZs Moercinibe degnenef tho RPA pertianotheence
corpl Tt i il RAERRd; on of he compost e prime and i o sequeqcs
the conposite(ipri mesmpaing B apbifettionProdictsde bBciraml syep @y witliielanfduaat i on
products oI]i grglr)rlliftlcg%o; %;g)dlu%tts%ro%s a reference template
wherein
(1)  production of detectably fewer amplification products from the template as
compared to the amount of amplification products from the reference template which
comprises a region complementary to the RNA portion of the composite primer indicates
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
(2)  production of detectably more amplification products from the template as
compared to the amount of amplification products from the 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.

24.  The method of claim 23, wherein the sequence of the RNA portion of the

composite primer comprises a sequence complementary to a wild type sequence, and the
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conpared to the amount of anplification products fromthe reference
tenpl ate which does not conprise a region which is conplenentary togtag .
RNA portion of the conposite prinmer indicates that the target

I I ' j t t ' f
he’ conpoarpABOFe PRILEE Aib. N P00 IR Var | ant &gﬁﬂ%ﬁ%ﬁ%f
r.

sequence conplenmentary to the RNA portion of the co ' 24. The
met hod oﬁe‘B%eanhﬁ’fZBﬁef%@rcélﬁﬁcieﬁée%@qgtﬁﬂ@élmﬁ the peesengk grabsdngs obthetvilsl

conposi tqy&rgg LcSONMpri ses a sequence conplenentary to a wild type
sequence, and'the 87 - 8 MAR 2004 Si ngapore patent App. No. 200204820-5
Repl acenment Pages WMarch 4, 2004 sequence of interest is characterized in
determning t presence oy absence of the wild type sequence. 25. The
met hod of cl aiB(Sn 23%@4#&%%@%’6&6@ sqgaemRi ey RINGnpastion plethe conposi t e
prinmer c } C d the
Sequence o Se priG eRBRRE £ OB Blctoh Pt iy AERRIC S EET,
absence eéquehes ofiintarest isshepacterieed iAGletefimimgethb pebsoficedrabsenddof b eneim t he
sequence of the RNA portion of the conposite prinmer conprises a sequence
conpl enefit8¥Y% o an allelic sequence, and the sequence of interest is
characterized in determning the presence or absence of the allelic
sequence. 27. A nethod of detecting a nmutation in a target pol ynucl eotide

by single stRandedheoretimdmdtclam 23ovpemimpthe sequenangfiths RNA poréiby ot the
amplification.products for single stranded confor .ion, wherejn a
d irrFf I(—:-r 1—:- n gérhg %SI%QH%GF é‘rﬁWHﬁ“é‘é%@%ﬁP%ﬁ%@ﬁW @faé‘ragigh‘é S%quﬁ’@‘feea%‘{ thanded

pol ynucl ejueai®e dfMaefedt 8Thaadfetiadd i lelchminiy ha heREnRUr UBKGLESE indSllelicvher ei n
the anmplification products are generated by anplifying the target

pol ynucl 881UCB&. by the nethod of clains 1 or 2. 28. The nethod of claim 23,
wherein the RNA portion of the conposite prinmer 1is 5 wth respect to the
3" DNA portion. 29. The nmethod of claim 28, wherein the 5 RNA portion is

adj acent to tbe 3' A BiAopef 8étedtingImuthisieinodrdt pHly REUEIHRIE b3 stHigld oar ray,
conprising attaching anplification products onto a solid substrate to nake

a m cr oastFafed fonfaanatiog| nolyraerppisee cemptising aradyzing #raplification products for

single stranded conformation, wherein a difference in conformation as compared to a
reference single stranded polynucleotide indicates a mutation in the target polynucleotide,

wherein the amplification products are generated by amplifying the target polynucleotide

by the method of claims 1 or 2.

28.  The method of claim 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.

30. A method of producing a microarray, comprising attaching amplification
products onto a solid substrate to make a microarray of the amplified products, wherein the

amplification products are generated by amplifying a polynucleotide sequence by the

method of claims 1 or 2.

31. A composition comprising a composite primer, said composite primer

comprising a 3’ DNA portion and a 5” RNA portion and (b) a polynucleotide comprising a
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anplification products are generated by anplifying a pol ynucl eoti de
sequence by the nethod of clains 1 or 2. 31. A conposition conprisi éﬁg !g?l] |
conposite primer, said conposite prinmer conprising a 3 DNA portion ﬁ zg

5 RNA pSihd DI 4)8@- onprising a

Si ngapor e p%?g%?@ggEMtN%ﬂg%g(%%n egl acenent Paﬁ %ﬁgﬁiﬁa@ ﬁgg%4
term nati on.rPo,I ynucl eoti de sequence conprising a te ATE NS i Q,IH

ol i gonuc FEBLAYED pelsayicleotifeseaiance RRmPRTing A mmmiste swityholigawelegidsdidnce

ff j . .Cat | b | . 32.
The- compon by tip i dofALRERC Raind bR SR PN & BRIHIBRARE, T
3' DNA ptmiplata by TBNA Potyneswageosi ti on of claim 31, wherein the 5° RNA portion

is about 5 to about 20 nucleotides and the 3' DNA portion is about 5 to
about 15 nucl eotides. 34. The conposition of claim 31, wherein the TSO

conprises a mogli fi GaE bOMpdsitio HR14iRL OHHMY; LA bR ad; ate,
wherein, under a given slét 1(1)?‘ con ?lgjl16r?vsh%ltﬁglewfgg%k@n%?%&%ﬁgﬁﬁ?y to
t he regi 8nDA&\ patipared to a TSO wi t hout the nodification. 35. The
conposition of claim 31, further conprising a propronoter tenplate

ol i gonucleotide (PTO. 36. A conposition conprising a conplex of (a) a
tenplate strapgl; (iThedom Ghﬁmﬁﬁéftc%i&rSIWhere%?ghg ﬁmgbﬁﬁ%m% éﬂgﬁw?&”pf' sing
a pol yhu e

a 3' DNA portion and an RNA portion; and (c cleot | conprising a
t er mi nat fkaut g8 nyelaetides tndthesd AN pertiondspbats iSrig aboutt d fipiialeetidasi t ch

ol i gonucl eotide (TSO, wherein the term nation pol ynucl eoti de sequence
effects cessation of DNA replication of a tenplate by DNA pol ynerase. 37.

The conposi ti s of Th sbibEion¥TRIASB 1L BAeRMWYHBANO Qinprisesa nfith@dLARENt tO
the 3" DNA portion. 38. A reaction m xture C&;P“ sing (a) a polynucleotide
c

t enpl at ethegggion whichybsidizes forthertempetapwherpingundega give spiorficonditiansd then RNA
tion; : | t.j, d i S|
Por i nat Foo b OR RY 85 e 1800 A dorfl] S G Sl AR RR iRy

ol i gonucl eotide (TSO, wherein the term nation pol ynucl eoti de sequence

effects cessagi on of DNA replication of a tenplate by DNA pol ynerase.
5. The composition of claim 31, further comprising a propromoter femplate

oligonucleotide (PTO).

36. A composition comprising a complex of (a) a template strand; (b) a
composite primer, said composite primer comprising a 3> DNA portion and an RNA
portion; and (c) a polynucleotide comprising a termination polynucleotide sequence
comprising a template switch oligonucleotide (TSO), wherein the termination
polynucleotide sequence effects cessation of DNA replication of a template by DNA

polymerase.

37.  The composition of claim 36, wherein the RNA portion is 5° and adjacent to
the 3° DNA portion.

38. A reaction mixture comprising (a) a polynucleotide template; (b) a
composite primer comprising a 3> DNA portion and an RNA portion; (c) DNA polymerase
and (d) a polynucleotide comprising a termination polynucleotide sequence comprising a
template switch oligonucleotide (TSO), wherein the termination polynucleotide sequence

effects cessation of DNA replication of a template by DNA polymerase.
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89 - 0 MAR 2004 Si ngapore patent App. No. 200204820-5 Repl acenent Pages
March 4, 2004 39. The reaction mixture of claim38, wherein the congogiit gl
prinmer conprises a 5 RNA portion which is adjacent to the 3' DNA portion.

40. The j ' ' Ut her conpri sg ich
cl eaves Eﬁﬁﬁé?gﬁ,@ gh)f%%%é/g%@ﬁ%gw#he reacti onw&l%?%ﬁyﬁ% 40,
wherein the enzyne is RNaseH 42. The reaction mi xt urldlage aaz(}ﬂ438, further
conprising a polynucleotide conprising a propronoter. 43. The reaction

m xture of claym4 .ei n.t.he nugl epti de, conpri sj ng. a r opr onot er
T Teo 45 3 Fne AR BibE BUS, FRbGS e RaRar et sPORBERCO! | te
conpri si ag’ RNAppmﬁbﬁmﬁ&risiaajaaerm@ﬂ{e@WFbﬁim! ate ol igonucleotide (PTO.

45. A kit for anplification of a target polynucl eoti de sequence, conprising
a conposite primer conprising a 3' DNA portion and an RNA portion, and (b)

pol ynucl eoti dgyco L Sl : 1 I p n tl.de s .GOonpri si ng
a tenpl ate S\?\IIO.'[ cﬂﬁg{t ?éélgﬁ%@ntggﬁpdg% H@g)g ; R%g}rjéé(%lg rfgrlfgg er %ES@ 6(%]

pol ynucl ekbvad®RI$Aqroamnae RAIA/BNShylresat i on of DNA replication of a tenplate
by DNA pol ynerase. 46. The kit of claim45, wherein the RNA portion is 5
with respect to the 3' DNA portion. 47. The kit of claim46, wherein the
5" RNA portionyis i 1o i . 4 of claim45,
further corrprims'i ngﬁgb g%?%%@?‘&%‘?%?%%ﬂ”@%g‘tgge%ég%er‘g%%%ﬁ 90 - 8 MAR
2004 Si ngapore patent App. No. 200204820-5 Repl acenent Pages March 4, 2004

49. The kit of,claim 48, .wherein the palypucleotide. conprising a
pr opr onot er "% a #%eag%‘?n %uq?iqfcgfrgglga QISCONYMISING HPYIRRUKAIIR L] eot i de
conpri si Bempristh@P bRIPediRbter.

43.  The reaction mixture of claim 42, wherein the polynucleotide comprising a

propromoter is a TSO.

44.  The reaction mixture of claim 42, wherein the polynucleotide comprising a

propromoter is a propromoter template oligonucleotide (PTO).

45.  Akit for amplification of a target polynucleotide sequence, comprising a
composite primer comprising a 3’ DNA portion and an RNA portion, and (b)
polynucleotide comprising a termination polynucleotide sequence comprising a template
switch oligonucleotide (TSO), wherein the termination polynucleotide sequence effects

cessation of DNA replication of a template by DNA polymerase.

46.  The kit of claim 45, wherein the RNA portion is 5’ with respect to the 3’
DNA portion.

47.  The kit of claim 46, wherein the 5> RNA portion is adjacent to the 3° DNA

portion.

