WD 01/ 20035 31 AUG 2005 PCT/ US00/ 25104 METHODS AND COWVPCSI TI ONS FOR

LI NEAR | SOTHERVAL AMPLI FI CFMMMWMMYNUCLEOT | DE SEQUENCES

CROSS- REFERENCE TO RELATED 5 This application cl ail AIGt2608
priority VWeRAHRBS of the provisi-gma@l« patent applications PoPuspisigd No.
60/ 153, 604, filed Septenber 13, 1999, and U. S. Serial no. 60/175,780, filed
January 12, 20QQ bﬁf which are incorporated by reference in their
entirety. TECH ANDIYCOMPQSITIONS FOR LINEA RISOTHERMAIL of

pol ynucl eoti de anfAMBLIFICATIONOF POLVYNUGLEOTIDE BEQUENQESOn provi des
met hods, conpositions and kits for anplifying (i.e., making nultiple
copi es) target polynucl eotide sequences which enploy a single RNA/ DNA
conposite prinmer, with. the anplification optionally involving

transcription. 15 B yvel opnments of methods for nucleic acid
anplification and déey : nngEEEM&fQ : ARPLICATION® advanced the

S+1°6 ATED
detection, id § doolichd aitttant bibGat seguenc nal yses .of nucleic
aci d segquence grh}isnéprpglgiet?l(%ﬁ%/lear S. ¢ kﬁ?ﬁ@f“&ﬂgﬁm(ﬁg‘é}%af@%ﬂgéﬁmwﬁ
det ect i oM -Bnepriatiblot 69/153,604filed Septtinbercrss 1999) afle ULS: (Sehal . 60A7TS 780 Lkt | on
| eadi ng g ' i @%@gt s, diagnosis of genetic diseases or’ the
suscept i %I g? - ﬁgg’,ﬁ‘cgﬁ%wat%ﬁ byjeefiereroein theli entiréty. devel opnent ,

2

di sease and in response to defined stinmuli, as well as the various genone
projects. Qther applications of nuclei¢c acid anplification.nethod are the
detection of rare cells, detecti BECHNI , and the detection of

| tygr ed ‘ger on | ¥ d i ke, Nucl ej id 25
anpi i cati on 15 Bonack TF R e e dtaolmelotirampiifeatenaMarssi s, such as
the det epartioulady, thé invepti@s provRies incledds \&sin 4 oﬁ% it fop %gﬁgﬁxf‘fqi.gand

e eru

quantification aof defiped gene sequences. atter 1su I
assess rreﬂ’?'[('é"g 'ﬁﬁﬂpg‘rﬁ’ﬂ’ﬁﬁ) tarech relrayelpotidesequamcesewhisk empldy asinglee
det er m NRNAYDNA c8i& @rﬂ'ﬂf | fiRtedn s deletion, L as of ten found.in cell
transformation from norna &’[ o mald g f‘ﬂ“@gﬂ’p‘f%gy '@@Emﬁamev%n of
sequence alterations in a nucleic acid sequence is inportant for the
5 - BACKGROUND
- The developments of methods for nucleic acid amplification and detection of

amplification products have advanced the dctectidn, identification, quantification an

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

- 20 détection of gene alteration leading to defined phenotypes, diagnosis of genetic diseasés or -
the susceptibility to a disease, assessment of gene ekprdssion in dcvelobment, 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 nucléic acid sequences, and quantification of deﬁhed 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 ofien found in cell transforniation 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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configr mat b?@h ichl (ft'en le str andedﬁg&gl i fication product can SPe&Yed by
a change Tn theé e eé%%‘ffo‘fl?t"flﬁe Iisipatsh. Armethod for sieteictibn ofeqoencer oduct -
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ed DNA or RNA is dependent on the specific sequence. Sequence alterations
“1n a test nucleic acid target relative to a reference :séqucnoe- leads to altered conformation.
Altered conformation of a single stranded amplification product can be detected bya
~ - change in the electrophoretic mobility of the test amplification product as compared to that
of a reference amplification product. Single stranded conformation polymorphism, SSCP,
20 | iswidely ysed for the detection of sequence alterations. See, for example, Orita M., et al.
| Proc Natl Acad Sci U S A 86(8):2766-70 (1989); Suzuki, Y. et al. 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 hybridizatior., the method generally lacks

sensitivity when low amounts of the nucleic acid sequence is present in the test sample,




or species. Miutation detection using the SSCP nethods nostly enpl oys DNA 25
anplification products, however, RNA-SSCP net hods have al so tge'e[m ﬁﬁacrl bed.
Sequence dependent conformation of a si ngl e stranded RNA i s

viel | - doc UWEOMB3Snd was shown to lead to a defined el ect rranisoetsios.

nobi lity pattern. See, for exanple, Sarkar et al. Nucleic Acid Research
20(4):871- 878 é% 'Zlgwand Gasparini et al. Hum Genet. 97:492-495 (1996).
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DNA probes. There are many variations o

Fx arr_F! e, 3@}%@@% dinkechligsiar ﬁmphﬂcalf[o,n, hgaioaebaked‘ﬁﬁpllﬁﬁigbb,fdnlﬁdﬁahgd?; ption- N
i gation i cation ranscrl ased_anplificafion. An

exgnpl e ﬁ%erﬁhéﬁ" 358?‘%‘?‘8‘%’%"6}’%&?&@# 49#? %Ph@‘b‘r&'g maetkpdjifer ase

chai n r epolyntetascRERn reliitioh (PER) mmwmow xﬂg.g@"ewv%g%@é %bl

See, 15 for exa lﬁ Mul li's et al, Cold Spring Har
51:Pe3- 2 f ¢ ullje, et alsCedd SpringdiarbemSymp (Quiast. Biolab1:268-373 E986E) No.
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, oi_" lxgat;on-based amphﬁcaugn arc the ligation amplification reaction (LAR), disclosed by
20 Wuetal, in Genomics 4:560 (1989) and the ligase chain reaction, disclosed in EP
. Apphcauon No 0320308B1. Various methods of transcription-based amphﬁcatlon are
. disclosed in U S. Patent Nos. 5,766,849 and 5,654,142; and also by Kwoh et al. Proc. Natl.
Acad. Sci. USA 86:1173 (1989) and Gmergeras etal. WO 88/10315.
The most commonly used target amplification method is the polymerase cham reactlon,
25 - PCR, which is based on multiple cycles of denaturation, hybridization of two
oligonucleotide pqmem, 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;



.20 Wi et al,. in Genomcs 4:560 (1989) and the |ligase chain reaction,

di scl osed in. EP Application No. 0320308B L. Various nethods of i
transcription-based anplification are disclosed in U S. Patentplgomgs
5,766.8.49 and 5, 654, 142; and al so by Kwoh et al. Proc.. Nall. Acad. Sci.
U S. A 86:WOPH2408989) and G nergeras et al. WO 88/10315. Ther/Reirsieymon! y
used target anplification nethod is the polynerase chain reaction, 25 PCR
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. yord intermediate product. See, for example, U.S. Patent Nos. 5,169,766 and
| '4,786,600. These methods include transcription mediated amplification (TMA), self-
20 - sustairied sequence replication (3SR), Nucleic Acid Sequence Based Amplification
'(NASBA), and vatiations there of. See, for example, Guatelli et al. Proc, Nal, Acad. Sci,
USA 87:1874-1’878 (1990); U.S. Patent Nos. 5,766,849 (TMA); and 5,654,142 (NASBA).
Other am'pliﬁca.tion's 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.SA. 93:2969-2974 (1996) and blocking oligonucleotides are
" disclosed by Laney et al. in U.S. Patént No. 5,679,512, '

-

The isothermal target amplification methods do not require a thermocyciet, and are
thus easier to adapt to common instramentation 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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DNA/ RNA hybrid internedi ate product. See, for exanple, U S Paérgm] I\@@
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using the_rm_ocycling processes .rqquire a signiﬁ_cant_amom_xt of time to reach oamplctiop.
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 pateat 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. . :
Accordingl_y, 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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‘ transcripts are produced comprising sequerices 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 polynucleotxdes comprising a temunatxon
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.



term nation pol ynucl eoti de sequence to a region of the tenplate which is 5
with respect hybridization of the conposite priner to the tespl 605 c)
extending the conposite prinmer 15 with DNA pol ynerase; (d) cleaving the RNA
porti on ¥O0otwoznneal ed conposite primer with an enzyne. pbgfysed/stosecs RNA
froman RNA/DNA hybrid such that another conposite prinmer can hybridize to
the tenplate. and repeat primer extension by strand displacenment to

produce &ceomdingdy insome paiks; thepF 8@ womptis¢ss) mbdificatibnzinmhe mgion which

| | i ¢ IS . ter d | 4 ' byi di t
Phe” o < pfibridifes 16 WS el (i REBPRIER S vl SedorneiRin dhe, 0 Bllsimesf | ow °
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produced conprising sequences conplenentary to t I spl aced pri mer

- ext ensi Brodifications are prgnidesblyerein) dn soree embodanants, thegolyangledtidecpmyprisingsr e
proguced L i ts.of the conposit.e pri used in the nethods
of fhe |%r§§hh§ﬁ§°§‘&§8%g@ BE FEUENGE, %‘Fi i‘gﬁﬂﬁlgd’irﬂaysmﬁ%@i nent s,

t he RNA pfoiré imedifitatibiito-caRarke WiRfh ipIRE, AScordindl Gfibodi e 3
DNA portion. In still other errbodi%gon‘teg{,ﬂ?ﬁehéﬁd% gjogro??%n 'S rg‘:thcent to
the 3' DH blegker saquemcsr comprisosa madifichtion in tedegion evhich lybeidizes tathe e |

ool ynuc SAESH AR il Von bt chRifonct Blakker Binds b o e

herei n. tepiorusconipansd waiblocket RABA tOWddIlAdE. EQMBpleS bPGUiANS0
telr131 nation. sequence is . a tenplate switch oliognuclebtide (TSO, which may
(b mr?gﬂi‘é’

not uons ar¢ providadhioreinne or nore nodifications to enhance binding
to tenpl ate. / CT/US00/ 25104 Accordi nql i N sone
enbodi Trent s, The AR Srbich el B vetdin el ind Bemposttie fifeibed
hybri di zbhereino Fohexample| tht enzuhethat cleaves A andyi bech RNsef. conditions, the
TSO bi nds mrﬁ]j?ti ht | "‘to.gége r'egi on as conpared to_a TSO without the
modi fi cati on. Eh‘%fs@g&ﬁfa PEBY “_HFBM%;M“M a}fPG@W&Oﬁ I n
some enbogiicefiag or nidyhot B hifjakt f&me%%:geggiawﬁigggy@ﬁoﬁz&% IR cauence

is_a blocking .sequence, which, like't contai n one ‘or
“modPf i c apriBgsextensionpraduct, Imethagembodimeptsatties polymedabitide cymprising tree

v R R SRR B0, RS R by = "
.£ondi t i oexensidreprotuatwhereby BN AYPORicraselekiention 0P BisplaB&i Sftedor(sHoR@ed to a

bl ocker vii't.hout dthg nodi fication. Exanples of suitable 10 nodifications are
Pr OVi dedpmg]:%s,q uble stranded promoter from which transcription occurs. In some

D)

]
§

chibodﬁmcgts, the polynucleotide comprising the propromoter is a PTO. S
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 ahy order, as long as the requisite product(s) are able to be formed).
The invention also provides methods which employ (usually, analyze) the ptdducts
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 sequencixig 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 polynpcleotidc sequence to a region of the template which is 5’

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



The enzynes which may be used in the nmethods and conpositions are described
her ei n.yFor exanpl e, the enzyme that cleaves RNA may be an Rﬁii@, ?Ulgg sone
aspects, a TSO provides propronoter function and al so conpri sesht i on
(whi ch MaYwQh1ddBy Not be adjacent to the pronoter) which _hybrl_.c_il.zes to the
di spl aced: % pri‘ner extension product. In other enbodi menPET/UBMINEL5104 .