48.  The kit of claim 45, further comprising a polynucleotide comprising a

propromoter.
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is a PTO 51. The kit of claim45, further conprising an enzynme which
cleaves RNA froman RNA/DNA hybrid. 52. The kit of claim51, wherei-§ MAe00L
enzyme is RNaseH 53. The nethod of claim 19 or 20, wherein the

pol ynucl SphbaBofOPRtdS ADp2 N & zgﬁi ngpol ynucl eot i j
tenpl at e swlg?gh 0 igonuc%ﬁti de ({Qr 082‘?]5‘2 The net ho &Eﬁgﬁégﬁer ein
the TSO conprises a nodification in the region whic 58 B to the
tenpl ate, wherein, under a given set of conditions, the TSO binds nore

The ot hod of "2 ai a8 r (00 onapale g BRI shitprdEh ahiflRr .

t er mi nat isanI'P@! ynucl eoti de sequence is a bl ocki ng sequence. 56. The net hod
of claimb55, wherein the blocking sequence conprises a nodification in the
regi on which hybridizes to the tenplate, wherein, under a given set of

conditions, the bl 9akkAYrSRANERCEhIERIR: ﬂ&gﬁuctrlr%ogﬁ% !cé{mbxff%ﬁé‘ﬁ gg(ﬁgqlﬁgteﬁs

conpared to a bl ocking sequence w tlaout the I ca nmet hod
of cl ai msEPHY. 20, wherein the enzyme that cleaves RNA is RNaseH 91 - 8
MAR 2004 Si ngapore patent App. No. 200204820-5 Repl acenent Pages March 4,
2004 58. The nethod of claim 20, wherein the polynucl eotide conprising a

propronot er apd r eghoRit Whklain hi%i’tﬂérzc%ﬁlrﬁ‘@ing% eﬂég{)&‘é é«ggc‘ﬁ o@ef]ain?n%N%?(t ensi on

product is a tenplate switch oligonucleotide (T . The t hod of

cl ai m 20fromaerRINA/BNA hybridnucl eot i de conprising the propronoter conprises
a region at the 3' end which hybridizes to the displaced prinmer extension
product, whereby DNA pol ynerase extension of displaced priner extension

product produses aTHOKRbECISE 8N ARkbr&ih POSEYmELORNWYEEN transcription
occurs. 60. The met hod of claim 59, wherein the pol ynucl eoti de conpri sing

the propronoter is a propronoter tenplate oligonucleotide (PTO. 61. The

oithor order ba.  TereapdH et 103 D2eh B by Ko BELBE RS ana (o)

are per fermixtion polynucleotide sequence is a template switch oligonucleotide (TSO).

54.  The method of claim 53, wherein the TSO comprises a modification in the
region which hybridizes to the template, wherein, under a given set of conditions, the TSO

binds more tightly to the region as compared to a TSO without the modification.

55. The method of claim 19 or 20, wherein the polynucleotide comprising a

termination polynucleotide sequence is a blocking sequence.

56.  The method of claim 55, wherein the blocking sequence comprises a
modification 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 comparedtoa

blocking sequence without the modification.

57.  The method of claim 19 or 20, wherein the enzyme that cleaves RNA is
RNaseH.
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si mul taneously. 63. The nethod of claim 19 or 20, wherein steps (a), (b)
and (c) are perforned sinultaneously. 64. The nethod of claim19 or 20R 2004
wherein steps (a) and (b) are perfornmed before step (c). 65. The ma?hog of

e perfonngAbord BRHERE e bCROOTHELS. od of "ol a ﬁ%@!ﬂ@:@?@ﬁ PABRE a

portion of the conposite primer is 5 wth respect .tMﬁllﬁ'@ 200 portion.
67. The met hod8of dibginrgtesl ofighaimeldth wihiesirsthe RREYnpolettidmecdnsprizitigacent to t he

Rep! acembrepafes 8 feeln et Bt B VS Gl ek Ptehon S ORGAS n 1 e

pol ynucl eahplde sedehbligbmgledtidé EFsyat i on pol ynucl eoti de sequence is a
tenplate switch oligonucleotide (TSO. 69. The nethod of claim68, wherein
the TSO conprises a nodification in the region which hybridizes to the

tenpl ate, whergin, ' . C R -the T i nds nore
tightly to thgg'r egi%g%gim@o%pcggglﬁ E)Nhgﬁ%%g%o Hﬁlggl?o?#econntl?iﬁﬁggg ion. 70.
The met hptbppémetentompidses whegion ot thbie’ @l whidk hebridigs t6 @Edikihdeg pimer

term nation g)ol néﬁl eoti de sequence is a bl ocking sequence. 71. The nethod
of cl ai mEHESIGHh t Mhereby SB¥A Relygssse selensiompt displaced privrtiexieasiion in t he

cl ai e i eKieggieron |
condi t1 ohtote| PO BRRUDE AR R Aol NG Bt B0 Gl 6 O oo

conpared to a bl ocking sequence without the nodification. 72. The net hod

of claim 23, erein the enzy t hat . cl eayes i s.RNaseH. .  73. The net hod
of claim23, Wherei etnf?g“}ﬁ{;qufﬁ@l e)Wlha@lrb%‘FrﬁPiyélP otigle Gomppisigdher and

regi on WaidHRorNeF is® ESrohRidr emBlhaRIIR6REIRAIIERPTEX! €nsi on product is a

t enpl at \Q’@s‘ﬁ’f‘% ch oli g%rnl?féﬁ eotri deﬂ( TSOy. 74. Tﬁgpms?hod of claim 23, wherein
t he pol ynucl eoti de conprising the propronoter conprises a region at the 3

S RCRACTEE T T e Rk R S T A

either order.

62.  The method of claim 19 or 20, wherein steps (a) and (b) are performed

simultaneously.

63.  The method of claim 19 or 20, wherein steps (a), (b) and (c) are performed

simultaneously.

64.  The method of claim 19 or 20, wherein steps (a) and (b) are performed
before step (c).

65.  The method of claim 19 or 20, wherein all steps except the step of analyzing

the product are performed simultaneously.

66.  The method of claim 23, wherein the RNA portion of the composite primer
is 5’ with respect to the 3° DNA portion.

67.  The method of claim 66, wherein the 5° RNA portion is adjacent to the 3’
DNA portion.
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product produces a doubl e stranded pronoter from which transcripti ONg AR 7004
occurs. 75. The nethod of claim 74, wherein the pol ynucl eotide conprrsi M
the propronoter is a propronoter tenplate oligonucleotide (PTO. 76. The

nmet hod ofkg; j %@e i n pRl ynucl eoti dgyi s anplifigd using
t he nmet hgéﬁ%?bg%%ﬁﬁnt A@?N@W(@%f% ngapor e paﬁ%‘?‘ﬁlaﬁﬁ 1INt ages
200204820-5 Repl acenent Pages March 4, 2004 77. The Marsb,A004 ai m 23,
wherein the target polynucleotide is anplified using the nmethod of claim

15. 78. The hod-0f _cl,ai,m.2 erein.the target | ynucl eotide is
anpl i fied uglgéfg © 1B bR A e B8 po ShES R A M Be 23
wher ei n tdﬂmirtaﬂbﬂpblyﬁ@dl@’dtﬂi&s@%ién@@isi StempRid Sikd oligshideddde (T8ORod of claim

17. 80. The nmethod of claim 23, wherein the targéet pol ynucleotide is
anplified wusing the nethod of claim18. 81. The nethod of claim 27,

wherein the pgynu | [P~y . Khation pol | ot |

sequence i s ae%'enp?g‘feglte{sh\(/iﬁﬁtogﬁ%i%gﬁgg léloti“ig (c?gﬁf{se%?%a’#%aﬁ%qﬁ’o C of

cl ai m 81lregidrewkich hybédiZS@ CaPhipEes vwherdddl iunledd $i0&h $f of BéhditiB] @B T® ch
hybridizes to the tenplate, wherein, under a given set of conditions, the
TSO bi nBRdsBIoze fghilyitp jhe i5eionas campaisd 42 dSRpHEitant the modiSetion: hout t he
| o200 783, TREwREIRS cBlm o2 M AL SIedIR (BRYE koL e
conprising a termnation polynucTeotide sequence I's a bFoCkPAg sequence.
84. The teenimatompolyhedlentBia sequeaceism Blbekiky wqliénee. sequence conprises a

nodi fication in the region which hybridizes to the tenplate, wherein, under
a given set of <conditions, the bl ocking sequence binds nore tightly to the
regi on as conppred I [ S ' i £ ion. 85.
The. et hod of ol ai HEg oo S R BERiRe Mokl hed s B aoert 56,
The net hogddicaddminthezgionehieh hybidizgsab yheiemehitd, séherdmpmidsd Nigiven set of

propronot er..and regj on. whi ch hypridi zes.to the displaced priner extension
pr oduct fosndglonf’ethf) ﬁ%’?@%ﬁﬂ%ﬂ%ﬁiﬂ&%ﬁ]&m gty de %WS@)O? ag gompared to a

blocking sequence without the modification.

72.  The method of claim 23, wherein the enzyme that cleaves RNA is RNaseH.

73.  The method of claim 23, wherein the polynucleotide comprising a
propromoter and region which hybridizes to the displaced primer extension product is a

template switch oligonucleotide (TSO).

74.  The method of claim 23, wherein the polynucleotide comprising the
propromoter comprises a region at the 3 end which hybridizes to the displaced primer
extension product, whereby DNA polymerase extension of displaced primer extension

product produces a double stranded promoter from which transcription occurs.

75.  The method of claim 74, wherein the polynucleotide comprising the

propromoter is a propromoter template oligonucleotide (PTO).

76.  The method of claim 23, wherein the target polynucleotide is amplified

using the method of claim 14.
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- 8 MAR 2004 Si ngapore patent App. No. 200204820-5 Repl acement Pages g
4, 2004 87. The nethod of claim27, wherein the pol ynucl eoti de conprising
the propronoter conprises a region at the 3 end which hybridizes to the

di spl aced;hL) [ eby DNA pol rase_extegsion of
di spl ace§llgg£|l§r§ir:e g)%?éelg{;‘ligﬁf l‘gé'gg(t@()%éces a doubl ﬂ?%&%ﬁﬁgﬁ er
from which transcription occurs. 88. The nethod of clManch#, ein the
pol ynucl eot i dé7conghi siatpd dfelaipridpwbamirethe itarget potyoprisotdeis atmphficat e

ol i gonuc hde (PT 89. .The nethod of claim 27, wherein the target
pol ynucl gglgég’é”flétﬁg%fflﬂnéb; usi ng the nethod of claim14. 90. The method

of claim27, wherein the target polynucleotide is anplified wusing the
met hod of claim 15, 91. The method of claim 27, wherein the target
pol ynucl eoti dé8i s dhpmethadd! cleimrg, whereirethh tatgesfpotyinacientids: isemplifiné net hod

of clai g}@%g}%ﬁﬁf@wg@aﬁﬁ%'ga pol ynucl eotide is anplified wusing the

nmet hod e nmethod of claim27, wherein the target
pol ynucl eotide is anplified wusing the method of claim 18. 94. The net hod

of claim 27, wherein the nutation is selected fromthe group consisting of
a base substi {tt i odhe Bephpdeofickpimrd; wheretn the gt @obmuelgotideds amplifigd e

nucl eot i 9§n%ﬁfélrﬂéfﬁ{3cf9f§l%n 95. The method of claim 27, wherein said step of

anal yzi ng the anp Ication products conprises a nethod selected fromthe
group consisting of gel electrophoresis, capillary electrophoresis and

cl eavage of t a i ficatiaon products using nucl eases which recognize
sequence depeﬁ@enmg‘%gﬁﬁ@% clain 434 W @@%ntbsgarg@mmuszlemdessﬁ@abﬁefé pat ent
App. No. ,4RP8R4840:PoRapihaggment Pages March 4, 2004 96. The nethod of
cl ai m 30, erein the polynucleotide conprising a termnation

pol ynucl eoti de sequence is a tenplate switch oliognucleotide (TSO. 97. The
t hod of clapm 96, wher.ei.n t O conprj ses a dification in the
et hod ot ¢l agn 95,y diethod of cﬂl?m-ﬁ, Wﬁerg}r)l e polynucqgot{de comprising a

termination polynucleotide sequence is a template switch oliognucleotide (TSO).

82.  The method of claim 81, wherein the TSO comprises a modification in the
region which hybridizes to the template, wherein, under a given set of conditions, the TSO

binds more tightly to the region as compared to a TSO without the modification.

83. The method of claim 27, wherein the polynucleotide comprising a

termination polynucleotide sequence is a blocking sequence.

84.  The method of claim 83, wherein the blocking sequence comprises a
modification 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.
85. The method of claim 27, wherein the enzyme that cleaves RNA is RNaseH.
86.  The method of claim 27, wherein the polynucleotide comprising a
propromoter and region which hybridizes to the displaced primer extension product is a

template switch oligonucleotide (TSO).
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regi on which hybridizes to the tenplate, wherein, under a given set_g@fy 4
conditions, the TSO binds nore tightly to the region as conpared to a Rl'g]g
wi t hout the nodification. 98. The method of claim 30, wherein the

pol ynucl &hbSB0FO PRt ] ' Iqspol ynucl eot i '

bl ocki ng seguggce.ﬁaggﬁ %ﬁn@é'ﬁ%@%@%ﬂ?m 98, wher eﬁ?ﬁﬁ%mggesa
sequence conprises a nodification in the regi on whi fﬂ'fg'f to the
tenpl ate, wherein, under a given set of conditions, the bl ocking sequence

bi nd tightl i d bl ocki ng.
o thout the. radi 11 TP pisiod 31N 2 W RRTRERE Rl Ry Aot R he onzy e
that cl epugsorRbier caniiies & rbgidDdt thd Beertewhiol hpbridiraitoRispMrRa rithel e

pol ynucl eoti de conpri sbng a ropronoter and region which hybridizes to the
di spl ace8XiSRIARProgREteWapIShY Bl\g%aelwmegasa extension el displogedaninegriegtsnsien eot i de

TSO . 1 ' LNl Ly 1.d i Si
he  pr obrae oA R o Rt S o e B b AR A1 di 2o 1o the

di spl aced prinmer extension product, whereby DNA pol ynerase extension of
di spl aced priggr extensio oduct produces a daoubl e stranded pronoter
fromwhich tr *scrﬁi? s &ﬁaé. Lkl@%’?leffﬁﬁbt%ﬁﬁ?iﬂéﬂcléqtldélCé?lmfﬂ“f@*g,th%er ein the

pol ynucl ednrélRote PR HrSi i opronoter tenplate
ol i gonucPeg!tri d% (PTCg)r@I?glgw?%rgﬂ%%ﬁl%gmoc?&&dgl(ﬁ%, wherein the target

pol ynucl eotide is anplified using the nethod of claim14. 96 - 8 MAR 2004
Si ngapor e pat gpt ) . .200204820-5 Repl acenent  Pages . Marchhg, 2004 105.
The method: of 5% aﬁﬁﬁ%&‘%@&éﬁﬁ“’t ewgafﬁggfh‘eﬁ%ﬁ}mbﬁné plide 15 8mphFRd £ i ed
usi ng t hesifgtHeadetRbd 6f @him ip. 106. The nethod of claim 30, wherein the

target polynucleotide is anplified using the nmethod of claim16. 107. The
met hod of claim 30, wherein the target polynucleotide is anplified using

the nmet hod of gl ai - 1108.. The t hod. o | ai,m 30, wherein t ar get
pol ynucl eot i dg&i s ghn%%?e{d}ogd)fc@é@@?ﬂgeﬁqlﬁ%‘ageépogpgﬂﬁ?ti 18 i‘ﬁ’@nﬁﬁe net hod
of any ouéng@theah@hs®ofllaida 159, 20, 23, 27, and 30, wherein the

91.  The method of claim 27, wherein the target polynucleotide is amplified

using the method of claim 16.

92.  The method of claim 27, wherein the target polynucleotide is amplified

using the method of claim 17.

93.  The method of claim 27, wherein the target polynucleotide is amplified

using the method of claim 18.

94.  The method of claim 27, wherein the mutation is selected from the group
consisting of a base substitution, a base insertion, a base deletion and a single nucleotide

polymorphism.

95.  The method of claim 27, wherein said step of analyzing the amplification
products comprises a method selected from the group consisting of gel electrophoresis,
capillary electrophoresis and cleavage of the amplification products using nucleases which

recognize sequence dependent secondary structures.
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RNA portion of the conposite prinmer consists of about 7 to about 20
nucl eoti des and the DNA portion of the conposite primer consists -@f MR8
5 to about 20 nucl eotides. 110. The nmethod of claim 109, wherein the RNA

portion h r of about 1

nucl eot i ?:aséaﬁgpgﬂﬁqg{t&g&?tl?on eﬁizgrrpoa te ri ﬁaac%ﬁl!é ag?s about
7 to about 20 nucleotides. 111. The conposi tion of cI e 4ol wher ei n
the RNA portion of the conposite prl mer consists of about 7 to about 20

nucl eoti des apg th ner _consi sts of about
5 to about 20@§uc| gc})lt ﬁélgO%{#fgé}mlo'{Q @Srr?'b%%e g’ﬁ’ugngt&4 °SOMMPLETE Anherei n the
RNA por t iimieftioh [pelyanoiposde quddict i teGPhaé S\izﬁclpéﬁhcéglﬂﬁé;léotﬂ& (rsogbout 20

nucl eoti des and the DNA portion of the conposite priner consists of about

7 to about 20 nucl eotides. 113. The reaction m xture of claim38, wherein

the RNA portigs of Tﬁlgﬁftmﬁlﬁﬁ)@%%ﬁn ﬁlgq%(féoﬁn {se@ROMicaki0n APREt 20
e f S 0

nucl eotides and th portion of oSl rrmer consi's about
5 t o abowgi@Owhichlhgbtididesto tEe?temp&téM@&iﬁ%nabﬂggneﬁ getpACEmitiARPtheNBO
200204820:- 5 Repl ac nt Pages. Mrch 4, 2004 114. The reaction m xture of
cl ai m 118 g figh '?e@ tﬁ\ﬂ@gﬁ%\'%%ﬁlpé\‘edttﬂéTs&Wﬁbﬂttt@ wedifsationsi st s of
about 10 to about 20 nucl eotides and the DNA portion of the conposite
primer consists of about 7 to about 20 nucl eotides. 115. The kit of claim
45, wherein tH8 Rl\ﬁhpmetthqdmf@laimrﬁ@ Mnmﬁsihb@obmhdeastideamn@ir'sm aof about 7 to
about 20tnucl ot i df he DNA gsor %( of the conposite primer consists
of about “BU{YH 18888 VISP SEBEG G INgPRAURRGE- of cl ai m 115, wherein the

RNA portion of the corrp05| te priner consists of about 10 to about 20
nucl eoti des and the DNA portion of the conposite prinmer consists of about
7 to about 209%ucl dbeimidmd o TlaimASnwhbrsth the blazkinigistqienge eoppdiseracl eot i de

o ovi i neanRaoT I AEdsaith Bpich BB e Cabe b S e: g EREtohr get
sequencecorior(si ihk bﬁ’odkﬁf@l#éétlén@e dedé@for@ﬁ%lﬁ[}stb(me &gﬂﬂ%%ﬂ@%ﬁ%g by

extending W th DNA pol ynerase a conposite primer conprising an RNA portion
and a 3' blogling sequence without the modification.

100.  The method of claim 30, wherein the enzyme that cleaves RNA is RNaseH.

101.  The method of claim 30, wherein the polynucleotide comprising a
propromoter and region which hybridizes to the displaced primer extension product is a

template switch oligonucleotide (TSO).

102.  The method of claim 30, wherein the polynucleotide comprising the
propromoter comprises a region at the 3” end which hybridizes to the displaced primer
extension product, whereby DNA polymerase extension of displaced primer extension

product produces a double stranded promoter from which transcription occurs.

103.  The method of claim 102, wherein the polynucleotide comprising the

propromoter is a propromoter template oligonucleotide (PTO).

104.  The method of claim 30, wherein the target polynucleotide is amplified

using the method of claim 14.
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portion, wherein the conposite priner extension product is hybridiz%ﬂg&?mUA
the DNA tenplate; (b) cleaving the RNA portion of the conposite pri
extension product wth an enzynme that cleaves RNA from an RNA/ DNA hybri d,

such thatSigsbh [ r4 W_' dizes to th vad C)
repeating pgﬁ?ﬂa‘r&é gg?%‘ﬁ@%ﬁvﬁ?’hzm po y:Srer ase by st?‘%ﬂ%ﬁejp C %%‘Fé; (d)
repeating steps (b) and (c) whereby multiple copies 4 enent ary
sequence of the target sequence are produced. 118. A nmethod according to

claim117, wh in I her coppri ses iid).. ol cl eotide
conprising a t? Qf'm rT1§31l :ﬁggﬁopﬁllg(%ficﬁaﬁ%ﬁioéﬁ gg‘%@ﬁﬁ%ﬁ%@"%‘b‘?‘%@e‘aﬁ af%’ﬂﬁe 8 - 8 MAR
2004 Si ngsipgtle mpethedbdf Apipn 1/No. 200204820-5 Repl acenent Pages March 4, 2004

region of the tenplate which is 5° with respect to hybridization of the
conposite prinmer to the tenplate. 119. A method for anplifying a target

DO T, pot ! Q208 eAREGRURAITIAG. AL hOl oA IER RO A6, T 118

and further conprising: ybriTdi zi ng pl'aced pfi nmer extension
product asipgthemuethedof cdeim t@npri si ng a propronoter and a regi on which
hybri di zes to the displaced priner extension product under conditions
whi ch allow transcription to occur by RNA pol ynerase, such that RNA

transcripts afngypr Tﬁé'ﬁf‘eﬁlo‘am[eﬁﬁi3@9%@1@%@?&?@%@@%8&%% afng%iﬁ?nﬁe tar get

di spl aced prinmer extension products, where pl e copl es
sequenceusingthsrmetheddf claiz017.A net hod of sequencing a target pol ynucl eoti de
sequence conprising carrying out the nethod of claim 117 or 119, wherein
primer extension conprises extending the conposite priner to a term nation

site with DNAI@®I yTRE Bthodrtt chiflint Whreindhe %Eé?%@ﬂﬁd@&% i’gl%hﬁﬂéd such
that priner extension is term nated upon incorporation of a dNIP anal og;

wher eby Hiing thsirectbesholealainf 18.he conpl ementary sequence of the target
sequence are produced of varying |lengths; analyzing the product of the
nmet hod to determ ne sequence. 121. A nethod of sequencing a target

nuc |t ﬁot i de seqOENCTheMRIHOIVT Ry 68¢ bFdlaiths 1001 19, he, 2ebhoghdacfo, Gl hd8 and
urt her conpri sing:
r}‘prortion %f the composite primer consists of about 7 to about 20 nucleotides and the

DNA portion of the composite primer consists of about 5 to about 20 nucleotides.

110.  The method of claim 109, wherein the RNA portion of the composite
primer consists of about 10 to about 20 nucleotides and the DNA portion of the composite

primer consists of about 7 to about 20 nucleotides.

111.  The composition of claim 31 or 36, wherein the RNA portion of the
composite primer consists of about 7 to about 20 nucleotides and the DNA portion of the

composite primer consists of about 5 to about 20 nucleotides.

112.  The composition of claim 111, wherein the RNA portion of the composite
primer consists of about 10 to about 20 nucleotides and the DNA portion of the composite

primer consists of about 7 to about 20 nucleotides.
113.  The reaction mixture of claim 38, wherein the RNA portion of the

composite primer consists of about 7 to about 20 nucleotides and the DNA portion of the

composite primer consists of about 5 to about 20 nucleotides.
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(e) hybridizing to the displace prinmer extension product a polynucl epMAirReDL
conprising a propronoter and a region which hybridizes to the displaced
pri mer extension product under conditions such that transcription occurs

fromtheg; i rase, using i Xt ure r NTPs and
r NTP anaﬁ%gg?ﬁ Qﬁég’gtﬁggwq‘rm(?%ﬁgar e pr oduceﬁ%‘%’ﬁﬂ%‘? d8ttiences
conpl enentary to the displaced prinmer extension prodfareh 4,004 hat
transcription is term nated upon incorporation of an rNTP anal og, whereby

mul ti pl e copi of -t he target se ce e produce f varyi | engt hs;
(f) aﬁal yzi P\g???fe E?’S&euaéﬁo‘g?’l’g}‘feegbg%?aé‘}l ﬁﬁr}?{ﬁaﬁmﬁ%ﬂ%\@‘a@?@ Hm?ﬁ@ sequence.
99 - 8 Mihinp&i pHinitg@paNifs pedt 10ARab 70T es
March 4, 20%4,121)?,@@@:713% hod of any 8%0011;2 cl ai %Q&@Bgﬂghﬁg?ﬁ%%g%gn t he

conposi t EOPPYSKiSPIings spRsigeal gbogt 7 pNEboyb 2@ nueleatifieacent to the 3' DNA
portion. 123. The nethod of any one of clains 117 to 122, wherein a
plurality of conposite prinmers are used. 124. The nethod of any one of

clainms 118 t 01123, Thbkiter olairhes pehstbinach@€RNASorti6 R BPihe SbRGodtd fidnat i on
pol ynucl eot i de quence is a tenplate switch oligonucleotide (TSO, or a
bl ocki ng%‘?&;ﬁ&%ﬁfrs?iwutﬁ@. abple2 pciesiides and the AN portighef diercontpesifeminer t he

bl ocki NgSRHENCHouCPIRILEES RudiRikd cation in the region which hybridizes
to the tenplate, erein under a given set of conditions, the TSO or the

bl ocki ng sequence binds nore tightly to the region as conpared to a TSO or
a bl ocking se nce, respectj vel i t hout the nodification. 126. The net hod
of any one of %(F'ai ﬁbe Eli??‘ﬁl@mi;!ig,/’ ‘T'IBit}FE Wémwtbﬁa@mp@ql@wwrm_ is