pol ynucl eoti de conprising the propronoter conprises a region at the 3" end

DNA” ol oy s prendr 1AAFDRY, AAFRebish U5 o mipprosfbtiand DR e0es o doub e
el o o oy o leblos mbelldl dush Ut pREH ers S RUBRARR™T 5. (e
app! 1 caol BPGOmBLShEF pledubich e b limghoaiec irarag =Rt
Eglungﬂgi g I °“§E‘§%§?§ﬁ@??ﬁégﬁmw%&%a§?§%gm§ (s) are
Accor di nobteplbiieARs & Baick of HRSalaBY SBLLED, B Q¥ dSS TELDOAS, of  seduenci ng
target nucl lZa(pt ?@g&s%guencgfcoﬁab%gs e H‘S?BP?%"}F’W‘% ',gpﬁb*’ée stranded
DNA t enpl ma&nr@dhpprqﬁurg?ﬂd@sgﬁn%mg%ﬂﬁuﬁ&and ogpeifbosi e priver, said
opt onal | 'y P BPARE o e tienrodoctmoiogs o seapccioga rpamiconi
ot DNA iRt Rulasur e of dNTPs. and dNTP anal ogs _(whi ch may be
| abel [ed BF %ﬁﬁ?@gﬁ ﬂébﬁ'gga?é]‘i‘?qw%w’é&'ﬁ enbynesleotidercomprisiged upon
i ncor por deinuinatisin polgiNicRotide kageids tofx !?Eﬁghtb?ﬂlcggiﬁ{:igfedvﬁ% ﬁé\ﬁp@ lacggégﬁ%zm
Chat cf dREARRHoT S ShmBosityirionek tn s techplats Ko ey componitp i
A Polgtretfe: @F clefVRE tHeRRADori G ST he Pneabd cormomsl On DY strand
di spl acenent, whereby multi p}eg‘mg%pl es of {%@D%Mmcawogwe of the
target soVttrenzime tatolravetRNA fromainRNAINGA T5/brid Sdch that another composite
.. primer can hybridize to the template and repeat primerextension by strand displacement to
produce displaced primer extension product, () hybﬁdizing a polynucleotide comprising a
propromoter at the 5” end and a region which hybridizes to the displaced primer extension
20 “product under conditions such that transcription occurs from the extension product by RNA
polymerase, using a inixture of INTPs and rNTP analogs (which may be labelled ot
unlabelled), such that RNA trariscripts are produced comprising sequences complementary
-10 the displaced primer extension products, and such that transcription .is tetminated upon
incorporation of an rNTP analog which may be labelled or unlabelled, whereby multiple
25 copies of the target sequence are produced of varying lengths; (f) analyzing the product of
steps (a) through (¢) 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




anal yzing the product of steps (a) through (d) to determ ne seglﬂﬁ\gg In
anot her aspect, the invention provides nethods for sequencing g@§

nucl eot i §p ofkshosequence conprising (a) hybridizing a si ngi,@rl%%o%%gd DNA
tenpl ate conprising the target sequence with a conposite- priner, said

conposite prinmer conprising an RNA portion and a 3' DNA portion; (b)

hybr i di zifrogn pérforhangthe sameainplifica@dn/taed didn LR ferelER kirg et eqierice indicdgki on
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hybri di ze to.the tenplate and repeat prinmer extension by stran

di spl aceMfiptqmin w&a&géa tarees nobynucleotide sequance resnapyisi stingsAn

hybri di zigags j t t the 5b' .end and
egi on wiy RSB P B e BBl ot e el OLIBe e poliisBgtify under
condi t i ossquencdicdrtesporids aNtRIRIVAI fORti SIS 6LthS c&l\rrflx%;ﬁtb AN [ BSVReiR ahlkElonbY RNA
pol yner ase,, usin m xture of rNTPs and r anal ogs (whi ch may be

| abel | ed the tagge ugleptide resplts indetoutakly feaves amplification produsth assgmpanegr i si ng
sequencesgg § : ' riner.extensi roducts, and
Stch " hay RGP Gl fich o Bk aBIRER Robi ik sResF KBl Bonisingi
andifog winégitn caryespendimghiel the RNA ponioalef heasbmpokies sriter WhichRloes 6t comphis of
the target Stg uegﬁ are produced of B&aryl ng Iencgt,hs; (f) analyzing the
product S {'J%Dp %PWBB&&F%?‘“P fication by, strand; displaegraent|if,decseasedaspect s,
the i nvegbmnpared topodedtiontdin ?&ﬁ@ % '&;&mrpq agmﬁ%g ence
of a tar et.p Sorreya.spec‘ts argscbggcgggon ﬁtg po t{sgﬁgg‘%é‘ e cohposite

pri mer . igtheRNA partiogiof therompasite psimee Mhishtdoesihatrcontaimthemgaticti 3 t he
correspopgi ' 3 ar get ich, \if conplenentary or of

suffici e%@%ﬁ%?ﬁ%%@ﬁ%nﬁﬁﬁﬁﬁ?@' 'BEPE- RNA  porti on- of- t he -conposi t e
prilSer. The affhwusthoivertionyrévides medipads 6fchaRcRiRinga sehudic@ df iiiterdstida AUG
2005 WD,01/.20035 CJ&@% /25104 . fromperformng the sane anplification

r eact i-on SBELPOIY msdhods cqmprisiagicandusting the amplifivatior methods ofibsence

of a seqdiafentithivii i ' ' r_absen: wild
t ype, "mut ant ,eno[ al I-gi?nga ‘?éeglrr\ctggf ar!-'oﬁ%£é‘g§§g‘§§8&88§ig°€§?‘§§f -‘gﬁ%%‘m’rrent S
Sr e descendudereir @) produttion oﬁdetwgablyﬁmr ainplificative pf—odmtslmmlﬂ(ijkegm&ad s of
compr1 i tpad Bine yolint Sk aingifilafon prodfets Bofa referedos template which -

20 . comprises aregion 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) productionof . . . _
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 complcmcntary 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.




anplification nmethod described herein, wherein the region of the target
pol ynucl eotide sequence corresponds to the RNA portion of the tbdpodile
prinmer, and wherein a nutation in the target polynucleotide results in °
det ect abl wd @yyedssanpl i fi cati on products as conpared to thPC-l’j soﬂ@% of
anplification products produced froma reference tenplate % lﬂg 10
regi on corresponding to the RNA portion of the conposite priner which does
not conpr Isenotier embediment; theseghiese GrAATHIADBHRN @m&&&ﬁﬁ@s‘i&?jﬂn?y strand
di spl acenent i.s decreased as conpared to production froma reference
tenplate '&WSW’Z?&“&“%@P@@%W@WMMME chariteriied ip deteintiningf t he
conposi t egerd ' Ln the tation (a conpared to the
RNA port | ooy resefce i abltnto BB Bhutalit ke, 1iFyelshptetnbiBimeri B taptsnce
provi des oﬁmmamwmmmpam@m&%mﬁ&a@mciwhgq&a iPd fhe t ar get
pol ygucl eoti de, zai d met hods cqnprising conducting the"anp ification
met hods of*aUeIeRLintercst in characipdzed in detesminingithepreseficesor dbisdnceof thcatleld t he
COMPOSi t egeqhibgtger is | sown, and wherein (a). production of detectably

fewer anplitication products fromthe tenplate as conpared to .the anount
of anplificati dmothermipeatts the Vet hRVRIZS MeliRdp bRd eé/tiH'gtCJ'm iGRMGhSes a

regi on conpl enentary, to,the RNA poir)t_i on ofc t he coﬁpom e S‘%"ﬁ@@ﬂ?}‘di cates
that the MF%&%MBWM@%@QIMCMAWM@) enentary

to. the Riducti %ta'hﬂ,ﬁﬁ ; L heRrier | S,.a.sequence. vari ant
with respect “ cl)igt he squzét#\é:‘{;ﬁccorrpl eérﬁeb%gﬁfvlr{’gnﬁﬁé-mww@ﬂh@dat he
ool et gt ke coofornaton VIR ARy s
anpl i fi caf, roduc ro e tenplate as conpared to_the anount o o
anpl i fi cg‘%qngér}n%é%g%c‘foi" &Wé‘?’&ﬁr@%?%mafl polyandeotifisdndingtes x onpri se a

regi on whinatation th thetipget @élotide. t t@'@n&' il 4 ite priner
I ndi cates tha the.ﬁt:péargg?h pol <?:eu_cilﬁgootl e com%l&ﬁggeéog%%m des
conpl enerfpﬁﬁlﬂﬁi‘(fdﬁm r,30 some aspovts) shdractenizing arsequedicd)dn A Girgéd

sequence. i : &;ﬁ“ﬁ.ﬁ the ence conpl e tary to_the NA
portion c,#ﬁ .r}gﬁgtg#bom teﬁ%reﬁ?lﬁ"g H“Bﬁ@gﬁnm@‘m%{% qrps © QK gescgbedan RNA
30. Por t i deerein fortsingbostanded eonfoimation; eABrcinSEdifrebob th SIS RBISE Esmpaad t he

sequence Q pnterest is characterized in determ ning the presence or
absence 0 "t’ﬁ%“'\ﬂﬁﬂ"@'ﬁ Lpefaew@n c3 G0Buteiil the t8BEetPCT/ US00/ 25104

i o G odE Bk i ilfe A char ey BB B | e oot 16 ¢
char act eri zed Ipgthseaspetsithainvention provides methods of producing & microarray, -
- ‘comprising (a) conducting an amplification method described herein; and (b) attaching the
20 amplified products onto a solid substrate to make a microarray of the amplified products.

' -Ini other embodimeats, microarrays are produced by attaching amplified products by any of
the methods describd herein onto a solid substrate to imake a microarray of amplified -
products. '

Any of these applications can use any of the amplification methods (including
25 various components and various embodimerits 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
systéms comprising various components (and various combinations of the components)
30 used in the amplification methods described hérein. In one aépect,'for example, the

Invention provides compositions comprising a composite primer, said composite primer

10



the presence or absence of the mutant sequence. In yet another eppqgsngot:
t he sequence of an RNA portion of the conposite priner conprises an
allelic %ﬁ Uf/%@?s and the 5 sequence of interest in characterized in

det er ni ni g presence or absence of the allelic sequeREEUSHIRSher
aspects, the invention provides nethods of detecting a nutation (or, in

sone asp = r Lk .0 ar target cl,eqdi

conpri si %8 ( a?lﬁgggﬁg?}g{‘lpégd%n&gﬁapeﬁ@%%%ﬂnn@tﬁ?&% e&é‘%@ﬁ%&d%ﬁ é&?ﬁ and
(b) f anal ytpmnmga it hdjacenko mge?fmm@mmm tia sﬁilfottm etmbbbﬂfé_ i@fénispthe 5° Rgicfef&ﬁbanded
conformati gn, erein ifference in conformation as conpared to a

ref erencd® é?%%jp §M%§é’&°‘ﬁ%ﬁl‘§ﬁm§d§aﬁ$daNMmanwbautma&putdé in the
target p o] ' s, .the invention .provi 1 .15 .
ot hods. o} URUELeED A BfothidhsBlctihe RRARTBRYKes ropen iR chiPaBhEA 51,
sequence)wliereimthteaF 3@ compribesaiabdificatith inQHDFégdrwhiRh aY briding 8 el thipRe,
products qf any qQf the nethods described herein for single stranded

conf or matYISFPILMAEeEA givan getrof eprditians, thec B3O bindsimern tightly ortheregipn aso a
"referenc ' WH .1 de, i ndi cates,,a nutation in. the.target
pol ynucl S%’?ff ge fboé; in so(r’r‘g%é%’%gg{fg%é a@a@f@r?"l@‘?ﬂg}it ?‘&’é‘fp%ﬁ’éf&éﬂ%e). I'n
ot her as glednyentioneomprise wnpcortipcsite Peimerdefembed Abrell #AUCTSY, b JHILGRAT ray,
‘conprising (a gsog%uctl ng an anplification method described herein; and
(b) att a'Eﬂ’iaﬂém%‘ﬂ > 1§ IgKentioninsevides spmpositions gomprising anysefithe eomposite: nake a

m cygoar r a¥infefs dedsritsdadNrdil ?Mg%rﬁg ' I, | Y groarrays
are prodgced. by att'acrﬁf%lg%g(rlrgﬁ) e %@%@%@#ﬁ?ﬁ%ﬂd&@ﬁl&-
descr i bdcertpiaing modifications whichselmncabiading towdmplatenin othar ¢rabodihentsythé f i €d

pr oduct s; . hese |ications can yse any of the anplification

met hods .Vﬁ‘é@%&"ﬁg‘&i‘@%ﬁ@w%WW&M#M%%M%P@W% #@Wé%swuhny of
t he conpandaP¥P.as described herein. For exanple, the conposite priner

used may have_a 5 RNA portion, which may be adj acent to the 3' DNA
portion. *The IhinatsrasPent.dbe inventionprovised campositiens ceinpsising anpbfthes,

Cor nat PamBleU AR are WS P oS R AR TR B i hogs
descri bedmplifieition produets) despibed hereiir (sex A8 tR, figuds fonXhBinaBE dEiQions ©F

conposi t ,ons conmpri si osite priner, sald conposite priner 10 31 AUG
5 O(r)nS) ihm vario comp?&esas. %-‘Oo:rrgxample, e invention provides crr}))mposi_tionr')s comprising a

complex of (a) a template strand; and (b) a composite primer, said composite primer
.comprising a 3° DNA portion and an RNA portion. The RNA poﬁion 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 ora
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 (¢) 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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WO 01/ 20035 PCT/ US00/ 25104 conprising a 3' DNA portion and a 5' RNA
portion. In sonme enbodi nents, the 5° RNA portion is adjacent 39 e?[(]@ﬁ DNA
portion. In still other enbodinments, the 5° RNA portion is about

about 20 wrdipebisdes and the 3" DNA portion is about 5 to 409

nucl eoti des. In another aspect, the invention provides cor?&ﬁq i394
conprising a TSO, 5 wherein the TSO conprises a nodification in the regi on
whi ch hy bpolghubmtides édmprstnpleahmatic WE&] v f

condi tions, the TSO binds nore tlg(ﬁtl ut%g&tsrgeég&gkdg%ﬂ gg1‘(’§'§1Erier%)sa‘?ed to a TSO
Wi t hout tﬂ‘gyi‘ﬁfi‘? @mﬁsmgnmpmetdoaddneglsnmmmﬁoldwp&cea t he