RNaseH. é(%i%_ists-rckﬁbﬂﬁttﬂptg aBt)u%yerEf‘eoﬂfiesCAnﬂ'tH@DWPﬁﬂg%%fCetcﬁ?lxélglggf ;Wﬂﬁére' n the

pol ynucl eoti de conprising a propronoter and region I’zes to the
di spl aceepnspis ofsboeixt @rebout2(omethetitles.s a tenpl ate switch ol i gonucl eoti de

(TSO . 128. The nethod of anyone of clains 119 and 121 to 126, wherein the
pol ynucl eoti de conprising the propronoter conprises a region at the 3' end

whi ch hybri diges hanéhed firSRIpEGRAs BRbRRNCIBN RS RAPE t’l@fmn%ﬁ(oepy DNA

pol ymerase extension of displaced priner extension product praoduces a
doubl e stargehpelinpelestiseseqyenesreahpriding:

(a) providing a complex comprising:
(1) a DNA template comprising the target sequence; and
(i)  acomposite primer extension product produced by extending
with DNA polymerase a composite primer comprising an RNA portion and a 3° DNA
portion, wherein the composite primer extension product is hybridized to the DNA
template;

(b)  cleaving the RNA portion of the composite primer extension product
with an enzyme that cleaves RNA from an RNA/DNA hybrid, such that another composite
primer hybridizes to the DNA template;

(c) repeating primer extension with DNA polymerase by strand
displacement;

(d)  repeating steps (b) and (c) whereby multiple copies of the

complementary sequence of the target sequence are produced.

118. A method according to claim 117, wherein the complex further comprises

(iii) a polynucleotide comprising a termination polynucleotide sequence hybridized to a
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transcription occurs. 129. The nethod of any one of clains 117 to 1—2€’MAR 2004
wherein conposite priner conprises a 5 RNA portion of about 5 to 2
nucl eotides and a 3" DNA portion of about 5 to 15 nucl eoti des. 100 - 8 MAR

2004 Si N&AREHGoREpAKN o. POOARAPANSS Repl acems st 2004
130. The rregg P cl atlARE’PZQ erein the 5 RNA por[ﬁe
nucl eotides and the 3' DNA portion is 7 to 12 nucl eot rret hod of

char act efF§39hef the Eeé‘éﬁl%tﬁ c‘ﬁén‘éﬁ isi5n pathaegpertio A%melg@tormﬂtbmmnmﬁe ggmer ®ai d

met hod cg{g}&h@ (i) anplifying a tenpl ate pol ynucl eoti de sequence
containing t sequence of interest by the nmethod of any one of clains 117
to 119, 122 to 126, 129 and 130, wherein the sequence of the RNA portion
of the conpos pr.i me known,. and (ii) aring the anplification
products if a:lé/& r 6riPE 6?‘(1‘&)‘“% lﬁgtaﬁ@’gﬁtrﬁ%ﬁfﬂ ﬂdeﬁﬁswmqec,campeﬁlnsr oduct s
from a1 ehefifg6a the MRk IARSI1S ahd furfle of detectably fewer
anplifi catlle%n@pr oducts fromthe tenplat epggﬁbﬁgﬁ%ar ed to the anount of
anplificati on(q)r odbybridifing o tHeehspda‘ceal pnmer taepiat wrodtut alpolyeadpstides a

regi on co | enentary to the tlon npQsi te primer indicates
that t he PRPEURE pBIPRRIBPEDER g g H%%q%%o‘& ‘g%%f‘éﬁé’é‘n@éﬁﬁf”é%%‘ht ary
to the RMRJueQindbOdnAtidnd S HENRRN ttrzﬁls&rl}%t%rto e’y INAGH %evﬁfch% Wi th
respect to the sequence conplenentary to the RNA'portio the conposite
prinmer; BNA Bjnsgripidaet producsid Odmpelsmgbbqpemseomﬁﬂméntamttw te dmpdmtadt s from

h | ficat duc th
D e RO i R TR e e SRt o

to the RNA portion of the conposite priner indicates that the target
pol ynucl eot i de conprises a sequence conplementary to the RNA portion of
t he” conposi t el#}i ndrmethed Pﬁsqqe@ncan$%t§€@h§elynm1¢@me sefjuemce ewrpprising o t he

sequence,, t on.of .the conposite prinmer. 132.
The net hodm#l?&ﬁal m&%%}\fd Iea:&gllw e h&&%‘&B“W?’HS“ 0613?1 *Hn of the
conposi t a(tmdlni@fhe(z:cﬁ‘ipbsﬁeeﬁrnﬁerstﬁQli@ﬂﬁﬁatﬁﬁrmb mrmm(»}xn Pn¥habdhddyagi-gaguence,
and the éﬁg_{ence of _int erest i s characterized in determninhg the presence

of absen® Pg and i Tlyang Wes‘g@c}hﬁé pEiger gxtenfien isdemainated sporn imorRNALpDr t i on
of the cofpesTh %nﬁBé;rWﬁergw{ﬂtﬁfesco%les of the complementary sequence of the target

sequence are produced of varying lengths;

analyzing the product of the method to determine sequence.

121. A method of sequencing a target nucleotide sequence comprising carrying
out the method of claim 118 and further comprising:

(e) hybridizing to the displace primer extension product 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 INTPs and tNTP analogs, such
that RNA transcripts are produced comprising sequences complementary to the displaced
primer extension products, such that transcription is terminated upon incorporation of an
tNTP analog, whereby multiple copies of the target sequence are produced of varying
lengths;

® analyzing the product of steps (a) through (e) to determine sequence.
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sequence conplenentary to a nutant sequence, and the sequence of inﬁfﬁrﬁm
is characterized in determning the presence or absence of the nut an{x
sequence; or the sequence of the RNA portion of the conposite primer

conpri sexj g allelic se e
sequencescl)?glﬁﬁtgggg’?? engg é?g@tnieg?zzl%%&(ﬁg determ ni noﬁg Eﬂgacﬁfg%&fggfﬁ
absence of the _allelic sequence. 101 - 8 MAR 2004 Si 4,200t App. No.
200204820- 5 RépEacdibemetimiyeiany vme of claimobiyao 133, wherpsttho corapostte pgoter ng a

it at | oncbflpfsds A SF RIS BILLE B3 ShQ8 Gt T anded conformat i on

pol ynor phi's C rising analyzing (H“'pr oducts for single
stranded conformati on, wherein a difference in conformation as conpared to
a reference i%ggl % stranded, pol ynucl eotide indicates a nmutation in the
target pol ynuckéot i éf@}nedi‘/%’e‘?f@inﬁ ong ef glaims HildatlRdrwhareiagaleralieofgener at ed by

conduct i pgmh&s: d.f y one of claims 117 to 119, 122 to 126 or 129
or 130. 134? Aeﬁ{nﬁ%’d ofusgdr?oduci ng a mcroarray, conprising attaching

anplification products onto a solid substrate to make a mcroarray of the
anplified pro ts erein the anplifjcation products are generated by
conducting t hgg‘gnpﬁﬁgwiquaﬁﬁpﬁeaf 6191%&/1Sdﬁégafwhf‘éwaitbﬁqulmuoﬁlwﬂﬂgg, 122
Lo 126 0tork@Rkif a idhinal i pobifciBiditaRlngelal Wi | i portion
of the cong(gsi tée Bir?i ylrrller ingng, c\j!vlg%{prgspnecctsa%o eteéwﬁ%ﬁﬂi%tgpﬁﬂon. 136. The
met hod of T¥®hions bBBkingtsequsinpe.t he 5° RNA portion is adjacent to the 3' DNA
portion. 137. A nethod for anplifying a polynucl eoti de sequence
conplenentary to a target polynucl eoti de sequence conprising incubating a

reaction nixtups, g8k chefRAGACEN MUXHHESIHCRIMSDIrMEE bloal; npl at e
strand; (b) a conposite pri mgr 1t hat "is hi/bri di zagl e ?(8 tlﬂgs%n%egrrpl ate

strand, ¢frapses amnedifiensiopds thegegion whiclclgrpidizze o the dRiylatepowherein wddr 2 3'  DNA
portion; - ende pol ymerase; and. (.d) an.enzyne that cl eaves
RNA fr orrig_fey(rél)l ﬁﬁﬁ%ﬂﬁﬁr %%%w‘ﬁf@g Taubat g’d’ﬁs %‘?rﬁﬁéﬁ%@&hﬁf%f%s t hat
perm t pas eenipddydiol LHT3@ 1k @BlocRingNREuenR HAP&IRBly RIdUE LR AINGHBcatRRd

di spl acenent of the prinmer extension product ffom single

126.  The method of any one of claims 117 to 125, wherein the enzyme that
cleaves RNA is RNaseH.

127.  The method of any one of claims 119 and 121 to 126, wherein the
polynucleotide comprising a propromoter and region which hybridizes to the displaced

primer extension product is a template switch oligonucleotide (TSO).

128.  The method of any one of claims 119 and 121 to 126, wherein the
polynucleotide comprising the propromoter comprises a region at the 3° end which
hybridizes to the displaced primer extension product, whereby DNA polymerase extension

of displaced primer extension product produces a double stranded promoter from which

transcription occurs.

129.  The method of any one of claims 117 to 128, wherein composite primer
comprises a 5 RNA portion of about 5 to 20 nucleotides and a 3> DNA portion of about 5

to 15 nucleotides.
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stranded DNA tenplate when its RNA is cleaved whereby anot her conmpo$iMiR 2004

pri mer
wher eby
20020482
conpl ene
met hod f
pol ynucl
reaction
and (ii)

strand, wherein the conposite prinmer conprises an

portion;

hybri di zes and repeats priner extension by strand di spl acenent,

mul tiple copies 102 - 8 MAR 2004 Si ngapore patent App. No.

@iﬁgﬁ"ﬁ@i‘@?ﬁ'ﬁ@ﬁiAp 0. 204 820-3004 of a polR@ﬁPA&%éﬁ@Pﬁ@@&ence

ntary to

eoti

relaime 29 WheEhRg RNACBeHIPBHS 1 Rtk o, sai d

138. A

he target pol ynucl eoti de sequence e
or arrggéfyi ng a pol] ynucl eoti de sequence corrplalgﬁ\arr‘l:gaé1 @)‘Fa t ar get
d -equré‘ﬁé%eﬂé%irﬁ

nu%&idé@ﬁn&ﬂfé@’!]ﬁ%ﬂ%? go?QilsZt(?ﬁgE{l otﬂi‘eg.(i ) a DNA tenplate strand,

a conposite prinmer ridizable to the DNA tenpl ate

merase; and (c).

RNA froman R

permt p
di spl ace

when its RNA (i3 cl enwlityinge teaiplatapolyneclectalepogudnee pontamingtthdbsdqdemesf and

repeats
a polyn
sequence
RNA port
portion.
adj acent
137-140,
of any o
RNaseH.
Pages

RNA portion and a 3'
an enzy t hat, cl eaves

DNA

b -d DNA | .
o ‘DNA ﬁ%@?ﬁﬁ?ﬁw@qﬁn heequ tlmswse i a faget PAlMKIcotidas t hat

%&iﬁ%etﬁﬁ@édn&ﬁr?sﬁ{g}on, primer extension, RNA cl eavage, and

ment of the priner extension product fromthe DNA tenplate strand

v dhe BRuEReat: ity S o2 T A oMy ot et ©
ﬂws@qu@ﬁs@fﬁfeqd\IA%&ioan}&h@aﬁiiig&%eBriﬁﬂeﬁismné%ﬁ, #d 138, wherein the

ion of the conposite priner with respect to the 3' DNA
140. (iDhe memhardnmihe emplifira®9, prathecteifrany HeonbsteRiipwitbrths amourg

e 3 i on. .. Th hod of f clai
of b ifsetgn RSP BPeteisoempb BRI ¢ 1 S Vsed. 142, The met hod

ne of (H ai prodbdilonldldetorhidiyefcivel RRPEAZHIE prdtRictsH @R VIRStemBME AsS

103 - 8 MAR 2004 Si ngapore patent App. No. 200204820-5 Repl acenent

compared to the amount of amplification products from the reference template which
comprises a region complementary to the RNA portion of the composite primer indicates
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 amplification products from the 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.