U1 ot rRF AR ARLRD hRpTA poTmoshas A Bsoimipoaie o Istamgiensi ng

any. of tdunalsorqoagiriseaPTE) primers . described herein and any bl ocking
sequgnces described herein, including those, containing modi fi cations
whi ch enhance h%@%asmc& ﬂm:lhmlmon Ipm\odén-:lutsdbbﬁﬂidﬁahig&he irithod$ deseribédn

prOV|des o] S|n of, the conposite priners described
herein an S a Wémﬁ? ‘g?sﬂétandt&?eeqaﬁvébﬁtmmw lyd containipgs | t ions
conpri si rugutalsiyuﬁuubﬁ@xs d&ltﬁﬁ'méﬁi‘ ré&?lh rtl(indd

I nternmediates with respect to theﬁ)f%l na a | on hﬁ bg'f gcri bed

her e: n (e expmple; the lnveggﬁenrmicmelmcompdgm cdmmi‘tc pﬁmet mﬁms«.@g 9us
co exe L.l rovj,des conpositions conprising a
co%l ex o NAafg &{?{&)Aqwhh&rb @ph‘ ﬁﬂ‘ag %g\‘p‘iﬂ&f pdiaecnt gﬂ’e il
contbsi t DNA mon)Cdﬂipbbmpﬁﬂt@rﬁncrwm&tdaﬂ%%y D%%HB&H héiein! klt.I Q& RNA

‘portion nma as well. as 20 adjacent to orti.on.

enbodi ne ﬁ’é‘hﬁ’b?ﬂﬂ’@fwf‘ﬁri‘!‘?éﬁs Mﬁaéés?obmuchmdqmummmlxtmmqwn si ng a-‘:
t t | SO bl
siaTeE?eSM’?‘ﬁ"Sgﬁﬁé‘%C@“?‘ Fificlcbde CHARRE: o Rropremctis Roady SEteTS,

I'n anO_t[lé’% predaser mm?wmmenah%Vﬁmtw 25 RNA/DNA

conposi ti re ich contain various

CO%I nat i g 8@9 n’p%lﬁ’rkgrt{gsegﬁ H@gg% '&“H%‘P%ﬁ"# comyxisg Aprppromotes andaent i on

pr ol desmganh&xmhhybﬁﬂlﬁb@ﬁo&ﬁﬂﬂédd :ﬁ%(csa %dﬁgycleot'de .tenpl ate; (b)
a conposite prinmer conpr|5| ng a 3" A (?Ptgllog% and an RNA portion; and (c)

DI\lAt E\Ol yner asdn angtheras am&n@q’mpm ejsteﬂwfmcfffumgtthe mpﬁﬁmm}ayd be
in the reagh conpasi t e including a
conmposi te pr%ﬁ%?@?é%%o%"% k’&“ﬁ WPF@‘H @gﬁ%égéﬂgﬁ ifyinga 3' DNA

portion. tariﬁ@dwwlqoudcseﬁﬂcmdrm@o lentent coth enzyme
whi ch cl.eaves . I\lﬁjman RNAI h bri cti@ sugﬁﬁggqga %Sh@ﬁ?g{g{:tlon

mi xture SPUPHENE ﬁmmﬁﬂmbenerase énd(c)an i
.20 enzyme which cleaves RNA fmm an RNA/DNA hybrid (such as RNaseH). ‘The compésite
' ~ ‘primer may be any (onc or more) described herein, including a composite primer which
comprises a 5° RNA portion which is adjacent to the 3' DNA portion.

25 h BRIEF DESCRIPTION OF THE DRAWINGS _
“FIGURE 1A-C is a diagrammatic representation of a single composite primer 1sothcrmal
linear amplification process. ' '
FIGURE 2A-2C is a diagrammatic representation of an enhanced single primer isothermial
“linear nucleic acid amplification process involving transcription, using a template switch
30 oligonucleotide sequence.
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term nati on sequences described herein; as well as a polyn

conpri si rogpronoter and a regi on which hybridizes to displaced prinmner
ext ensi onrwﬂgbé 8?, and an RNA pol ynerase. A reaction m xt EF@’%PWM@
I nvention can also conprise a PTO 5 In another aspect, the invention

id ' ' et h .d I bed in. Th Kits, |
DUt abr o FIGURE SAST B3 HidraBalatE (i ional b calimosd el FompA RpHings: | abi o
i nst r uct iisvtisermablinar Auclsie adid dMplHicaaoR PRULESInVSIhg trnddmptisiAlsidg £HIbHRR

met hods. For exanple, the invention provides kitsS that conprise a
conposi t ECPICNRRFOBPAASAL-sing . a 3' DNA portion and an RNA portion (which may

O e ORI i 6 st S RS o 7
furtsher cequeRSEing R eiipleprimeyisothefral IheRPAnPIHIABEH hidBess OPRP idShdtes 2

term nation polynucl eotide sequence; (b) a polynucleotide conprising a

pr opr onpfidHatigrneon tearget DNA at @isite compliasentarp taithe RNA portion of thescomsposite y e

whi ch cl R brid (for.ex e NaseH):. and (d) a
pol ynucl goi iﬁ Eg'eﬁggﬂ%wg‘%nﬁgﬁga e ny ‘céclés 3@‘%“'&?& TRYRHIPMYI zes to
di spl acegreggentrer ext ensi on product. In another aspect, the invention

provi des Sést ens faor effecting the anplification nethods described herein.

For exanpl@URExdenictsan ethidi anide stgined RAGH gel ofilimndar isptheymal  t ar get
polygnucl i | [peel™ nt, conprising(a) a conposite priner
:C(})r(r)pri s%?%%%ﬁ%%gﬁggg&%@g&rt i on; (b) DNA pol ymerase; and-
(Rﬁl; anH) : @Wgammﬁmpgz@m{&wwdm?agmmg .gsh _

seH). - conposite  prinmer. nmay be any (one or nore) described herein,
i ncl udi nwnﬁﬁ‘?ﬂ?ﬁﬁ“ﬁwm beomprises a 5° RNA portion which is
ad) acent FIGURES? dépifbli dibrorbRie Ao PROFUTIL A dt Ebiay bpS

n a single conposite prinmner

"FIGURE A-C is a diagrammtic representatio

i sot her n&SRNA; trasgriptiop/produststgeoeratedfremoveraGhiRinsida: 2C is a di agrammtic
i 1 1 oATS YR £herls &R ARG oA Bhr Ao e crhepiison ah o Qieemalinee, 30
ol i gonuchmplifidstionesiteastwithout a 3’-blocked PTO. . : :
- FIGURE 9 depicts an autoradiogram of probe hybridized to amplification products
generated by isothermal linear amplification of a J gene sequence from E. coli genomi
DNA. - . o o C : '.
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. S

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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12 31 AUG 2005 WD 01/20035 PCT/ US00/ 25105 FIGURE 3A-3D is a diagrammtic
representation of an enhanced single conposite priner isotherjalpys 2005
| i near. nucleic acid anplification process.involving transcription, using a

bl ocker sw@uwahnawsconponent. FIGURE 4 is a diagrammtic regrgﬁ, P‘k .{lon' of
detection of a nutation in a tenplate 5 sequence using the iﬁ% 4 ner

i sothermal |inear anplification process. "X' denotes a nmutation on the
target DNAPmRodiments.s leoniphtéoresequenceippovities tAlbasio fdr ah endiiointT8r &0 RaiEidh
primer. Asbsysél WN larTB{nIfl tion of the target nucleic acid |s_bl_q }<e en a
mut ation i gﬂ‘}%‘%éﬁ , gﬁf%&‘i‘ﬁ"’@ fH’éb?‘d’FBllGa&ﬁn@ldmgdhmgnt strinde Astdeseribad PAGE

el of |irsbewli Adbdi , Lo fJ .on products of a. synthet,ic, DNA
?arget. FI GURE %?g@g:&c; s '3%5&9%@&@3@%@?0‘5&@%&%@% B8R zat i on
of DNA  dapplatd pritcholigonaddentide (THO}, veliiek bérthing sQfpences HEVRE ‘%" ggg{fﬁmtan
et hi d5 um %3{,?1%5 tﬂ%seggﬁ‘ggh comparing the efficiency o ..SS
transcriptio %gﬂl 0 dhg tegiplase strandy(ie addition torsequchces wehisk aft of
depi ct s arsuffidié 'bympm'agye ' R | ,C ari gon of, i sot her mal

| ﬁear anpl i f.idgat ion w tHh gﬁﬁd Wi § E&dﬁ%ﬁ‘%swp@%&’ %&m@%m@cﬂepi cts
an aut or afoBPrisen primpily sequentesithiitaeciof sufficiBht donfpkchéiftarity & HRrRtize to the

rom

gener at ed .St her, | i near anplification of "a J gene sequence
col i . -genéﬁma‘%"aé 87BN pglypeme a%ﬁ?t%mmg ofthn tatgat sequeocs flemsbaprimer. PAGE

3T o ent “ecrgne oot R CoRMA Bk R/ oS B o e
T NVENITI ONCPROVESNRIN A soquepee froniethe hpbrid) deavingoseqaérice o ie @bl Stfankio” o
A RA DL e Bl Y B it tABoiion gesnetis peaduemtiey DA, | -
Ceauonce, e a carerar Pt e ABORATRL Baspaagn ! oot 0o
f oﬁl ows: 5’“%35%35"%8“‘ . B]L'iva' ﬁm%bmuchgﬁge}?commsiag;a propromoteparideadepion Of
target - sewhshdfybridives &e displaced primer extension product (which can be, for example, a
15 'te'mp!ate switch oligonucleotide or propromoter template oligonucleotide), which contains
sequences of sufficient complementarity to hybﬁd‘i‘zc 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 combiningand 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; (¢) 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

14



13 31 AUG 2005 WO 01/ 20035 PCT/ US0O0/ 25104 enbodi nents, a term nati on
sequence provides the basis for:an endpoint for the repli cat § brilG Bi05 ei t her
divertin i)cking further replication along the target strand. As
descri be?&gléﬁl&:\%,c in sone enbodi nents, the pol ynucl eoti dePEGWSIY SNy a
term nation sequence is a tenplate switch oligonucleotide (TSO, which

cont ai ns pfkHABMAke RGA/DN b el ; i et ©

hybri di z%;_tlgajt he t'eentrl)!uat ﬁ%&gﬁéﬁ?%%g?%sggﬁgﬁtg@%%&éc are of
suf fi ci etemplateyandrmpather o himed extension (mediard by A potythétase) b&curs,

term natin, se Ltfn e %fggél seseqo irratgily(?eqluencbgs that are 312 Sl‘Jl]{sfiCi ent
conpl erreﬁlfsg*af't“g %sctﬁ’f)g grdecqnied frem the templats. strand. DNA pol ynerase

cl caves RNA 1 Bl e B oS A B Bl Sifon s o SRR, C)
RNA 5 equ eametime asrthiose combonats listeldboge o€ Q&Mﬁﬁpﬁl&tdl??_ (epapilpiRledtidand

avai l abl e for. .bi ndin anot her conmposite prinmer. Another strand is

b

pr oduced “BYPERE aB&Pﬁ?@%‘&&&QW@@m@g anli of pnumberief fprmsps i cat ed

¢ d. . g : X . _ i 1 v: & .

ol yrucl oot Hoed Bieibfladd & R unich K BR3A0 I i Blaced Bhbgf tentiondrodictis ¢ o
t he d: sp(ﬁub@qy:]aom | tuéprhqslph:itemgqmuttdble1'amﬂ&s§§;;ciaiﬁdc(gqmjsmi p&l%cllag@.ﬁm&i a 1g )
"te ate sw.tc I gonucl eoti de_or propronoter te ate ol i gonucl eotide);
TPl 2 gL el SoL e B BT OB Tt o LTl Shdomicl ot 99)
3 10 Oarid cdinpOhGEFORE mABI OF U pr B e A prdlald Buugly °P! aced

ranscription

primer extensjion product. The pronoter drives vi a
DNA- dependent Inriemeemboedimants) the inventiohuprovides suethtds afiseguenting nddeioncidsgl v,
t he i nvepty ' hods .of odqucj ng at | eas ne copy of a 20
target p 15%&5%%{*%&5 S'éc"_?%gﬁgﬁogf’l ® SPRIPRERS ér(‘_ﬁ‘l’l"‘g'ﬁ‘? ng target
- pol ynucl mbodimm&@dlidi@o@&ﬁﬂcﬁ?ﬁm RANMHITIafOS dr 86dd, Bsprégifaed Ol | owi ng:
nucl eoti de conprising a target sequence;

) AR AR es o8 Pl So SO 00 & Tt sequence
anarog: THAes Bthods b CRRENihg 4 MR IO KeRaRGAORTRIGY wEREla: 2.,
#RNA/ DNA  desotibod abane, wiicreigeNFRs dnd INTR aridgsovtiith yire primeér dotigatiqiot i de
inen coltpPaishe WHh8FnE e IRHET SEimiBleTions ndiorniinaimpd ST sorlees, bt ¢
P01 o snk st s LSRRGS WS b LRSI D
amplification product is analyzed for sequence information, as described below..
20 . . Inother embodiments, the.invention provides methods of detecting nucleic acid -
sequence mutations and/or characterizing target sequence(s). In one embodiment, the
Jpresence or absence of a mutation in a target polynucleotide is detected basé_d_.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 tbé_li_near or
30 enhanced linear nucleic acid amplification methods of the present invention,
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suitable conditions such that (a) the conposite prinmer (and, optionally, a
pol ynucl eotide 30 conprising a term nation sequence) hybridi Zﬁ b[c)) ®Iae
tenpl ate; (b) priner extension occurs fromthe conposite pri rA W3t orm a
~dupl ex; (&yo besd] cl eaves RNA of the conposite 14 31 AUG 2005 WD 01/20035
PCT/ US00/ 25104 primer fromthe RNA/ DNA dupl ex; (d) anot herPE¥§988510¢ pri ner
hybri di zes to the tenplate, and anot her round of prinmer extension

(medi at ed by DRthgrahsthedsaekich QsC e e &ﬁlicg .strand al ready copied
fromthe ﬁ)g | ate. Optionally, the%fndjlh(lililgavmmr-lg | %ﬁ%whwwmrf)ﬁﬂ?%e
anplifica 9¥- r eacti on (either at the 5 sanme tine as those conponents

| i sted above or added separately):. (e) a polynucleotide conprising a
propronoter sequence (which can be in any of a nunber of forns, as

descri bedAHmmgz)Oﬁﬂéf%ﬁnﬂWbﬁ&%%ﬂygy}?, ,ﬂjﬁég%hto t he di spl aced pruner

ext epgsi on prodyct 1) ribonucl eosid ates or suitable anal ogs;
and fg) RNA poﬁ)ﬂm Beatipndraethodsoofithe investiciisrovids séverdl 31paAIchitlal the

displaced | s [ garding the 10 various conponents of
the met hogs ?{é ? ﬁ'ie\e °§§SHP°IFW\P§?# &EaEO?)rKg‘F&Emab@l ofprimedrierplate,

enmbodi rrenpamexté:@ensibtﬂﬂfdldi 1 en nu aci ds
(DNA. or For the se?ugﬁ%g%ﬁ}%m{yﬁémgﬁgg Efﬁnﬁ‘gﬁ Bﬁl‘f‘gé (or, when
embodi nen@%Pe néﬁn the gleaage phithe RN Atpiottionuf ke hybHd idedipeinicr 895 ribhiR14SE ],
appropri a?&i t%' ,lh% eﬁé’ be Ia el led or unl abel | ed, are used.

Accci)adl ng@y, he | Vet on I51RR ‘é"tffelﬁ%ﬂ& Mmphgftbcpamgat
nucll@ot i deomsequentiycthe RVA it s @iptibR phdiy rein dl\rI'Ps
and dNTP an ‘tfﬁﬁg%g" ch re pri malr el oﬁp%’?llcon te??nﬁ%ﬁ‘%ﬁgy&\%ﬁ%’ﬁ :

| 'abel | ed %‘ aéﬁﬂmhqlwppgclmwﬂer ofTthe pmmgmmphtmlgommm rrer

el ongat i advek A6BoRELIR b | abel | ed or upl.abel|ed, are used, and
the anpljification prgldsu%?nlgghanélug%g k ﬁ%@‘??ﬂrﬂ??r&qtpﬁ)ﬂ"mﬁ%
descr i bed'nﬁ’éi plificationproducteadomdt mbl%»fh?&ndnhﬁﬁ‘%@ﬁic‘iﬁni&?&'p@ cfifé hods

of detect 'ﬁ'ﬁ”@f&,@’& se ence rru ations and/or characteri'zing target.
sequence(s n o e inyentignsuesistantap nan-specid on i n

a tb¥ get wlfmmmdﬁe%oh&nﬂﬁét%t lify the .
Corcel po TR SR ferit mﬁfm By BB el o (o
cont ai ns T o | igphventi on.
I n anot hQﬂeﬂmd%%d%ﬂ%‘i’gigﬁ gﬁ \P gducts are_use flor dlet ection
of mutations by nybri |on iélffe °(9 W?féb‘?’aﬁ@nﬂmr
enbodi mersuitable for opep ibkeiptatfarie @Uﬁﬁmﬂi &e&%&éhﬁleal(i%o%&m hxgh throughput

testing sites, and the like. -

20 -The unique féquirement of cleavage of the RNA portion of the composite primer in

the hybndlzed 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 c¢DNA which can be ampllﬁed
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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and/or identify single strand conformation polynorphisns in a jtiag®ess
pol ynucl eotide. In yet other enbodi nents, the invention provides nethods
for gener@bioqgoos i croarrays of nucleic acids (DNA or RNA) using the
amplified products of the. linear or .30 enhanced |inear. R&IEP¥234Y ¢
anplification nmethods of the present invention. . 15 31 AUG 2005 WO

01/ 20035 1R . i i . duct s
descri bed ?gfﬁiﬁgfﬁﬁ%ﬁgﬁﬁc@f@%%@g&}ﬁe@@ﬁpﬁ@ﬁé@ﬁ%@é@i on
met hods demplaée PNetin therenhaiided linemt drfiplifidation nistiidde)ls of the invention

provi de sever signi ficant:advantages over other nethods of nucleic acid
anplificatio n%ﬁ@g‘ﬁwwﬁﬂ‘a Hveption 3%@ regwiit theamocyplingigthat,emplificationesan

di spl acergije ' t ensi roduct. i,s .. dependent on
t he cl eavage.dg?m%whgog{el\lﬁﬁ%l%ﬁ%ﬁ og %ﬁéﬂ@%ﬁumc&%@&?%%wdgdxpgbonUC| ease
act ivi t y facrlitating eixermatiomand edaptativndor Mighdhughysut baplifiediohR8d/er addpdis GoT t i on

of the prinmec. 1 nsequently, the transcription product generated
fromthe n(‘}gﬁfﬂ @kdosog) or ﬁéa%nge?PﬂPﬁ‘P?m&Jlﬂsﬁﬂd@ based onithe arepl%mtlm of the

ol i gonuclj kidS arel s | i gonucl eoti de S not
contain alfﬁ%nltngﬁS' éﬁgn?ﬁ&éﬁg%%?\l&%ﬁgr&&?{ cyg%ls?th%ndblgrt H of the
primer.. mnrtbeds thitdaserbeer iepadtédreqpirothennal Gichngfor tikaRpRbRobf prithed di zi ng to
the pri f or rqg@g tive anplification,  making the amplification nethods
of the if °‘f?ﬁ°8§" ?Csséf?.{ﬁ%hﬁfgpg’?bmeﬁ%‘& fihe igatherrmal Tenstiam s Eastar thansthat
cortgam naffordedWylthe L Qr Lf: 4.0 I ons.
This feature cl.g.tar I%?Z?F%gﬂlﬁgﬁg‘g&ls% 1??(8%1? %@ﬁg%{:}%&@%@%@gﬁ?@i cation
met.hods,- a5dA misiapurized ewegs.and t he |i ke, and renders the nethods of the

i nvention -suy r._0 t ub | aL for,ms: conproply used in clinical
| abor atori es, %gﬁér?ﬁ&%ﬁfg{ﬁlhe'%@?ﬁﬁﬁ}%ﬂ%ﬁm%ﬁ Honfy g@inglepgimeris uni que
requi r emeequiretl. &l single peineek is Wil POVideQihidifectibtal GRMRPSLtbRioH haBesiifs ¢ he

hybri di zed exten orm a ribonucl ease such as RNase H, for

anﬁ (%ed f by a, ] [ (
further 'hpgplifcation,of template nycletq acid aThis ebuiates e numegeus drawbasks aci d

o B ikl R A Pain TOL bRl O of el POHiad B '
genoni ¢ BMaof prigerss themerd &0 havegrioc knokledxe ofdn afdtinalliigterce 264161 wihin 5

useful f I at uanti figcation of gene dosage.” \Wen the test target
nuel ei ¢ ;ﬁgcl tgﬁﬁs&tc nuclée acid, an (e increased gtobability thgt amplified products are the J
result of non-specific priming. : S |
The linear isothermal amplification methods of the invention are also suitable for
20  use fpr 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 sequerice, quantitative
determination of the amount of the target nucleic acid sequence, detection of the presence
. of defined sequence alterations, as needed for gcnoiyping, and sequencing. The products of
25 .the amplification according to the methods of the invention are single stranded and are
. readily detectable by various know_ri nucleic acid detection mcthods.,
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 ofa singie, genomic
30 DNA, or may represent specific sequences of various nucleic acid targets, which niay be

present in a single test sample. For example, the methods of the invention are useful for the
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sequence-is RNA, the target is first transcribed to produce cDNA which can
be anplified wusing the methods of the invention. The methods 9f fyhep

i nvention al so provide for anplification of target nucleic acids Ql’i hi gh
accuracy Wybhih ﬁ? pect to the tenplate. Each anplification product is a
direct 30 copy of the target sequence in the input tenplat PADRKOY2H104 he
l'inear anplification 16 31 AUG 2005 WD 01/20035 PCT/ US00/ 25104 - et hods),

or the i npdetectiondf the Qél?ce&fﬁqf, e t.en uct t he i nput
tenpl at e (in the gnhanced |§1§ %H%ﬁ‘&g qﬂg't‘%(dﬂgﬁpf %’l’é“lﬂ’& theis of
t he i nventdelsamingtian of vmpnsmelmhmphune;ted inGsihgle GBAmRDNA afplcd @R pean be
performeddg ?ML%P% %ﬁ‘ featgtjre pr.ovi des numnerous advant ages,

i ncl udi ng aci \s B’rﬁaﬁ‘l’ fi reAcHoRdapt ati on for high throughput
anplification anﬁ/lﬁaersﬁ,aa [ lp.dS i ng
met hods based on the anpl :t%%’c‘zltﬂ?on rret‘*tods dW@ts‘?eﬁ%el?f%RFF%raég%ﬁ% Yified
by the abl“wmpﬂ%l@g Heompanents Ioeaspeea;:tﬂxemnusﬂhlaaﬁﬁ@bdééeufgoaﬁﬁents'?&l?ﬁ’ds t hat
have been«e&% é rg@ txﬁ&s{ter ing for the separation of priner

ext ensi on produ SEny ﬂ@é@y@mu 'I‘Flmmsentiwralmlmcledest ionis

faster thembblidientOwhich®. 2 d. s I for
perform ng segueer?m ng%gf %%Pget%&% cgﬁg()ﬁgn égf%pegt' r#’l‘ﬁ devi ces.