132.  The method of claim 131, wherein the sequence of the RNA portion of the
composite primer comprises a sequence complementary to wild type sequence, and the
sequence of interest is characterized in determining the presence of absence of the wild
type sequence; or the sequence of the RNA portion of the composite primer comprises a
sequence complementary to a mutant sequence, and the sequence of interest is
characterized in determining the presence or absence of the mutant sequence; or the
sequence of the RNA portion of the composite primer comprises a sequence
complementary to an allelic sequence, and the sequence of interest is characterized in

determining the presence or absence of the allelic sequence.
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March 4, 2004 143. The nethod of any one of clains 137-142, wherein_ ﬁtﬂng
portion of the conposite prinmer consists of about 7 to about 20
nucl eoti des and the DNA portion of the conposite priner consists of about

5 to abou: ' 4. d of any on cl ai ns 37 142

wher ei n ﬁgé%{ﬁp%b?‘%%ﬂgg’#’ﬁ% 2@%‘@1‘@ pri ner congllgl’]é‘ csm 7299 to
about 20 nucl eotides and the DNA portion of the conmp¥inch 2084 consists
of about 7 to about 20 nucleotides. 145. The net hod of any one of clains

1- 30, 53-108, 30 or ,133-136, wherein the R ortlo of .the conposite
primer consi stli31 %a d ﬁ%‘e Big A My8tion 4 @Eaet B ‘é“rt%ot OYBR&Dor ti on of

the conpesirided Dbﬁfﬁﬁﬁatﬁih’}ﬁilﬁﬁ&pﬁfsnﬁ@&ﬂbmﬁné EnAR ankplifidiieh pRIdueRTer 148. A
kit for arrpl ifyin gg ynucl eot i de sequence conprising a conposite
| C@NEGTRY

primer, Whglestian Ben, tvéhepein erlifferomqerin s@rsfoanatmmoompmd taad a 3' DNA

portion, e rfi |te i.nmer

respect tfeofg\ltg ﬁée %ﬂgl%%ganpor P 818’ udg& 18%11853[? H‘E‘Pa B’St?rlgSW E}‘A’hé%nt to
the 3' Dihepfi ﬂlle@tﬁ).phﬁﬁﬂldﬂ}ﬁ*b@tld% :irB ef®Mied BP CohdRBti ﬂtehﬁetﬁ@dmpatyt&te REI Mer
consi sts of about to about 20 nu?l eot i deg and ﬁé DNA portion of the

conposi t lapps He7rt°cldﬁsl?§tt§ 136 o5B3%er B& o about 12 nucl eotides. 149. The kit
of claim 148, wherein the RNA portion of the conposite priner consists of

about 7 to about 20 nucl eotides. 150. The kit of claim 148, wherein the RNA

portion of thé34onpasaethed pf prseucing ansitobsayicompeisibg Atthchigbatblifiddtion
nucl eot i de%{l 151. Thg‘ kit of any one of clains 148-150, wherein the DNA
porti on BfOIPFEs onfogss, glsygstrﬁtq Tﬁéﬁlal@(ﬁr@lcﬁq%raﬁﬂf thecmplHied prodyists whezein the

nucl eot i Qt%ﬁhﬁé‘ét%n (Qﬁtc&'arre g nefidd &Y gﬁ%léﬂﬁ a%i%?x m &[ ?1* z%%(tolﬁg oPNA

portion of the rrp03| rimer on3|

nucl eot i diesns ItU4tolla Woﬂ@ﬁ@rﬂ%gﬁtﬁike patent App. No. 200204820-5

Repl acenent Pages WMarch 4, 2004 153. The kit of claim 148, further
conprising an enzynme that cleaves RNA from an RNA/DNA hybrid. 154. The kit

IOfs %:\g!s g‘H153 139187 BhdnlelR AV EMTR 30D FhertnGfY RN ARPYibA SFHR  ontPIEU Pty Pr i d

is 5” with respect to the 3> DNA portion.

136.  The method of claim 135, wherein the 5> RNA portion is adjacent to the 3’
DNA portion.

137. A method for amplifying a polynucleotide sequence complementary to a
target polynucleotide sequence comprising incubating a reaction mixture, said reaction
mixture comprising:

(a) a DNA template strand;

(b) a composite primer that is hybridizable to the DNA template strand, wherein the
composite primer comprises an RNA portion and a 3> DNA portion;

(c) a DNA-dependent DNA polymerase; and

(d) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from single
stranded DNA template when its RNA is cleaved whereby another composite primer

hybridizes and repeats primer extension by strand displacement, whereby multiple copies
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155. The kit of claim 153, further conprising a DNA pol ynerase. 156. A kit
for anplifying a polynucleotide sequence, conprising a conposite pry @R 3004
wherein the conposite prinmer conprises an RNA portion and a 3' DNA portion,

and wher g i ite priner nsjysts of, gbout 5 to
about 3og‘ﬁﬁ%‘:§§5$§§é§‘9%}éﬁ%‘g&3\mﬁm of the co gpl?ﬁ?qgag%si sts
of about 3 to about 12 nucleotides. 157. A kit for aMsanchy4,,2004

pol ynuc!| ebe pdlensdeetilecequanoerpomplemgniarycorthotirget polynictestjdewhqueataartche
corrpositeﬁfgerri r conprises a 5° RNA portion and a 3' DNA portion, and
wherein € portion of the conposite prinmer consists of about 3 to
about 25 nucleotides and the DNA portion of the conposite prinmer consists
of about 3 to about 12 nucleotides. 158. The kit of claim 157, wherein the
5 RNA portioh3$s ddpgdeddonamplifiing'a polynuplestidaosequdse compkenientarpfo 4 0 ¢l ai m

,  Wh ' ' [ . ' .of the. 5 . ' dth
3 ba e e gR Y ERTREE kot LOREy R R bR e bdiotema SRruaRr R 01 ¢ e

conposi t enipiuren®@mpridiipsi sts of about 7 to about 20 nucl eotides. 161. The kit
of claim 157, wherein the RNA portion of the conposite priner consists of
about 7 to ab&f PIbr AYA tempkite steniprdAGda c@nposisprinesshasin  App. No.
200204820k e A9Gs 0 2. .The. kit of .claim 157,
wherein t%@léonp%@iq%{g%@ner acteo%{l@ﬁig %}Q{é céglp %pr%errtcpgwng?f&nt he 3'
porti on. RNgBporlibe akd & 30DNA pomiohp7, wherein the RNA portion of the
conposite pri n[‘gr &%2(? stg of _about 10 to about 20 nucl eotides. 164. The
kit of claim 9% DNhederen 906 ONA PElNmeFseanen i s adj acent to the 3' DNA
portion. 165. A0 ekidmOfhaP¥aR BN wherein the DNA portion
of the corrppgci-gteep%}hlrer acone'lsi g?\%\p%}t[%gﬁ%ut éﬁélgka (%];3912 nucl eoti des. 166.
The kit wvheminythemecubhtial iaiunder o7dili6rs thahermitrprinie hpblAdipstidn, primef t he

conposite prinme nsists of abqut 7 to.about 12 nucl eoti des.
Al extgnsmn, RNA c?eavage, and cﬁquacement of tﬁe p1l'J1mer extens?on product from the DNA

DNA

template strand when its RNA is cleaved whereby another composite primer hybridizes
and repeats primer extension by strand displacement, whereby multiple copies of a

polynucleotide sequence complementary to the target polynucleotide sequence are

generated.

139.  The method of claim 137 or 138, wherein the RNA portion of the composite
primer is 5° with respect to the 3> DNA portion.

140.  The method of claim 139, wherein the 5> RNA portion is adjacent to the 3’
DNA portion.

141.  The method of any one of claims 137-140, wherein a plurality of composite

primers is used.

142, The method of any one of claims 137-141, wherein the enzyme that cleaves
RNA is RNaseH.

103



167. The kit of claim 157, further conprising an enzyne that cleaves §RHIR 2004
from an RNA/DNA hybrid. 168. The kit of claim 167, wherein the enzyne that
cl eaves RNA froman RNA/DNA hybrid is RNaseH 169. The kit of claim 167,

pol ynucl SarpaeorE Rt AR, NFARTRSARS G (o L?.rn.i'?? imé pishi Bages

conposite prinmer conprises a 5 RNA portion and a 3' 2 wherein
the RNA porti éf3.of Thhmeﬁmﬁ{ﬁsim@nppfdemscldﬂs]@t whablmthelﬁ&NA@oﬁmn@lﬁdm 20

nucl eot i |on f the site nsi sts of about 7
to about g%g‘p 89%&1“&%?."8%%3 zgf Wg@g&ggﬁﬂleﬁﬁﬂiﬁgm&pﬁg{ onfdifes RNA
froma R?ﬂ&rhmeﬂamlcsn&s’mfabmesl@abda_tz@hadléeuhzs!, wherein the 5° RNA
portion is adjacent to the 3' DNA portion. 106 - 8 MAR 2004 Si ngapore

pat ent App. No. 200204820-5 Repl acerrent Pages I\/arch 4, 2004 172. The kit

of claim 170, er e C i r ortion
and the 3' Mp}or ?lhgﬁr{e f%%ﬁ% %(8{ 35?1%31‘7 ere] té?ﬁﬁ*?ﬂ%”&?ﬁrﬂ%m te
priner conspsdite poiimer ensists BNboup o0 td Muﬁl’(ﬁnﬁd[&naes INALPDNA gﬂrtloiliz)‘ﬁtheThe ki t
of claim 170, wherein the enzyne that cleaves RNA from an NA/ DNA hybri d

i s RNaseFPMBYSe Prmer gpsiss Oﬁb&uw iughouperedleptida® conposite primer consists
of the 5 RNA portion and the 3' DNA portion. 176. The kit of claim 148,
further conprising a set of instructions for carrying out a nethod

conpri si ng i ntdbat | Thgmthod&fftahpbnﬂbf«tlmml -3®i53-108aC19-030 it KI3UI3S, conpri si ng:
(a) aco 0 sing (i), a DNA tenplate strand, and (ii) acorrp03|te
pri mer ‘Eelr}é‘ Wmﬂw&bﬁf@q ‘@WRP@“WP%‘FP@F’&ES@@W‘&%O a\hﬁ‘étr?él n the

COMPOS| { BuAEMIIRS aSPIRRINE DoRion b FRNOHRRISHE BlndP s b) a
DNA pol yner ase; aﬁn(gm?c) aﬁ)oehoznyrreﬂ\ﬁbat cft gves Py o%pﬁwmsgybr id;
wher ei n tidedtidesibati on is under conditions that pernmit prinmner
hybri di zati on, prinmer
148. A kit for amplifying a polynucleotide sequence comprising a composite
primer, wherein said composite primer comprises an RNA portion and a 3 DNA portion,
wherein the RNA portion of the composite primer is 5° with respect to the 3’ DNA portion,
wherein the 5° RNA portion is adjacent to the 3> DNA portion, and wherein the RNA
portion of the composite primer consists of about 5 to about 20 nucleotides and the DNA

portion of the composite primer consists of about 3 to about 12 nucleotides.

149.  The kit of claim 148, wherein the RNA portion of the composite primer

consists of about 7 to about 20 nucleotides.

150.  The kit of claim 148, wherein the RNA portion of the composite primer

consists of about 7 to about 18 nucleotides.

151.  The kit of any one of claims 148-150, wherein the DNA portion of the

composite primer consists of about 5 to about 12 nucleotides.

152, The kit of any one of claims 148-150, wherein the DNA portion of the

composite primer consists of about 7 to about 12 nucleotides.
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extensi on, RNA cl eavage, and di spl acenent of the priner extension pr@ﬂxﬁﬂm
fromthe tenplate when RNA is cleaved fromthe prinmer extension prodl
wher eby anot her conposite priner hybridizes and repeats prinmer extension

by strang;gl 7: ' _gl aim 156, f r bS] a set
of instr ué@%ﬁé&@ﬁ%&ré&}ngJ@&g4%%gd conpri si n%éﬁ@gggé%%{%acti on
m xture, said reaction m xture conprising: (a) a corrg‘d@ic q ng (i) a
DNA t enpl at e $#3-andhe kii@f claim 148.durthersiomwrisingmerenzirhaithat eleanel RN fabl e t o
t he DNA nd, wherein the conposite priner conprises a 5 RNA
portion éﬁg&dﬂ&%&ﬁ%rti on; (b) a DNA polynerase; and (c) an enzyne that
cl eaves RNA from an RNA/DNA hybrid; 107 - 8 MAR 2004 Si ngapore patent App.

No. 200204820»-%@Reﬁgac,ement_ Pages March 4, 2004 wherein the incubation is
under conditi &S t ARE KibeF shaim b3 mdkereip g enzymeithnt clegyesRINA fegrpensi on, RNA

cl eavageprnaHNH 5RLAEETBMeQf the priner extension product fromthe
t enpl at e when RNA%S cl eavsgg'fromthe primer extension product whereby

anot her conposite primer hybridizes and repeats prinmer extension by strand

di spl acenent . 8. . The kit of claim 157, further conprising a set of

i nstructions 11%{ cgp?gitﬁéda%tlg%&%bﬂc?&n@%gia@mgHO %% ng a reaction
m xture, said reaction m xture conprising: (a) a conplex conprising (i) a
DNA tenpl ate strand, and (ii) a conposite primer that is hybridizable to
the DNA tenpl &% sArkantdr amphfienga pblgnedeqieistquepcd, vempriginp hicemposite 5 RNA

portion and a 3' DNA portion; (b) a DNA pol ynmerase; and (c) an enzyne that
cl eaves RNR %%t}ﬁwmﬂt%@fﬁw%’ro@%@e RePrie#d 2 énB)Né RATHER

condi t i 0l hébinRBE RNA BeritRbr NRGHHOEH brifler RALTRof a6tk 815 bOSL 3HNA
cl eavage, and di splacenent of the priner extension product fromthe

t enpl at enygeaiidpiand e ONeA pediohrafithe drenpmsiterprimex tanssisarf apowtuiotabohiek2e by

anot her n&c?{[RﬁSi te prinmer hybridizes and repeats prinmer extension by strand
di spl acenent. T79. The kit of claim158, further conprising a set of
instructions for carrying out a method conprising incubating a reaction

m xture, said reaction mxture conprising: (a) a conplex conprising (i) a
DNA tenpl at e 5¥%and kitied applifying & pelpoedileatideisequence, chaprising hybmpdsiteabl e t o

the DNA }t)r%ggtl, Hrretd {h%rz:gmp\é’ﬁ?erﬁ'imnertc%%lp%ose Y Il{ﬁA%ro{'tﬂ)Ff\lran%Oa@ rﬂﬁg%ogion,
and wherein the RNA portion of the composite primer consists of about 3 to about 25

nucleotides and the DNA portion of the composite primer consists of about 3 to about 12

nucleotides.

158.  The kit of claim 157, wherein the 5> RNA portion is adjacent to the 3’ DNA

portion.

159.  The kit of to claim 157, wherein the composite primer consists of the 5'
RNA portion and the 3' DNA portion.

160.  The kit of claim 157, wherein the RNA portion of the composite primer

consists of about 7 to about 20 nucleotides.

161.  The kit of claim 157, wherein the RNA portion of the composite primer

consists of about 7 to about 18 nucleotides.
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5" RNA portion and a 3' DNA portion; (b) a DNA polynerase; and (c) an
enzyne that cleaves RNA froman RNA/DNA hybrid; wherein the incubat-iBoMR 2504
under conditions that permt prinmer hybridization, prinmer extension, RNA

cl eavage q; L.spl t i extensi on prgdugt fromghe

t enpl atesmg%pﬁ{kéﬁﬁggﬁfég&)égﬁﬁmﬁgﬁ'ﬁmr ext ensi erﬂf&&&?“ﬁ%ﬁ%y
anot her corrpositeTpri mer hybridizes and repeats pri arsh $n20h by strand
di spl acenment . 1930. Thakitkificlaph 1617 awherdinGhe ¢ampdsie poorpromsistgofahs SRNA

i nstructi f.or car.ryd ut a nethod conprising incubating a reaction

i xt ure, pgﬁfogapg&eﬁ &%N%i%&rﬁ?lb conprising: 108 - 8 MAR 2004 Si ngapore
patent App. No. 200204820-5 Repl acenent Pages March 4, 2004 (a) a conpl ex
conprising (i) a DNA tenplate strand, and (ii) a conposite priner that is
hybri di zabl e t163t hdhoki of slaimdé, whergindhe RNy partion hithe snmpssiteepridrmer

conpri se ey t '..DNA portion; (b) a DNA pol ynerase; and
(c) an e%%@srlrséss?%éaﬁpﬁtcﬂgg)v%gﬂmg‘fc?%%d% RNA/ DNA hybri d; wherein the

i ncubation is under conditions that permt prinmer hybridization, priner
extensi on, RNA cl eavage, .and di spl acenent of the priner extension product
fromthe tem%ﬁ%teT\Rﬁgﬁ0FQRI]@W§6§4‘é’é\‘iﬁ@‘@tm8rﬁl‘ﬂlh@oﬁtqnﬁéﬁdjé§@tnéﬁsﬁh©ﬁ'IB dduct
wher eby %&gfoﬂ?r conposite priner hybridizes and repeats priner extension
by strand displacenent. 181. The kit of claim 171, further conprising a set
of instructions for carrying out a nethod conprising incubating a reaction

DNA el at o 367 and b K AN s GOl el herein TRQINASORYBIATaNS dbl & €0
the DNA E&w&%ﬁ”%@a&iﬂ%ﬁﬁ?ﬂ?E‘g&ﬁﬁg\@{?ﬁ%lé&i&g'l mer conprises a 5 RNA

portion and a 3 portion pol ynmerase; and (c) an enzyne that
cl eaves RNA from an RNA/DNA hybrid; wherein the incubation is under

conditions th perm t. prinmer hybri.di ion, prinme extension,_. RNA

cl eavage, and?é‘?'sprrg]?:gﬁé’ﬁﬁn%?nfi lﬂmsﬁg%'_lgﬁl(t‘@ﬁ%'?@ﬁf’?)PB%EQ“IP?SFﬁhFhe

tenpl at e ckigesiRMinict c6ALAY 8aHROMI MRuPI] ARlediibens! on product wher eby

anot her conposite primer hybridizes and repeats prinmer extension by strand

di spl acement .
167.  The kit of claim 157, further comprising an enzyme that cleaves RNA from
an RNA/DNA hybrid.

168.  The kit of claim 167, wherein the enzyme that cleaves RNA from an
RNA/DNA hybrid is RNaseH.

169.  The kit of claim 167, further comprising a DNA polymerase.

170. A kit for amplifying a polynucleotide sequence comprising a composite
primer, wherein said composite primer comprises a 5' RNA portion and a 3’ DNA portion,
wherein the RNA portion of the composite primer consists of about 10 to about 20
nucleotides and the DNA portion of the composite primer consists of about 7 to about 12

nucleotides; a DNA polymerase; and an enzyme that cleaves RNA from a RNA/DNA
hybrid.

171.  The kit of claim 170, wherein the 5° RNA portion is adjacent to the 3> DNA

portion.
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182. A nethod of characterizing a target polynucl eoti de sequence conpri sing
characterizing a nucleic acid anplification product, wherein said nuglMARQ004
acid anplification product is generated by a nmethod conprising: (i)

hybri di zj gppg e qﬂﬂ) In_&i ng the co t ar get
sequencesvi\?‘vfﬁ)a c %‘rposﬁtgéi’br?‘ltérfer, sal Olc%rrposi te pr I’*ﬁi@ﬁ@gkg&{rgﬁggén RNA
portion and a 3' DNA portion; (ii) optionally hybri dYA¥R 2&Q‘Cnucl eot i de
conprising a termnation polynucleotide sequence to a region of the

o bad tonpl ak: (5 R bEoRER AT Ren Biisstitl B o BT FV ey ase:
109 - 8 péiRoR@Dd IR NDAOpertipat ent App. No. 200204820-5 Repl acenment Pages

March 4, 2004 (iv) cleaving the RNA portion of the anneal ed conposite
primer with an enzynme that cleaves RNA from an RNA/DNA hybrid such that

e enzym caves RNA f hybrid such
axt enai on by ST anierEel Sakeire Al A S RhE AR S04

pr oduct spatioprhdiled®' DNA partiget sequence are generated. 183. A net hod of
characterizing a target polynucl eotide sequence conprising characteri zing
a nucleic acid anplification product, wherein said nucleic acid

anpl i f1 cat | ony7pr OHCkic bPigRRPIALAMLIAYN ot B4 A0S ORNASHOA frdeh bn YD | i 2i ng

a DNA tenplate strand conpri sing e target” sequence with a conposite
primer, BAAIDMNhdwidis RiNaseldr conprising an RNA portion and a 3' DNA
portion; (ii) optionally hybridizing a polynucleotide conprising a
termnation polynucleotide sequence to a region of the tenplate which is

5 with respegts.t oThdWipb damal 48 Wikeih AR RPN biEmbH doiBitslo? ﬂ;%as' ;mg mpl at e;
(iii) extending the conposite primer wth pol ynmerase; (iv) cleaving the
RNA por t P@tionand the 34RMapertiosonposite prinmer with an enzyne that cleaves
RNA from an RNA/DNA hybrid such that another conposite prinmer hybridizes to
the tenplate and repeats priner extension by strand di spl acement, whereby

nucl ei ¢ acid 171p! Thé rai@b'faanmmlfﬁﬁ&r%@ﬂs?ﬁgiﬁg B9etl JTSnRORHRBPEarfing he
target sequence are generated. 184. A method of detecti ng whet hér a target

pol ynuc| @¥ta rethedeeraprésng sicphasingpreadtion aniztung Isaid reaiidn méxtodcanpr jsingsi ng
det ecting Whefak)]grcoﬁlmaextc%{rg)?itsinﬁe(\ﬂ YHHGE ti:r%pﬁ{ees%%pl R aing (ﬁ) a composite primer
that is hybridizable to the DNA template strand, wherein the composite primer comprises a
5" RNA portion and a 3° DNA portion;
(b) a DNA polymerase; and
(c) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from the
template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

177.  The kit of claim 156, further comprising a set of instructions for carrying
out a method comprising incubating a reaction mixture, said reaction mixture comprising:

(a) a complex comprising (i) a DNA template strand, and (ii) a composite primer
that is hybridizable to the DNA template strand, wherein the composite primer comprises a
5' RNA portion and a 3° DNA portion;