Anot her a lat}étscﬂescrlrbdd@t‘dlmds of the invention is that onIy a single
primer is .required A single priner is utilized to provide unidirectional
primer extension that results in anplification of tenplate nucleic acid.
Thi s obvi ates-the nunerous drawbacks 15 assaociated with having to use
prtnl@r paﬁeserafl)‘cclamrpl e cost of desi gnl ng and maki ng two sets of

priners, the negd know.e addi ti onal. uence region
within the tenpl gte nucﬁh é}eg%nlt&nve& g’ﬁe&%’éﬁﬁ Phemsn gwcﬂ,hat
anpl medcqmuumwt;teahmqumfma&mamtlogpunémam frbSodbintitiehniquidje | | near

i sot her ma ficati.an nethods of thelnventlon are al so su bl.e for 20
use for dlnfggﬁo tdn‘tlﬁk&' Pioghemistry; gad ged immyuoelogy,f whish arerwithin def skilbof

ac f'ge'sgqﬁm"d“i &ﬁe‘“wﬁ'“net uafile ehAREA IR ndfe BleclbGRnl) Moo Pries
det dét | on mﬁﬂmll‘é?lwahemosdzqdlum&mﬁmadt et 41, i1989); d@],gémc[@,ha@n of the
amount ofg f se det ection of the presence of
defi ned se%ﬁlﬁﬁgmffﬁ?@n§9ﬁ§swﬁenﬁ pFWghﬂ@nqu&ﬂknm ng. The
product s ‘O¥ethods in Enzymology” (Academic Press, Inc.); “Current Protocols mMolecular

_ Blology (F M. Ausubeletal eds 1987, and penodtc updates), “PCR The Polymerase
' Cham Reactlon” (Mullts etal eds 1994) )

.20 _ aners ollgonucleottdes and polynucleottdes employed in the present mventton
can be generated usmg standard techmques known in the art,

Defmmons

A “target sequence,” as used herem isa polynucleotlde sequenee of interest, for
25 which amphﬂcatwn is desired. The targct sequence may be known or not known, in terms
of its actual sequenee Generally, a “template " as used herein, is a polynucleoude that
contams the target nucleotide sequence. In some mstances, the terms “target sequence,”
“template DNA,” “template polynucleottde ” “target nucleic acld ? “target polynucleotlde ?
and vanattons thereof, are used mterchangeably
3t) “Amplification,” as used herein, generally refers to the process of producmg

multlple copies of a desired sequence. “Multiple copies” mean at least 2 copies. A “copy
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25 . the anplification according to the nethods of the invention are single
stranded and are readily detectable by various known nucl ebqu@gizﬂqgi

detecti O&gﬁl{;@gﬁs . The nethods of the invention are furthe f for

mul ti pl ex s of nucleic acid sequences. That is toPEHYSWREMousS
target sequences may be anplified simultaneously in a.single reaction

m Xt ure. £ i . . rt. of.,a.si e.genqm c 30
DA, o " abeendtBlcluiaily ol bected BEARRS. DR pRRGRARY, & it RO HRIRE, Oor's
whi ch naseqeenco ks ertmple, copi¢s @hédnéledd nsdedtide ankiops iR aPHoxyildsinget hods of
the inventjon arfe useful far the 17 31 AUG 2005 01/ 20035 PCT/ US00/ 25104

det ect i orlnRUQ hence aiterabions (spelbassseguensssdtarations introdungd shrough aprimer
AR APVt . | o e
Sl o gLotilisihg ¥ zedubfioc ! ETRRRIAAR, Wl nbREbRsitmBRaYe ki BF (naltS Bndiy o

reac i on.sequencesertors! thias bevvd dining amplifiationspect to all enbodi nents descri bed
herein, as generally 5 "conprising"” conponents or aspects, the invention

al so incl udes EpiyBudlentides’ artinueleicasishsasused dnterchangenlly bereith eefer toonponent s

or aspec | ] | | ncl udes i Lch "consist of'

t hese ¢ o&r%%%&nfosf @%@Qg@&@ﬂ?@ﬂﬁﬁ iuégu‘?ch &% aq‘%g%ﬁéd i I'H"Eleﬂtéieé b

herei n. HoGaivenwdleotided) nibaraciediitiRs Hhadified Auslkotidts oP b2RS, Ahd/op URTHdnSidgyY | |
enpl oy, unl ess, otherw se jndicated, . conventional 't echwes of nol ecul ar

bi ol ogy (OF ARY THpstie that smbainerporiehintpiepylymerby DOHA of BYYA palpmerase. oA ogy,
R L g
Q oni ng: thdr analogbokaireseqt, udifidation tétheamdlcodds étﬁjttl(rSﬁ?'ﬁ?rb_é_QiﬁF&&eﬂefore 1989) ;
d i gonucl epti de nghesi . Git, ed., 1984), "Animal Cell Culture
(R 1 R RS b pyfmen ke sebinse o iplioR e ey he RS YRS:
cds. | 1087 o et aae aay Bolestins iy B MR modtndd ety PEBRIeRRMIAR o
(Mul lis épclhqs.b,yc@ggxg,ati a latglipg compgnens) Ogleon typics of inddificatiehs include,
o 5 P S U B gt By ORI e
an analog, internucleotide modifications such as, for example, those with uncharged
- linkages (¢.g., methyl phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.)
aid with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.j, those
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 alky_,lators_, those with im;diﬁed 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 prdtecting
groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated to solid supports. The 5’ and 3’ terminal OH can be phosphorylated or
substituted with amines or organic capping groups moieties of from 1'to 20 carbon atoms.
Other hydroxyls may also be derivatized to standard protecting groups. Polynucleotides
30 can also contain analogous forms of ribose or deoxyribose sugars that are generally known

in the art, including, for example, 2’--O-methyl-, 2’-O-allyl, 2'-fluoro- or 2’-azido-ribose,

19



A "target sequence," as used herein, is a polynucl eotide sequence of

I nterest, for 25 which anplification is desired. The target sequence may be
knovvn or not known, in ternms of its actual sequence. Generﬁx

"tenpl ate used herein, is a polynucl eotide that cont a SAYUEH&USt ar get
nucl eot.dé“%@tsﬁf’ f’ﬂ:e I n sonme instances, the terms "target nev/nsm:mw
"tenplate DNA " "tenpl ate pol ynucl eoti de "target nucleic acid," "target

I | eqt ke t t b f d t h bI . 30
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| t egat ! Bodihe :
Pybr 1 di 2 e e o4 Ebods °ﬂ‘é*%£*}$?%@fh“Fr‘haﬁ?§%it%t BY ORI, P uence
ervors bl opis Gomlade RGO, POON OO oS 1)
Sny Iengt;H'}:fzgl:garEn‘ik %ﬁ%‘iﬂ?‘aﬁaomsu fm@@mt@b@kﬂdd -1:C) opélonally

eoxyri bo 0 n S or

y e or (09 g by ken] oAk WGk B il Nt

and/or thgir analogs,  or”any su
pol ymer b smamwwmmumemﬁwpahymﬁgd&eﬁmwmm

nodijhi ed- t.h des and their analogs. |f
preéte)nt E%lghfa @nf?ﬁ‘ﬁi’%ﬁe&b|‘8%?ﬂgq§% may be irrparted before
or after assentOligafuclebtidey®hyiged hefdig, g%ﬁald,ﬁyl?éfc %}-g,lﬁéggﬁé ebfeurt - ..

i nterrupt non ucl eotj de_conponents. A po

modi fi ed %ﬁ"g& Vﬁ@l‘?@é‘?ﬁt{?wﬂw tldgﬂbytmmly;anntmbcmsdrdjqééssng
conponent thafa at 15 for, exa S
substitution. B‘g!t 22%26‘2?&?0&?2‘?‘%‘&@% éﬁg M/Jesb%gﬁrpf?sﬁ@t WUE‘PrT‘B’(’j‘t ?}E&&Ft h
an- anal ogcompasite ptinica ESQ P Tvatd bbakereequeﬁus hiaSterchd*oloRTNERide? ARFE Wi th
unc rged« net hyl phqasphonat es, phosphotriesters,
phoE%hoam at*'{eusé ?eggg%aﬁﬁ‘ég“ 'é‘?ﬁ}/ ?X‘QHEVW The daseringion qbpmﬁydyb(n@clgoMes is
phosphor oedwﬂythﬂd;ﬁumpgau@@(tﬁgbgaag&ld&etc ), those  containing pendant.

nmoi eti es, such,gs,, .for exan? proteins (e.g., nucleases, toxins, 20
anti bodi es, si '@nRF“}Sép‘ﬁlgﬁ a 9110_!1 Smglemankdqao)ynuchoﬁdae \gehéra]ilﬁtvﬂh@d'te@t ors

(e.g., aC3"-@H‘Eoup, that binds to a target potentially present in a sarple of interest by hybridizing
" with a target sequence, and thereafter promotes polymenzatxon ofa polynucleotlde -
20 oomplementary to the target. '

A “termination polynucleotide sequence” or “términation sec’ldence,” asused
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 polynucleotlde sequences (such as blocker sequences and TSOs) are provnded
herein. o ' '
“Blocker sequence,” or “blocking sequence” as used interchangeably herein, isan
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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psoral en, etc.), those containing chelators (e.g., netals, radioactive

netal s, boron, oxidative netals, etc.), those containing gﬁkmF ;] rs, those
W th nodk,{,q’,gﬂzob;;kages (e.g., alpha anoneric nucleic acid S %‘5 as well
as unnodi orns of the polynucleotide(s). Further, an EBP 19 -,oﬂydr oxyl

groups ordinarily present in the sugars may be replaced, for 25 exanple,

by phosplgast : , %E&ttﬁp%g tecting

groups, or aqfﬁs\%ﬁ?f qbgngégtgﬁgnggm‘ﬁgﬁw ‘{!?s%b‘gigles 0 addi E?naﬂg
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term nal ﬁﬁca]n be phosphorylated or substituted with ami nes or organic
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al so be deri vafty a e?m?ﬁ% elc | can
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genér al | gheksitsypointior regien of the templatedihagis 14soreptizated by theZDNA K thse,

2'-Oallyl, 2 -fluoro-.or 2'-azjdo-ribagse, .19 WO 61/10035 31 AUG 2005

PCT/ USO of&@i@%@%&&%‘@%&on@a@& PHmshextension) s demplate syiteh  For

SUQars sidgingle, VIRREFRE® a T8 ﬁ%d@p&sﬁ&ﬂ%ﬁ%ﬂ&yfnatﬂgfa?%ft%g@céccMi?nose
nucl eosi de anal

sugars, sedoheptul oses, acyclic anal’ogs an asic 0gs such
as net hy compleoentiey todhe3 oendnafithe ptinep brdhsioi produétpting esswitchiletemplpl aced by
al ternative Linki roups, JThese alternative |]nkin roups i nclude, but
are not WWRQ%°%§@§M@%MW%M§BW$&%§& aced by -

P( @pS( "t hi oat epgyy ter sedquéihdet 0 . nh,g@%sﬁ : ;

P(OOR , CO or CI—? ("forsnéggetéae?"@_‘ﬁ)ﬁbml C%%@&cﬁ or ".h}:geu?%geggr?dentJ y
H or subsinglecatrapdedrDNAsseauenice segion avhih, ir{ double-Byandpd farmedsicapabbeoeft ai ni ng an

her (- 0 )i ki - al keny| | oal kyl | oal kenyl- | dyl .
ot a1 i KR rnithiond KRN« b aploprarBier BCRRIe bt cced ng

- descri pt Fpsotopparhoters” Tpropdoimotét sequiaire 'l “peipretaster, e priohfrleriseqlidic&” Bnd i Ncl udi ng

RNA and PNA. "Q,i gonug) eotjde,” as used herein, generally refers to short,
gener al | yPEOMQYrearc intrachangesbly.al |y synthetic pol ynucl eoti des that are

general |y, buktgRilaResssh alil M“‘éﬁﬁ‘éﬁgﬂﬂ.ﬂ?ﬁ%?g?ﬁ%g@ﬁ% €Yyl des in length.

A igonucl eotides 1n the preSent Invert} conposite prinmer, .
TSO. PTOoligenuoleotdecthatcamymisesa pottiont(or region) tiagisrhybrididabléad ademplattat a

ol y ok KSR (o EnaionfonfE ofpeeramsionand et iorapabi ol FUGRIREds. A
;p][ | mer " teniplate BRItEH 1nthé prodeds o Prithir xinSBH B9 IIRAYRUImEALS, dPsoggeer al [ yw th
- generally known in the art. “‘I‘cmplatg switch” refers to a change in tcm_’platc nucleic acid,
20 generally from the target nucleic acid to the .unh.yb.ridizo;‘d portion of a TSO, ,dutiﬁg the
course of a single round of primer extension. e
. “Propromoter template olig_onuclco;idc.(PlTO).,_”' as used _h_créin, rcf"é:s toan
oligonucleotide that compnscs 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 mﬁy be the s_amé, distinct or
overlapping nucleotides of an oligonucleotide. _ | o
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 deiecting
30 mutations, or characterizing sequences of a target. |
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3'-OH group, that binds to a target potentially present in a sanple of

I nterest by hybridizing with a target sequence, and thereafter pronotes
poI ynmerization of a polynucleotide 20 corrpl enentary to the tat gat 2008\
"term natigp qqﬂ % ucI eoti de sequence” or "term nation sequence,"”. as used
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| ocat i on Fomparedite atreferdaneati on point (site). The hybridi zabI e portion rmay
or may not enco ass the entire term nati on sequence. Exanples of suitable
term nation pol AMRIEX | Hé“mlég%mmnas Abd:m;bdexnmgmumayﬁst REthblSCs)
are provi ggl Iock| ng ence as used

s BRREE HEGRE For cihmpl, &5 h7ipserboq haa e, and

i nt erchangeably herein; i

ref erds toeaﬂamlcoxyponmmofaﬁacﬁ&ﬁ
t he tenpl at e ucl ehe%gl d at al tgggt i onh 5@?%@%2@%@3@%%@%{'&%6% 20

31 AUG 20068 §°4>cﬁ?tusup¢$s ofthisinvention, weomplbx ivpenérall\én
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target sequence. Its ¥ “en %‘%m% dSked for extensi on by.

DNA pol yner aseA m«n”rm‘t‘%egioﬁ,f’h%d thrchahé‘éhEb"l?&énﬁ,%ﬁMnucle@ﬁd

mterchangﬁgblq\é ﬁretn refers to 5 the sSite, polnt 1on o the
t enpl at e gnyeleofide s 4 cqpfi %WW%ﬁézmombmrhmhcrmmmsrm nati on

of @eol ynegé o fdaktval L&D r.tenplate sw.tch. For
exanpl e, ngt&ﬁi rtéi?g(éﬁkfi&% a Té)ga{h@e#?a gggﬁ zgﬁoﬂtr' S PEgleqtides he t ar get
o ot ept ok mg%“’“”f’?“‘?ﬁ?é“‘?ﬁ?m P ?2‘%‘2“53?3%?3%?%%?‘?82 to
the unhy brﬁll’ %%4‘% ﬁg'ﬁﬂgf °’t% , Fovcxapple, an Partiogaieinis adjacent tb
" pr opr onoaéf Dqumm&,of adBmpoSite Pram direc{lf’B?d 0& T}Q,an ﬁ*‘&%ﬁd KDNAt

0 iatin

sequence gl on. Whl cp i n_ double- stranded rmis capab € 0
RNA trans '@tt exts, prot opronot er sequence,

"presopro not er A 'rcd%hGR s ugys(gﬂx%ﬁz{gg ng ﬁ%‘ﬂ ' m%;,sviuch, uﬂet sultagle

sequence, " ~and "pronoter
conditions, react to form a oomplcx (which may be an intermediate) and/ora product(s).

“A”, “an and “the”, and the like, unless otheerse indicatéd include plural forms.
' “Compnsmg means including. '

. " Conditionis that “allow” an event to occur or coudmons that are “suitable™ for ari -
20 event to occur, such as hybridization, strand extension, and the like, or “suitable”
conditions are conditions that do not prevent such events from occurring. Thus, these
condmons permit, cnhance facilitate, and/or are conducive to the evcnt Such conditions,
known in the art and described heréin, depend upon, for cxample, the nature of the ~
nucleotide sequence, temperature, and buffer conditions. These conditions also depend on
25 what event is desued such as hybridization, cleavage, strand extension or traniscription.
Sequence mutatnon,” as used herein, refers to any sequénce 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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15 "Tenpl ate switch oligonucleotide (TSO," as used herein, refers to an
.ol i gonucl eotide that conprises a portion (or region) that i § mﬂgﬂrgl di zabl e
to a tenplate at a location 5 t .. the termnation site of ﬂ) p0s :
ext ensi onVIIY29938t i s capable. of effecting a tenplate sRETEIS0W/2510e
process of priner extension by. a DNA polynerase, TSGs are generally known

20 goneral iy 1 PR Loy BERoplloR BoliRofptisd el LANGHer IA2AAHERC | on of A

TSO, dur igegetallg refepuitiespekific confditlabion O Adire RMahdB nycRId RIFAOR affected
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ol i gonucl eotide. A fast sequence which "corresponds” to sécond sequence,
“such as &Anfumation ef e pobymueleetideis generally detectableidersifinblatandioe f i r.st

sequence 38 «Si g0k equence.-identity with, respect to the second
sequence d;@ %lgéfsﬁse‘%l%nbg‘ég &gﬂé@ﬁﬁ?/wﬁ é‘éﬁ‘ci ﬂ,§£ tsﬂéq ﬁf,lﬁc@;lpogthd@?@ B ¥y 30

nut at i onsacasired ibyrpRLélecttophbitsHEEipH ,231,8.%- 05 WO

01/ 20035 P /USgg/gg.5104 o "i nhi Di Wi%ls&?gﬁlé(;ergdﬁgggde/oor r 8uce g‘ﬂ activity,

functi on®n Inasedigestionas conpared to a reference. A "conplex" is an

i el Y or 1 nRCRARY ald SRR wiRY el netSingyefees o BFRRFRNAC i ven
5 cert ai of ecolicstiontof noéleatidecseqiicnoss ind\ékrithatizéd/Béatidh, ATAY 6 B oh sdlite

reaction E?Xi tence of .a ﬁgrrpl ex can be inferred. For purposes of this

i nvent i oUPSHalS, SiFhas & slassshde. or pp asemissalid substrmts wichas nitroselBdese t o t he
final amaenitiadd. | PR RicRUEE beuendds cBR b IATA, RNA, by e

i nt erchangeabl y her ei n, of g&%lol yhlﬁ%% glﬁlA, éﬁ{a nuc?{égﬁllgs eml'egf'a

conti guous sedibsiter GY" gernrallyoreers toseeegiomonydsition énrd poliymaciestidesor 10 r egi on

or rti | $ of 3, 5, 10, 15,..20, 25 contiguous ‘
huc eoti§g§§a‘ﬁ?¢°§8?§n§d°§8’§#%a&@ﬁ‘ﬁé#&%&fi!’eﬂﬂf’%m@ﬂm@nt " to another
.sequencepdlynaclebtide aiuligpnidiédtidecgi on, portion, or sequence. For exanple, an

'RNA portion"\i\/bljh%h i s adjacent to .
-+ Theterm “5" generally refers to-a region or position in a polynucleotide.or

.oligonucleotide 5’ (upstream) from another region or position in the same, polynucleotide or
- oligonucleotide. I o R
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
t}le 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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a S DNA portion of a conposite priner directly abuts that region. For an
illustration of this exanple, see Figure 1A-C. 15 A "reaction m xture" is
an assenbl age of conponents, which, under suitable conditions, react to
forma cowe ¢aogshi ch may be an internediate) and/or a pr odiﬂ:tAS; 005 .
"an" and "the", and the like, unless otherw se indicated if ﬁloilral
forms. "Conprising” nmeans including. Conditions that "allow' an event to

occur or témabaut 20, smoiegirefarably foth aBbES td zﬁfol?g r'g, e%gn ﬁx‘%%%ﬂ%&b%pﬁ'gw cﬁbigﬁl'thEs as

hybri di za It‘l o?r@ hé géexteny on, and the sul't
are condi ? OOV ha nuglsotides prevent such events from occurring. Thus, these

condi tions per tﬁﬂxl“ facilitat and/ or . ate conducive to the event.
Such conditi on‘slllbé nomqnaﬁdctgﬁ‘gy ?@%@%‘Bﬁgrmﬁl&!’émﬁé‘if@t@ﬂ d@cbmtl upon, for

exanpl e, détectivat Foeedm 1Be“detetablo Thivee and buffer
conditions., These (iondll?l ons al sg deper@ﬁab@g@gmg?g%&{?ﬁ “Fgﬂlagfs, red, such
as hybri Jingieqtlysan é@@g@ icates anndrednbam(mdudihghbzpmwspts@mad Sequence

"mut at i org refers.to any guence alteration |n it
sequence de &lar?tw:{rﬁeﬁ Wﬁﬁftsla%ﬂ rEasss P@F@F@?@W sd disestlyeor indirestlyr ence
sequence can be a wld type sequence or a sequence -to which one wishes to
conpare a sequence of interest. 'A sequence nutation includes single
nucl eot.i de changes, or aIterations of nmore than one nucleotide in a 30
sequence,a;}u-po h as s | tut el etion or insertion.

Si ngl e nucl eot'feg‘e rmrp ?%{ &' I‘rfl ‘ﬁ&@g(‘ﬂ’t@@"f#ﬁﬁ ation as used
her &¥ n. Z@M@%ﬂéﬁ%&m AUG 2005 PCT/ US00/ 25104 "Si ngl e, stranded

¢anf ormati.on p@}#/ FFE mand "SSCP, " as used herein, generally refer to
the specific colffBiHds# )'ar@nwaea@phﬁemmludummimmdsﬂﬁmanssamect ed

by its spreufified StedfRIE SRS g se ce .of, the
s?/ngl e sICi ? deld _pol ulglag%r?‘l’de ?&gﬁjez;?h @g’:’}é‘%n é’é&ﬁé@f@*ﬁﬁ&lﬂ?lu@%n
del et i onéﬁgn %NA,W@&QM@EM&HA elilo lMNMRN af DN

conf or M)A K Syl g st.randed nucl eot | de The conformation of
t he_pol ynucl eg{7 %% IS gen ﬂéﬁ"?‘?’n Ie”“?@eﬂﬁ tﬂll%gmeélof

di sty ngwbmlegllcdmateng sweli ixfiitrdongaiisnhd) el he tl C
mobility suredaltgy gel el ect rophgr esfag{én %&%Pary % %ﬁ%’
and/or s tsdhg@ef. | Otaining arid purifying nuclexc '

acids use standard techniques in the art. Amplification of an RNA target will require initial
~+ ¢DNA syrithesis, as known in the art. Amplification of a DNARNA hybrid would require
ctenanwaﬁon, 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 ofa
complex mixture such as a biological sample and can be obtained from various blologlcal
material by procedures well known in the art. o
| The initial step of the amplification of a target nucleic acid seq‘ﬁcnce 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 synthesxs of
¢DNA from RNA are known in the art,
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10 "M croarray" and "array," as used interchangeably herein, refer to an
arrangenent of a collection of nucleotide sequences in a cénit Al 10&%ed

| ocati on, wﬁr({hg §scan be on a solid . substrate, such as a glass slide, or
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ol i gQ)nuclcampmleat h@stbﬁdRNﬁDdeﬁ tﬁdﬁs &A’aﬁﬁg"?@oﬁ‘{*ﬁ"f@%ﬁﬁ%ﬁ&?e or

oli gonucl eotide, and ma%/ may not eoti de(s)
or i et iEYURLE %ﬁ'&)‘a{gﬁ %%lGGCIM@mDWG) ladepalkdcntfofhyhn&aﬁmn afahe/DNA eot i de

or-oligo $)it6&- aply from about
23 WO 01/200 (gg) s@l?gég:ﬁ%i%%&% %093‘]1(%318" re preferabl y
from abodi au@lmsabﬂm hyBridieed:to the taegetTINAL amiexeoﬁfp@m@ﬁﬂﬂérs bﬁx& o) (}ﬁ@
nucl eot i qﬁé enc(?i%em ion'.Jinc Ioa'*és any peans of detecting, inclu | r ect
and i ndirec L p partial hefer fip i Whichandy- the WP@MOfphc)ptumeswrray be
0bsi5 ved olfaverion @ntachwitd R Nased dughd on
(including no products) Simlarly, gttlec Y ’fmrgéﬁ%t%%@%%ﬂg AfiSahy -
I%He nahling agecaling pécndtbrermompmdxtc priinksy . _ .
o Thc composite primers also comprise a 3’ DNA. portion that is capable of .. .
hybndnzanon to a séquence on the target nucleic acid (template) such that its hybndnzatmn
~ to the target sequence (template) is favored over that of the nucleic acid strand that is
20 dlsplaced ﬁpm the target nucleic.acid by the DNA polymcrasc. .Such primers.can be
rationally designed based on well known factors that influence nucleic acid binding .
affinity, such as sequence length and/or identity, as well as hybridization conditions. In a
-preferred embodnment, 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 smtablc 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

I ncrease,
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Conmponents and reaction conditions used in the nethods of the invention 10
Tenpl ate nucleic acid The nucleic acid (NA) target to be anplified includes
nucl eic acids fromany source in purified or unpurified foranjg Am%ﬁ'ﬂ can be
DNA (dsDNy@phopsdPNA) or RNA, including tRNA, nRNA, rRNA, mtocC rial
DNA and RNA, chl oropl'ast DNA and RNA, DNA- RNA hybrids, or PaFRPUREWEt her eof
genes, chronosones, plasmds, the genones of 15 biological material such as
m cr oor gathaethat eompRecitdédstond/ fetdibh of RNA' SRS tl&é@ﬁ rtiBRbESNA, fAingi

pl ants, anjnal s, humans, and fragnents thereo?. aimng and purifying

nucl ei ¢ éh?‘ﬁ%“hgwlﬁﬁmﬂsmem@s peiforthdnee af the vatiphs primes wed fof an RNA

t t Wi Lloopeauire it gl t hesi s, in the art.
Al 11§ car BRSO E bl ecnfiorofe Bhur, Fombistis PmeRaACAmPI 5 5FRWAe
hybri d t opotticnianda ﬁ%p&ﬁoﬁﬁﬂ%ﬁﬁc%ﬂ%@ﬁéﬁ%a@%ﬂ?%%@g’éﬁglﬁ y a ninor

tran'scri ption to obtai n a CDNA _The target can
fracti on BPFURN) @SR & HRINArporionswith an intervenigg RNA portiphe AeostdingBinbe

- obt ai ned :d lological . material b d Ll K th
art. e BRBRLIRHE o Suisie aripe rotoatsess 55 ROVA podiopandmACIOVA poros,
sequence peferabigaviicpéin thd) ' bngﬁ%&ng(grwgﬁl éctrﬁgg_ fxﬁ{n%&%r nucl ei c

acid is a_dpubl e stranded (ds) DNA, \ ep is target
denat ur at FHAS 8t ds eQmPQsite primer epmpreigesiie- anded’ RN Aoodérsith ftilcadtondny