(b) a DNA polymerase; and

(c) an enzyme that cleaves RNA from an RNA/DNA hybrid;
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nucleic acid anplification product, wherein said nucleic acid anpli fhc@Ri
product is generated by: (i) hybridizing a DNA tenpl ate strand conpfi r@ﬂ
t he conpl enent of the target polynucleotide with a conposite priner, said

conposi t &;: QL Y\ on and a 3' ortions (i)
opt i onal fs;’ﬂ%grsi%l?%%{ %‘ﬁ%@ﬁmqmd‘&mi sing a &P crc;gg?lbtgPaées

pol ynucl eoti de sequence to a regi on of the tenplate wWWlanehi4, 2004y t h
respect tWherdiy Hhejiagubatipmis unter ¢oaditionp sl eyt prireer tybridiration, ripleat e; (iii)

extendin skte priner. wth ol ynerase; .(iv) .cleaving the RNA
portion g#epﬁ%&gﬁﬁgac:le@&a%o r%gﬁswgc%’?q%gﬁ%‘ﬂwéﬁx@ﬂ? odpgfdfont feaves RNA
from an RWBIERNAVHMIRINA iseledvedTadm BRYMARS &RARBS biRIuBl WRBELyldR tier 8 MAR 2004
Si ngapore patent App. No. 200204820-5 Repl acenment Pages Narch 4, 2004
hybri di z&8mpesiterpaines iybrdigesand reegatsanrimesroxtansion by stranddisblgcestanand

di spl acenent, whereby nucleic acid anplification products conprising the
target sequence are generated. 185. A nethod of detecting whether a target
pol ynucl eot i dé78eq@be&e of $laph S Murthértotpeidiigl atset SBnStriBBLRAO L CQMARE ST NY
detecting whether the target sequence is present in a nucleic aci

anpl i fi o Byt DR goRPprising drwbaing wagtinn rapduracsaid rgagsionfmixtire eempriseRict i s
generated by: (i) i djzl . ra C rising the target
seqguence vvith(agacggﬁg%ﬂsﬁ r%‘rii} 1r, séﬁ%&%%%%ggakpé&girﬂﬁgggorg (r)r%r%ipsnlr%eé an RNA
portion HrtlishybridiDhifle tpdretDNA;tefipla)e sojand omedreiv thydvnsbszé pgmer @ahprisesheot i de
conpri si al ynucl eoti de sequence to a region of the

term natj o,
t enpl at egwquéonsan‘i/ﬁghl)&és%@?n;t o hybridization of the conposite primer
to said tenpl ghe DNA dolvEELENdLN9 the conposite prinmer with DNA pol ynerase;
(iv) cleavi ng@he RNA{5 p%rféitaoﬁ o‘? t he anneal ed conposite prinmer with an
enzyme that ()eavesyrRhhaf cloanea RNRNAGENA RWAVDN Ashydinidt hat anot her conposite
primer hybridizes to.the t | at.e anﬁ]ﬁr epeat s, pri ner. _extension by strand
di spl ace??%lﬁ’ie,m%ﬁél?cé’%fluorh]ﬁ&‘f’g%oaé]iuansa i RE RO 1%}36%@1% BOmWSTi sing the
conpl enegkteiod, RNA 8ledPdges SAERALH Rt oHRE BfiftleExtension product from the

template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

179.  The kit of claim 158, further comprising a set of instructions for carrying
out a method comprising incubating a reaction mixture, said reaction mixture comprising:

(a) a complex comprising (i) a DNA template strand, and (ii) a composite primer
that is hybridizable to the DNA template strand, wherein the composite primer comprises a
5" RNA portion and a 3’ DNA portion;

(b) a DNA polymerase; and

(c) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from the
template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

180.  The kit of claim 170, further comprising a set of instructions for carrying

out a method comprising incubating a reaction mixture, said reaction mixture comprising:
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186. The nethod of claim 184 or 185, wherein said target sequence conprises
a nutation. 187. The method of claim 186, wherein said nutation is_@mr %UUL
si ngl e nucl eotide pol ynorphism 188. The nmethod of claim 184, wherein the

t ar get sgghlgglg i d dng jzkng said anplh{i i ct with
a nucl ei c aci Elééréggﬁ%tﬁ%i)ﬁs ybri |428a200|2§ to said tg%@%g%%& 11 - 8
MAR 2004 Singapore patent App. No. 200204820-5 Repl ad¥i#dieh 2di4 March 4,
2004 189. The(dBtonswplextcommaismgl®s DNAetemiptate $irant sangdii) s equposie pirgnalet ect ed

b hybr Ldi zi .Sa| |idN. cat roduct, wi.th a nucleic.acid probe that
72 hybr1 R SR BRle SR rR SR i i ol B iR Gor B e
met hod of' RNAiporti@Bardra INAVeti@i;n sai d nucleic acid probe conprises

RNA. 191. The haod of claim 188 or 189, wherein said nucleic acid probe
conprises 192! RePNBtnobanease;pad m 188 or 189, wherein sai d nucl ei ¢ acid

probe conpris glyﬁz,qjggjt NA- N AT {’rgt gﬂltl i.m 188 or 189, wherein
sai d nucleic g@ia pro ehcorrparvi:leggyA?)rgp |dlg‘ﬁnuc éicﬂ g(r‘;i}q (PNA). 194. The

met hod oWwheteai the 1188 bationli8 Ondasvenditionstbthepimnipeines hpb@c(!jilzﬁtﬁﬂl, pamer _

m croarray. 195 e, nmethod of claim 194, wherein said m.croarray conprises
the pr obﬁ%e’?%mf? sleavags. apddislacement otihe PumereKtensinn progugt diomnthes el ect ed
from t hegiue wheRRINA {<NGe £ : ' r.opyl.ene, nylon,
pol yacryl anlgage, nitr oceSI I uﬁgge@ﬁg@ﬁ Elg{ﬁ?égtﬁlg% t?gﬁl‘ﬁ%‘}b{&ré B%"g ~The

met hod ofompeitaplig®y hybrédisisrant hepeaapgintier srgnancby sisardetigdiceheny |im ted
prinmer extension. 197. A kit for anplification of a pol ynucl eotide _
sequence, conprising (a) a conposite priner conprising a 3' DNA portion

I o 1% P4 ST 1 Dl S 5 Ay
out a method comprising incubating a reaction mixture, said reaction mixture comprising:
(a) a complex comprising (i) a DNA template strand, and (ii) a composite primer
that is hybridizable to the DNA template strand, wherein the composite primer comprises a
5" RNA portion and a 3° DNA portion;
(b) a DNA polymerase; and
(¢) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from the

template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

182. A method of characterizing a target polynucleotide sequence comprising
characterizing a nucleic acid amplification product, wherein said nucleic acid amplification
product is generated by a method comprising:

(1) hybridizing a DNA template strand comprising the complement of the target
sequence with a composite primer, said composite primer comprising an RNA portion and
a 3’ DNA portion;

(ii) optionally 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 to said template;

(iii) extending the composite primer with DNA polymerase;
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- 8 MAR 2004 Singapore patent App. No. 200204820-5 Repl acement Pages March
4, 2004 198. A kit for sequencing a target nucl eotide sequence, cor-r}armﬁlzmj
(a) a conposite prinmer conprising a 3' DNA portion and an RNA portion, and

53 65, 1001410075 Bafan AR NG A2 gR07E, 2° O ?Ré#ﬁ%v@f?% €&uence

of interest in a target polynucleotide, conprising ( te priner
conprising a §v) Ml%?hedﬁﬁxmﬂmmﬂﬂmmalﬁdompw@ pripigy Withstorangymons f or

carryin ail 18 80 1 9-110, 131- 132,
Ta5. ” anq b5 RISH A%, &) RAAYBRIA BN Aol el Ran B edrp P g

pol ynucl hytiridigss t6 ﬂmempla&gar(d&}:pe”ats QRRQAXtdnSioR by FRAnE @Plathhdh vaheBebyDNA
portion a“g an RNA portion, and (b) instructions for carryi ng out "t he

et hod oy 2 aeiiioationirpductgdorsmrisingibe (reet se@EnCnHS CLUBAeR0L, A kit for
produci ng a m croarray, conprising (a) a conposite prinmer conprising a 3'
DNA portion and an RNA portion, and (b) instructions for carrying out the
met hod of anyl&F. cAahetho®0f c%ci&&;ng@%a@ﬁolyﬁﬁ&e&f&é se@Rdce forkprisidgOr I
detecting whether a et poI cl eotide sequence is present in_a sanple,
conpri si g‘!fr Cé‘ﬁnzén%:%ﬁi’a‘g@gta@ ;5’1“} atQRspslustwharein saidaclsis acidbamplificaian RNA
portion, ( LA, df yi ng out the nethod of any of clains
184- 196. p%ggc“% eﬂe%&ég)? any gf&gﬂp?g{ng 197-202, wherein the RNA portion is
5 with (iy bgpalizing e DN téihplmtrpnﬁ d:ompns1@ﬂ;e téEQﬁ skdpienod withai coniposite wher ei n

the 5° RNA portion is .adjacent to the 3 portiaon. 205. The kit of any
of ecI ai nt S?@ﬁomﬁ’fﬁlﬁﬂgfmﬁ?ﬁﬁ‘rwl@iﬂﬁ@n IPQHW(E‘I@Q@|3d@N"E\,@ﬁﬁMHS| ng a

ropr onot er. i Ieotlde
ot o ng. & CPopudhanbrialsiy pdyAlioitBEh Shhs 8 (R PO ent Avp.
No. 20020%8@@@@9}51:@‘@9%@& I?glgasf thektemplate, wRiOb4s 2 0#ith fEegeckidc of cl ai m 205,

wherei n B}B%d‘i’ n 0 th%octolm%%sff‘e };r;{?n';.lerstb g%d terﬁ;r)la er omoter is a FTQ

(iii) extending the composite primer with DNA polymerase;

(iv) 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 hybridizes to
the template and repeats primer extension by strand displacement, whereby nucleic acid

amplification products comprising the complement of the target sequence are generated.

184. A method of detecting whether a target polynucleotide sequence is present
in a sample, said method comprising detecting whether the target sequence is present in a
nucleic acid amplification product, wherein said nucleic acid amplification product is
generated by:

(i) hybridizing a DNA template strand comprising the complement of the target
polynucleotide with a composite primer, said composite primer comprising an RNA
portion and a 3° DNA portion;

(ii) optionally 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 to said template;

(iii) extending the composite primer with DNA polymerase;

(iv) 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
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208. The kit of any of clains 197-207, further conprising an enzyme Wﬂ)ﬂfﬂl&
cl eaves RNA from an RNA/DNA hybrid. 209. The kit of claim 208, wherd b
enzyme is RNaseH 210. The kit of any of clainms 45-52, 115, 116, and

) S . . of
oy of criMEApGFe RARRC DI NG EIGARAANS | 5 c2 T §§%§ eFRgY ©

01/ 20035 SEQUENCE LI STI NG <110> Kurn, N. <120> MET | TI ONS FOR
LI NEAR | é@rﬁjlmm heNPIP EeGATH repeaGRPTENNKTS BO DY DEaSEGSENGES: N 18igzeby

SR S o Bl S e S 21
<223> Chinmeric DNA/RNA prinmer. |A005 <400> 1 acggaugcgg ucuccagtgt <210> 2
<211> 20 <212> DNA <213> Synthetic prinmer <220> <223> Chineric DNA/ RNA
primer. 1AO1 85. A method of detecting whether a target polynucleotide sequence is present
in a sample, said method comprising detecting whether the target sequence is present in a
nucleic acid amplification product, wherein said nucleic acid amplification product is
. generated by:
(i) hybridizing a DNA template strand comprising the target sequence with a
composite primer, said composite primer comprising an RNA portion and a 3> DNA
portion;
(ii) optionally 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 to said template;
(iii) extending the composite primer with DNA polymerase;
(iv) 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
hybridizes to the template and repeats primer extension by strand displacément, whereby
nucleic acid amplification products comprising the complement of the target sequence are

generated.

186.  The method of claim 184 or 185, wherein said target sequence comprises a

mutation.

187.  The method of claim 186, wherein said mutation is a single nucleotide

polymorphism.

188.  The method of claim 184, wherein the target sequence is detected by
hybridizing said amplification product with a nucleic acid probe that is hybridizable to said

target sequence.
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<400> 2 acggaugcgg ucuccagtgt <210> 3 <211> 21 <212> DNA <213> Syé;hhetl c
primer <220> <223> Chineric DNA/RNA priner. |A020 <400> 3 gacggau 6R 2004
gucuccagtg t <210> 4 PCT/ US00/ 25104 20 20 21 pa-519775 1 WO 01/20035 <211>

<212% [ ' @2_ > <223> Chi i mer
<400> 4 gcﬁg%;gcgg 5@%@%@’%2‘2"%‘%@‘2 02 5 <211> 2@;5%@%
Synthetic priner <220> <223> Chineric DNA/ RNA pri ner ggat gcg
guctccagtg t 189. Themethod of claim 185, wherein the target sequence is detected by

hybridizing said amplification product with a nucleic acid probe that is hybridizable to the

complement of the target sequence.

190.  The method of claim 188 or 189, wherein said nucleic acid probe comprises

DNA.