RA | the. TaYRRERNABbBRL s KR Rou beboen St AL dn TR,

TecHAi queandther enitediment)theics sa-tagwdm PRnEIR M bty lisk 3 9pl 24 31

AUG 2005 WO..01/ 20035 PCT/ US00/ 25104 Conmms4e priner. . np i on
met hods oPPTFRR w&e@weﬂe UeRvening R A podion(berpusRNA portioe betweet DNAs '
conposed pértiGh¥). and DNA portions. The conposite design of the primer is

critical for subsequent displacenent of the prinmer extension product by

" binding of a 'n;EE’ leagth of apRINA wrﬁmréiwné?ﬁheﬁmwmfﬁﬁnﬁh%?@{ thfe
New pri Megndhh ok e. kLn ition, .cleavage o e portion o
the priner extengL| on éjﬁ‘)'r;oégluc_: P'#%%\@%%&‘S‘Qﬁ‘él‘éﬂ#&ﬂ" 9, mogeqreferablytfram product
\(/j\/ni d& ib s-dabgmlt Atcalantt 26] evehotiors PRiferabR Ao AbOK 415 AbGRTBORMd R0l prdEibly2S

escri bed. bel ow.
SCT 1 e Om about 5 to about 10 nucleotides: In some embodiments of a-composite primer
comprising a 3'-DNA portion and an RNA portion, an RNA portion can be at least about
~any of 1, 3, 4, 5 nucleotides, with an upper limit of about any of 10, 15, 20, 25,30 -
- nucleotides. -~ - . : -

20 ~ The length of the 5'-RNA portion in a composite primer comprising a 5’-RNA
portion'and'a 3°-DNA portion can be preferabiy 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. , o
| 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 I to about 7 nucleotides, more preferably from about 2 to about 6 -

nucleotides, and most preferably from about 3 to about S nucleotides. In certain
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Conposite primers for use in the methods and conpositions of the present
I nvention 10 conprise at | east one RNA portion that is capa:gL% [?? Uéa)
bi ndi ng (hybridizing) to a sequence on the target. nucleic iH q npl at e)
i'ndependeW¥’°é4‘2°‘H§bri di zation of the. DNA portion(s) to aPSFFSI25#00N the
target nucleic acid; and (b) being cleaved with a ribonucl ease when

hybri di . . Th Si i _bi
o L 2 s 24 B5pBhls e sE PR s K g s ¢ e
pri mer i Surthér cohgprishiy m-mmﬁﬁﬁoﬂ@)t,gnan-smmﬂ;% | nscgnsygth Egﬂy?ggyn H,

while the target strand remains intdct, thus en g anneal | anot her
conposi t @fds 2, Withanunpsolimitof gboutany 06556, % dOmuckeetides3’ DNA portion t hat

[ bl e. ofy. . g brjdizati t. ) t, '
bt (oo ar dp cathadimEDF £ pEfhome il chpmiising ao LA podion Sae SnDMNA
t | at ST . i ' . [ 0
i b Beed T e RN PortBh i @areietofhe 3 AERA Bordiof tndfethn c? ¢
pr :c Imar s curRIN4 portien @Wgﬁd Brﬁfg_cﬁltfr ijnmdtfb?gls}atb zth@utﬂ@{1 hudlextides, ioed ﬂ:@&mﬁlﬂ at N
i nfl uenc ei,¢., aci nding, affinity, such_as sequence |ength and/ or
i dentit y,q}%g%%qtﬁ t8§%ﬂ'§'d$q ‘HT“&?Q%#% ."V"é‘dﬁﬂ'fetl?fﬁf?gb _FFOBI abﬁl_s‘lte? '@rﬂg@%}_. légrbodi ment ,
- hybri di zatuclRBtidds, phFerdblyPhéin RG89 abutt P%u‘éf&ﬂﬁ&%‘, W@gﬁ*ﬁgﬁ@y'fﬁn

conpl enentary sequence in the target nucleic acrd’rs er the

hybri di z20PWhl0 tefabeul Paudentides gowcertaia sohodanents bfa Sdmposite pfimeihe di spl aced

strgmd t r.oet ' | Gh Gener at.i on .of . pri suitable for
ext gsi o#h@%@?ﬁFﬁa&?gﬁbfgﬁﬁ%%ﬁym&Pﬁ Ip 3&@??"*%%{5%&:“ bed in
PCT Pub. alfjrcentds He'PeDNA portion,ahe 5 CRNASpditibf Sard BEAEAEA abolilfny of30SPRH, t €
primer c rises a combinati on of RNA and DNA (see definition af)ove), with
the 3' eﬁgp ‘H'G@PBS?SP&@ ynpenlimit of abaut aay ofil 3,7 48 20-ormueleetidss.aci d

t ion. Th Yy ] j .he. . j t t
when or egent | e ABHR ofbh M6 Eflhy RULRSuBE i R XpQGLi R oBhodflRk 84 ol
the 3' - erdd-IINAportionsevitinat leasgoncriterGminglRNA portion tan boprefecidly2iond@bodd 0035
3 1,AUG /25104 t hat i se at | east, ] f
eAlSina 50 S 7imlelatdes o picfetax BORL o B abow 6. gpadS, BNt ng e
- rel ati ve pefefablyfaomaboiit 3 teaboar § Rulledtides ElSsotfEEnbRiimeSBY 4 fdnssiten of E.

coli J gene) for one gene, conposite primers can conprise a 5"-RNA" portion
and a 31 :sempmg% g PN Aot with atileast oge intreening RNA porkiorg'anDNA 5
por.tion) w@fveﬁmglﬁ‘m portidf an TR dt |ARb9ht a%yaor} 195" Eu%ie%gde%tg%tubggr

Accor di ng

1y, in
limit of about any of 5, 6, 7, 10 nucleotides. The length of an intervening RNA portionin 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, and most preferably from about 3 to about 5 nucleotides.- In some -
embodiments of a composite primer comprising a 3'-DNA portion and at least one
. intervening RNA portion, an intervening RNA portion can be at least aboutany of 1,2, 3, 5
25 nucleotides, with an upper limit of about any of 5, 6, 7, 10 nucleotides. In a composite .
primer comprising a 3’-DNA portion and at least one intervening RNA portion, further |
comprising a 5’-RNA portion, the 5’-RNA portion can be preferably from about 3 to about
25 nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably
from about 7 to about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and
30 most preferably from about 10 to about 15 nucleotides, In some embodiments of a

composite primer comprising a 3'-DNA portion and at least one intervening RNA portion,
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one enbodi nent, the conposite prinmer conprises a 5 RNA portion and a
3'-DNA portion, preferably wherein the RNA portion is adjacent to the
3'-DNA portion. In another enbodinent, the conposite prinerdtddpiilses 5' -

and 3' - DN%KBQQHXEAqS W th at |east one intervening RNA portion (i.e., an
" RNA portio en the two DNA portions). In yet 10 anot h&ETEMSFIMeNt
the' conposite prinmer of the present invention conprises a 3'-DNA portion

and at le oy i s DOLTIORLL . .. ..an BNA portion bet ween DNA
portions) ﬁ&r}hﬁeﬁg"e‘hﬁ%‘ﬁééﬁﬂ an ﬁ%ﬁ@r %gﬁ'wyﬁ%‘?ﬂ)%%@t M&%Wﬁé:ng 'a
3' - DNA poi7; 8,00 nuckentides) withamuppet it oRabog any OF 5y, Y8/ J0oHcRBAMSs, 1 t0 about
25, nore pref eaﬁg%lg{l}:‘a@hw ‘about 3 to about 20, even nore preferably from

about 4 to abo , Fo<DIVA pprtiontin ¢ composite plimer cofnprisingh3HDNA
nucl eot i d@srioh gﬁrm@m Hpactols : site pruner risin 3' - DNA
portion a%g an o porti oﬁ? an Mpegggﬁﬁggﬁ°'8§ﬁ°%@%abpgégﬂﬁ‘é’%?g% of 1;
3, 455 nfioheatout? e about 8 even prve piekefably Fort BBb 0%bA 150andlfost 20, 25, 30
nucl eot i des, r%ﬁ g&l ength of the 5'-RNA" portion in a conposite primer
conpri si ngreferably abwgﬂttp@howda nycleotiduiA Ip some embodimenés gfraciompetitey f r om
about 3 t grigfapek : eoh . erably fromabout .5 to about 20
nucl eot i dgs, e%mﬁo“%ggr g}t%ﬁréggﬁuf%‘gﬁ?mpglq%meag%ﬁ%l@rﬂ?&%ia&es,
pr ef er abl Jeastraboutangdf. 1, 3, 5,0, 40 Autledtilles|UeHIE A hﬁg&mﬁa@dﬂﬂbﬁ# adff 1ol pRlry, from
. about 101é‘ a%ut_ 15. pucl eotides. I n other enbodinents of conposite
primer 25 %9:) aycleotides: - RNA portion and a 3'-DNA portion, ‘the 5' - RNA
portjgon can be'i‘ﬁé‘lehgﬁﬁ&fthé QhiN .of . 3 e 8. .10 nucl.eoti ith an
upper limt of abou’ any o?. ?E’@%‘QQH?“ Q%hpzhsdt&pé‘gﬁr&gg{pnfwgg%g%y%m s of
?' cogposi'l’%f“ﬁl_aiﬂﬁdaa 3c&?}bégip9ﬂm mbb'p&ﬁkaﬂgrﬁdm&bagtdl-%\ﬁbumnu&wﬁdwg 20
urther c - rt s), .@ nhon-5'"-RNA portion can be '
' pref er‘a8| y #@%%%zlig%&fn ﬁ“"iﬁg@é‘gg‘?ﬂ’k Wﬁu@!%&ﬂ%%@pmﬂmmﬁ%wrfmw ém
about 2 tt abootils Kicleotides,ond initRs refRRdbIy oM RdH 91 15 about
5 nucleotides, Ln certain 26 31 li)AUG 2005 WO 01}26‘3%&%%%1@4%%@
embodi mentBOHHMINE of B Sempesits prifier comprisingiary-RNA paRtivn gt 2 3’'aRNAEbrios’ - DNA
por tson  {Her3® MNA ORI St Aha ot 4 s% a.non-5' -.Rl ortion can
be at |east about”any %?%%af‘%gs@bo@uﬁxﬁﬂ, %ﬁjﬁp %Pu?l?%%ﬁ’&‘%ny of °
5 6, 7, hwitofebaganpesl0, 12,15, 18;20,22 nucleotides. C '
| In embodiments of a composite primer comprising a 5°-RNA pottion and a:3’-DNA
~ portion, further comprising non-3°-DNA portion(s), a non-3’-DNA portion can-be "
preferably from about 1 to about 10 nucleotides, more preferably froini about 2 to about 8
20 * nucleotides, and most preferably from about 3to about 6 nucleotides. Insome -
embodiments of a composite primer comprising a 5>-RNA portion and a 3'-DNA 'pdttibn‘,
further comprising non-3’-DNA: portion(s), a nion-3’-DNA portion ¢an 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 aboit 5 to about 15
- mucleotides, and most preferably from about 7 to about 12 nucleotides. In certain
‘embodiments-of the primér comprising a 5’-RNA portionand a 3"-DNA portion in which
30 the 5’-RNA portion is adjacent to the 3’-DNA portion, the 3’-DNA portion can be af least
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I n enbodi ments. of a conposite prinmer conprising a 5 -RNA portion and a
3'-DNA 5 portion, in which the 5 -RNA portion is adjacent jtioAlghgps3' - DNA
portion, the length of the 5'-RNA portion can be preferably from about 3
to about YO MUA8oti des, nore preferably from about 5 toP&II‘ﬂISDOIZS{lM

nucl eotldes even nore preferabl y from about 7 to about. nucl eoti des,

hout 10 PSUEBT A, 5aaP aleitblices. vib Goronrs xmﬁéb%”ﬁfyéoﬂoeifﬁn{%sfigm
pri mer zng(hﬁ&@bﬁde@g a 5 -RNA portion and a 3'-DNA portion, in which the