191. The method of claim 188 or 189, wherein said nucleic acid probe comprises
RNA.

192. The method of claim 188 or 189, wherein said nucleic acid probe comprises
RNA and DNA.

193. The method of claim 188 or 189, wherein said nucleic acid probe comprises

peptide nucleic acid (PNA).

194.  The method of claim 188 or 189, wherein said probe is provided as a

microarray.

195.  The method of claim 194, wherein said microarray comprises the probe
immobilized on a substrate fabricated from a material selected from the group consisting of
paper, glass, plastic, polypropylene, nylon, polyacrylamide, nitrocellulose, silicon, and

optical fiber.

196.  The method of claim 184, wherein the target sequence is detected by limited

primer extension.

197. A kit for amplification of a polynucleotide sequence, comprising (a) a
composite primer comprising a 3> DNA portion and an RNA portion, and (b) instructions
for carrying out the method of any of claims 1-18, 109-110, 117-119, 122-130, and 137-
145.
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<210> 6 <211> 21 <212> DNA <213> Synthetic primer <220> <223> Chi ngﬁh%?\w
DNA/ RNA prinmer <400> 6 gacggatgcg guctccagug t <210> 7 <211> 24 <21
<213> Synthetic primer <220> <223> Chinmeric DNA/ RNA priner <400> 7

S SIS ., 1 Bt e

tacgactcac tatagggaga gatcgagtag ctccggtacg ct gatcaa g 67 <210>
9 <211> 60 pad9%1977M8t for sequencing a target nucleotide sequence, comprising (a) a

composite primer comprising a 3> DNA portion and an RNA portion, and (b) instructions

for carrying out the method of any of claims 19-22, 53-65, 109-110, 120-130, and 145.

199. A kit for characterizing a sequence of interest in a target polynucleotide,
comprising (a) a composite primer comprising a 3° DNA portion and an RNA portion, and
(b) instructions for carrying out the method of any of claims 23-26, 66-80, 109-110, 131-
132, 145, and 182-183.

200. A kit for detecting a mutation in a target polynucleotide, comprising (a) a
composite primer comprising a 3> DNA portion and an RNA portion, and (b) instructions

for carrying out the method of any of claims 27-29, 81-95, 109-110, 133, and 145.

201.  AKkit for producing a microarray, comprising (a) a composite primer
comprising a 3° DNA portion and an RNA portion, and (b) instructions for carrying out the
method of any of claims 30, 96-110, 134-136, and 145.

202. A kit for detecting whether a target polynucleotide sequence is present in a
sample, comprising (a) a composite primer comprising a 3> DNA portion and an RNA

portion, and (b) instructions for carrying out the method of any of claims 184-196.

203.  The kit of any of claims 197-202, wherein the RNA portion is 5’ with
respect to the 3° DNA portion.

204.  The kit of claim 203, wherein the 5° RNA portion is adjacent to the 3> DNA

portion.

205.  The kit of any of claims 197-204, further comprising a polynucleotide

comprising a propromoter.

206. The kit of claim 205, wherein the polynucleotide comprising a propromoter
isa TSO.
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WO 01/ 20035 <212> DNA <213> Synthetic prinmer <220> <223> | A012b -8 MAR 2004
PCT/ USO0/ 25104 <400> 9 taat acgact cactataggg agagat cgag tagctccggt .
acgctgatca aagatccgtg 60 <210> 10 <211> 48 <212> DNA <213> Synt heti c

prinmer < > 0 0 t@acgact cacta tac

gct gat cagg&%aq(g%%ﬁatél@ ég?o&%@f@aﬁ <212> iﬁ%ﬂgg %’%ﬁﬁ& pri mer
<220> <223> | A015b <4:00> 11 ggaattctaa tacgactcac tMaLg g’aé’&ﬂﬁcggt acgct
gat caaagat ccgtg 55 <210> 12 <211> 55 <212> DNA <213> Synthetic primer

<220> <223> i ot ecule tac | AO15¢c <400> 12
ggaattct aa ta@jgct Eﬁcﬁﬁgf@ 2@% d@ﬁyngla 82%@5@13%5&1@ gypuggromoter
isa PTO.

208.  The kit of any of claims 197-207, further comprising an enzyme which
cleaves RNA from an RNA/DNA hybrid.

209. The kit of claim 208, wherein the enzyme is RNaseH.

210.  The kit of any of claims 45-52, 115, 116, and 148-181, further comprising

instructions for carrying out the method of any of claims 1-18, 109-110, 117-119, 122-130,
and 137-145.
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$ <210>
<400>
19775
<400>
<213>

ggt ct

13 <211> 21 <212> DNA <213> Synthetic prinmer <220> <223> |A010

13 atgtcatggt catggtcgtg t <210> 14 <211> 31 <212> DNA 21 pa-83MAR 2004
04 WD 01/ 20035 <213> Synthetic priner > < > | A0O14

14 ctéaacacga ccatgaccat gacatttgtt g <210> 15 <2%%&"§§&%§%12> DNA

Synthetic primer <220> <223> | AO0O4 <400> 15 cgcatacgga atagcttacc

<210> 16 <211> 23 <21%%QBHQE<E&§%N§ynthetic prinmer <220>

<110> Kurn, N.

<120> METHODS AND COMPOSITIONS FOR LINEAR
ISOTHERMAL AMPLIFICATION OF POLYNUCLEOTIDE SEQUENCES

<130> 492692000100

<140> Herewith
<141>

<160> 22

‘ <170> FastSEQ for Windows Version 4.0

<210> 1

<211> 20

<212> DNA .
<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer.

IA005

<400> 1
acggaugcgg ucuccagtgt 20

<210> 2

<211> 20

<212> DNA

<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer.

IAQ019

<400> 2 )
acggaugcgg ucuccagtgt 20

<210> 3

<211> 21

<212> DNA

<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer.

IA020

<400> 3
gacggaugcg gucuccagtg t 21

<210> 4

pa-519775 1



<223> | A006" PCTI USCO/ 25104 31 25 <400> 16 cggtacgctg atcaaagatc cgt2§ maLeRr
17 <211> 351 <212> DNA <213> Synthetic prinmer <400> 17 cggtacgctg
at caaagaivo \agb@saacaaat gt cat ggt cat ggt cgt gt t gagcgcag60 cagraegehPsiheCcot t aaaa
t cccggcaggggt ggacact ggagaccgcat ccgt ctt gc120 gggcgaaggt gaagcgggcg
ageamtiggegcaccggcaggcgat ct gt acgtt caggtt cal80 ggttaaacag cacccgattt
t cgagsgipgaaggcaacaacct gt at t gcgaagt cccgat 240 caacttcgct at ggcggcge
t g0 cgaaRt C¢ paimaccgaccct t gat ggt cgcgt 300 caaact gaaa gt gcctggcg
aaacccagaccggt aagctattccgt at gcg351 <210> 18 <211> 115 <212> DNA <213>
Syfdfeti c prinmer <220> <223> | AO13 <400> 18 cggtacgctg atcaaagatc
cgf¥rczaChbmeri 6t WA Pt PEARYIyt cgt g ttgagcgcag 60 caaaacgctg tccgttaaaa
- _tcgﬂnncagg ggt ggacact ggagaccgca tccgt 115 <210> 19 <211> 100 pa-519775 4

WO

5

gcaaqd 89? ugcggucucc agtgt 25
<210>

<211> 21

<212> DNA

<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer

<400> 5
gacggatgcg guctccagtg t 21

<210> 6

<211> 21

<212> DNA

<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer

<400> 6
gacggatgcg guctccagug t 21

<210> 7

<211> 24

<212> DNA

<213> Synthetic primer

<220>
<223> Chimeric DNA/RNA primer

<400> 7
gacggatgcg guctccagug ucca 24

<210> 8

<211> 67

<212> DNA

<213> Synthetic primer

<220>
<223> IA012

<400> 8
ggaattctaa tacgactcac tatagggaga gatcgagtag ctccggtacg ctgatcaaag . 60
atccgtg 67

<210> 9
<211> 60

pa-519775 )



<212> DNA <213> Synthetic prinmer <220> <223> | A009 PCT/ US00/ 25104 <400A>R 210&
“agtgtccacc cctgccggga ttttaacgga cagegttttg ctgcgetcaa cacgaccatg 608 M
accat gacaO ovmpiyycacg gatctttgat cagcgtaccg 100 <210> 20 Pé%%@é@ﬂg <212>
-DNA <213> Bact eri ophage <400> 20 taatacgact cactataggg agag < 1 <211>
7 «<3322>pANA <213> Synthetic priner <400> 21 ggaattc <210> 22 <211> 12
<21Z313DNyntr@di3>pSymdhet i ¢ primer <400> 22 atcgagtagc tc 24 7 12 pa-519775

5
<220>

<223> IA012b

<400> 9
taatacgact cactataggg agagatcgag tagctccggt acgctgatca aagatccgtg 60

<210> 10

<211> 48

<212> DNA

<213> Synthetic primer

<220>
<223> IA01S5 .

<400> 10
taatacgact cactataggg agagcggtac gctgatcaaa gatccgtg 48

<210> 11

<211> S5

<212> DNA

<213> Synthetic primer

<220>
<223> IA015b

1 <400> 11
“.ggaattctaa tacgactcac tatagggaga gcggtacget gatcaaagat ccgtg 55

<210>.12
1 <211>°55

<212> DNA

<213> Synthetic primer

<220>
<223> Guanine has biotin molecule attached.
IA015c

<400> 12
ggaattctaa tacgactcac tatagggaga gcggtacgct gatcaaagat ccgtg 55

<210> 13

<211> 21

<212> DNA"

<213> Synthetic primer

<220>
<223> IA010

<400> 13 .
atgtcatggt catggtcgtg t 21

<210> 14

<211> 31
<212> DNA

pa-519775 3



C.<212>

-8 MAR 2004

WO 01/20035 PCT/US00/25104

<213> Synthetic primer

<220>
<223> IA014

<400> 14

ctcaacacga ccatgaccat gacatttgtt g 31
<210> 15

<211> 25

<212> DNA

<213> Synthetic primer

<220>
<223> IA004

<400> 15

cgcatacgga atagcttacc ggtct 25
<210>
<211> 23

<212> DNA

<213> Synthetic primer

16

<220>
<223> IA006

<400> 16

-.cggtacgctg atcaaagatc cgt 23
<210>
<211>

17

351
DNA
<213> Synthetic primer

<400> 17

cggtacgctg
caaaacgctg
gggcgaaggt
ggttaaacagqg
caacttcgct
caaactgaaa

<210>
<211>
<212>
<213>

18
115
DNA

<220>

<223>

<400> 18

cggtacgctg atcaaagatc cgtgcaacaa atgtcatggt catggtcgtg ttgagcgcag

IA013

atcaaagatc
tccgttaaaa
gaagcgggcg
caccecgattt
atggecggcgce
gtgcctggeg

Synthetic primer

cgtgcaacaa
tceeggecagg
agcatggcgce
tcgagegtga
tgggtggcga
aaacccagac

atgtcatggt
ggtggacact
accggcaggc
aggcaacaac
aatcgaagta
cggtaagcta

catggtcgtg
ggagaccgca
gatctgtacg
ctgtattgcg
ccgacccttg
ttcegtatge

ttgagcgcag

tcegtettges

ttcaggttca
aagtcccgat
atggtcgegt
g

caaaacgctg tccgttaaaa tcceggecagg ggtggacact ggagaccgea tcegt

<210> 19
<211> 100

pa-519775

60
120
180
240
300
351

60
115



<212>
- <213>

<220>
<223>

<400>

WO 01/20035

DNA
Synthetic primer

IAGO9

19

PCT/US00/25104

agtgtccacc cctgccggga ttttaacgga cagegttttg ctgcgctcaa cacgaccatg 60
accatgacat ttgttgcacg gatctttgat cagcgtaccg

<210>
<211>
<212>
<213>

<400>

20

24

DNA
Bacteriophage

20

taatacgact cactataggg agag

<210>
<211>
<212>
<213>

<400>

21

7

DNA

Synthetic primer

21

ggaattc

<210>
<211>
<212>
<213>

<400>

22

12

DNA

Synthetic primer

22

atcgagtagce tc

pa-519775 5

100

24

12
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