5' - RNA portlon is adjacent to the 3'-DNA portion, the 5 -RNA portion can
be at |east -abbhglength of nen-35-DNA pertionlih aconymosite prmer mmpnsmg ﬂp{mti&’l-l m t

of about of .15 7. 18, 20, nucl des, Ien a

i nter venlﬂ 3‘5’?“ At Legst gn %B%&W%%APQW%%PFEW%‘@Y g‘??“tg't‘l DNA
port§ons fudlEARte l?"l’r&lﬂ ﬁ\?c'l]ccﬁﬁ ly from
about 1 %th?})@a%déut 7smeeg%f|8{§g nore pre eragtlrky rom gﬁoutﬁ{f o0 about 6
nucl eot i clexsferahluxlﬁnmbopt&tcealwbtﬁnﬁclomddsomn séin¢ embiditnents omucphmtl des. In
some enbodi ments gf a, £o site conpri,sing 5 - _and 3. rtions
with at |FHR0S T AR M%ﬁﬂﬁgﬁ t%ﬁ‘"‘WF@P&MAﬂBOmﬂ’ﬁ)B‘?‘%'??On can
be at | eapNA éﬂcﬁf%

about any of lﬂbﬁ 7, 1%flﬁalljtca%g%| &p%ig ?}eﬂrll(g&ﬁldey‘glﬂliﬁ{r}?@g\e&tndgam
portion |411}’a)f§08cmré3$1l1§leofpiesner conprising a 3'-DNA portion and at | east

moctRor Faee: rEiRa BRI PRRHork S SmARY pbf ot S #43 an

most pr efI@NAt;ioméertlaMUﬁst oné iht@bﬂﬁﬁg RNNﬁbei%lcQﬁBe mf&aﬁ?%m.m@@went S
of .a conpgs tﬁ EI‘I ey corrpr|3| n portion and at [eéast one

i nt er veni uclentides, morg prof g@b’\f&?ﬁl abouti3a about: i8xucleatidese evan mergst about
oY O o e8ferably RorktubBUS EAGEPs niliédticRD AAARiSst bloflclin0eroBD Ry 20 il >

7, 10 nucleotl es. |In a conposi ‘Mer "Co
_and at | elsnucteotides: tlarsomeiembodinientsoof a mmpdsite bﬁﬁrer catﬁmﬁs'mg Shgnd35Dl\RNA

('t b f er abl bout bout
Pt Sor diont s g IBRR bhe et ihink REIAROrOR e 3N Boroe v br AUSHS ey o,
nore,  pr afbeuediyof I, oSN R0 wiclotides Abian &ﬁgawﬁhﬁef gﬁzrnﬁﬂfoeﬁfqlﬂ 18, om

.about 8 to about 17 nucl eoti des, and 30 t prefer romabout '10 to
about 15 40,22 Bueleetides. | n sone enbodi ments of a. .conposi te pr| mer conpri sing

oo g TR ofioh £« REDINApBRRA S a6 7 RINS " R

. portion qamtida) ink compesiteprimér comprising 3 3’ DNA portion‘and at least one intervening

20 RNA portion can be preferably from about 1 to about 10 nucleotides, more preferably from
-about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides: In
some embodiments of a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion, a non-3’-DNA portion can be at least about any of 1, 3, 5, 7, 10

~ nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides. The length of the

25 3’-DNA portion in a composite primer comprising a 3’-DNA portion and at least one.
intervening RNA portion can be preferably from about 1 to about 20 nucleotidcs, 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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7, 8, 10 nucleotides, with an upper limt of about any of 15, 17, 18, 20
nucl eotides. The length of the 3"-DNA portion in a conposite priner
conprising a 3'-DNA portion and an RNA portion can be pref&tadbéyiifrom
about 1 th??ﬂﬂ%s 0, nore preferably 5 from about 3 to about 18, even nore
preferably fromabout 5 to about 15, and nost preferably fPERUSNESI47 to
about 12 nucl eotides. In sone enbodi nents of a.conposite prinmer conprising

a 3' - DNA padérstood et e 1 aTal - portion,can . be at . | east

about any of 1, 3, 5; 7, 10 i}r?gc ée?i}fogggf&n%"f%oﬁﬁﬁgorll%ﬁ?swmgﬂﬁﬁt any

of 10, 12undes the regctianoconditions of thetrhethsds dfihiEhevehagt h gf the 3'-DNA portion

In a conposite |Ler _conpri Si '-RNA, -portion and a 3'-DNA portion

can be 'glroef.erag%dx??gl&gg‘ﬁgﬁf‘ 1&(?&%8&%‘?&@%06&9@%@@1“@ ebabl y

f r om-abouingdt ilevkde of {1 e | : .y Jy € ably fromabout 5 to

about. 15 nucl eoti des, an most q%?%ﬁgfagi y@%m&g&%?ép?gyo%oﬁwws&e

nucl ot i dPEmer inclndas the st umletﬂidr?fofahc:mﬁmasimem@[- Eﬁbédigﬁﬁﬁt ﬂ;lgi:;ng{)mqﬁ' - RNA
ti «- DNA partiopon, .1 3' . DNA ti t t t

by of 1. Partasdes SSingBlc oritc igludesghe & mesiupgisntide ofhe pomeabinathany of - 10,

12, 15, 18mbddimeri, the S IINA : : ' tS if A d . GONPOSi.t r i Jreyr,

conpri si_ngma S _e RNA pormﬁq’gﬁt_g)daﬂfa%g lt%@%t?éﬁ%?ﬂﬁf%&“%ﬁﬁﬂ&%‘?% :

non- 3' - DNIROsiIruclegtide pf the priover §andiihe SHRNA ?ﬁnﬁﬁﬂn&ﬁﬂw'ﬂi@f’%aalnm[&émoqbout 1

t o about ﬁx%p'?ﬁ&% otides, nore preferably fromabout 2 to about 8 20
nucl eoti des,” and nost preferably fromabout 3 to about 6 nucleotides: In

sond0 enbodi neThstord] lengtiooP®e ichRipBSited fﬁ-im@&qg%z b v ' nd a
3' DNA po@]h\%_’@g%ﬁ furt heg(rtpco rigllpﬁ{';l non-3' - %&%@gﬁ?%%ﬁﬁgﬁbg& -

‘portion c '

des quere grrfemblyrfromabout 150 about3Omucleotidésyland mobtipicforablypper
limt of : f . cl eotides. I n embodi pents of a
conposi tfﬁ‘?%@oﬁﬁr"? ls'tl %gmy?@ %@'{&H"i feents, QWEE can beatleashn i n
whi ch_t healsut myrofidd); 15,20, 28 naclieatidus] with ah igpet TmiY bRkt hiyfof 39180, 40086 h Of
the 3 % %&i Oﬂ_.can be tel__{‘aer aﬁl fromabout 1 to about 20 nucleoti des;
nmor e prefera%y °f d%“ﬁ%%ﬁ?g% bhg ¢an bpgreator ordess, asappropriateundeether abl y
froﬁabom&idnwoﬁbm&s&ﬁthcﬂi&ﬁ@dgtdf%ﬁﬁgwgﬂﬁlm{mst preferably fromabout 7 to
"'enno

about 12 nuclegtides. In certain I ments of the prinmer conprising a
5' - RNA porti onT%:du@veshybmm (Witich,ias iswvelt kn@On tuicuriderdfid Bothé N i's
ad] acent Aol o AR, bl M D hnd oS, beesita” o
 primers for use in the methods and compositions of the present invention are preferably of
ét‘-léast about 60%, miore’ preferably at least about'75%, even'more preferably at least about
20 '90%, and most preferably at least about 95% complementarity to the target riucleic acid.
The individual DNA and RNA portions of the composite primers are preferably of at least
‘dbout 60%, more preferably-at least about 75%, even more preferably at least about 90%
- and most preferably at least about 95% complementarity to the target nucleic acid. =
As described herein, one or more composite primers may be used in an
25 - amplification reaction.

A polynucleotide comprising a termination polynucleotide sequence

| ' In'some embodiments of the methods of the present invention, especially if

transcription-based amplification is used, a polynucleotide comprising a termination
30 sequence is included, examples of which are provided below.
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about any of. 1, 3, 5, 7, 10 nucleotides, with an upper limt of about any
of 10, 12, 15, 18, 20, 22 nucleotides. The length of a nqw? DNA portion
inacom%ﬁlte rlner conprising 5 - and 3'- DNA portions lHizﬂfﬁleast one
interveni é ortlon can be preferably from about 1. t®CT&SeaRsU4 10

nucl eoti des, nore preferably fromabout 2 to about 8 nucleotides, and nost

preferablgyémf wg} Q@hgobnhgegﬁc?i%t 6 'nucleotides. In some enbodi ments of a

pri mer I‘ISI ng portions-wi'th at 1-east one interveni ng

RNA port i o n, @& second Sligonudhédtide tidt ein 6&isclbn e gk@ﬁﬁ?m@&?@%ﬂ@@%ﬂg 1, 2. 3

.5 nucl eotldes with an upper limt of about
nucl eot i AR¥entigRyis a termmation §W§€*h0b$0nmboﬁde (189)pdn bhoembodimenythe@SQ e pri mer

porti on dhetigs e dnatioh Sudithte itandiner g ea“ﬂ% Rustiogias s mor o
prefSerabltgmﬁmanimabqubhc@aﬁdJ @bm&a&ﬁdmﬁ#o&q ce. CVEN ”Dre preferably from

about 5 to about (15 nucl eoti des st pr erabl y fromabout 7 to about
1.2 nucl eot i d@@wqwlxmn%mphm@memmnwematmmmpr| sing 5'-

and 3'- h I ast one .j nter\vén ortion, .the

3' -DNA porpion cggé 8@%%%@5’? S EnsentAionof this °i33 q\IA" o duet inhibitionjes |
with an ofhybridizatioh of theadeoond theSecdmdt J des.
The | engt g: a non,. . 3' -DNA pgﬁ%?ﬁg‘r?fr(l hgi:ﬁ%’éag%? Pgﬁa%fﬂgér:b&ﬁan t he

3'-DNA - ﬂ&ﬁe‘hﬁd&@é@é@m Bﬂbmmglconmerw@samcmdpofﬂwon and at

| eggt on 0] be. about - 1 to

abagt | ﬁ‘“ﬁ*‘“?‘ﬁ%ft‘?%é%%?%ﬁ%ﬁgﬂi% Rrab 0 prctinably Ot Rbed e g eot des,

and nost T‘Sﬂaﬁbﬁ&dml;htcfsmmh@hguhu&edtm%b@bé uday éﬁ%eéiﬁratl?ﬁ'forsomé 1 enst
- ortion and a east .

erbodi rrents a c slte(S}?Fr |S|ng a

one int &M ﬁﬂ&lg tp mmclptmqr@nncahx&feammsm about

any of 1 fﬁi 511 bridith | aﬁﬁc of 6,

8, 10, 15 nlljc(‘:ll e%t [ desuoa'll#ﬁéﬁélj%llrllgt l%aﬁoﬁ%H%?W#??%ﬁ%?%&%%%osi te
pri mer cofibeitd NWQWMWMMMQ&rM&mwaﬁdeWWN

t t 20 t d
Pos, o0 FATGOE REGNEL 8P tnfs SR ANGY emicicol iriization,d e Soplacsigietan y 1 rom
about 5. bncnmhnptbdd& {0t temaiemwmlgmaacw&fts T@x%XsuﬁM@ﬁPﬂUWA to

about 12-nucl eotides. | n sone enbodiments of a conposite priner conprising

a 3 - Wfaéﬁaéﬁﬂs"&tb@east one 30, intervening RNA portion, the 3'-DNA
portlon canb t 1Q . . nucl otldes wth an .
upper it ofg ‘g%)out fﬁqﬁ%ﬁeﬂéﬁ%ﬂ%&%%}gﬁqggmqq is 29

. 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. descnbed
in Patcl et al,, Proc. Nat’l Acad. Sci. USA 1996, 93: 12069-2974. . _.

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

25 portion of the TSO (“termination site™). . :

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

30 extended into the portion of the target nucleic acid that is hybridized to.the TSO (through
displacement of the hybridized portion of the TSO), the 3’ end of the primer extension
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WO 01/ 20035 31 AUG 2005 PCT/ USO0/ 25104 understood that the I engths for the
various portions can be' greater or |ess, as appropriate under the
reaction conditions of the nethods of this invention. In s%fe @T@@?I nment s,
the 5 n@(amqoggt of a conposite primer includes the 5'- tl\ eoti de
of the pri sone enbodi nents, the 5 -RNA portion of BCTUSfNGSIOIe 5
primer includes the 5 nost nucleotide of the priner. In other enbodi nents,

‘the 3'- ' : | DL i ngl ydes. the 3. .npst .nucl eoti de of
Lhe pri ootk WoNld SorritORROOH beuBide TRl R R3S T bompRmeRRRLOH: Lo t ho
5' - RNA porsequsncaindhe segimedesf thed'So) 1mﬁ&§&tcl}%}a€9&t't9%eﬂhn&tt& &M&ﬁ%e( and the

5' nost nucl eotide of e priner)

5' - RNA port onl cl,ude
total | en %@'t?&ﬁﬁi}eﬁt@dmowo £ the TSO. pFkis éncadsises the efficidnoyiof 10 to

about 40 out 15 to about ,30

nucl got i deésmﬂgtﬁ:#gg?ggﬂ er agﬁ&ﬁgﬁt’&‘%@ﬁ& S BrimsT SERHOmErodet Mobld des.
In sé@ne esvudh tocthe TSOtthid ﬁtmt&aqam Re. athellGaat 15, 20,
25 nucl eotides, with_ a B :é'@!ﬂj imt of abgdt ang/f% Qg%%gémlﬂg% é%y

nucl eot i dEIUCPEESISPrg ahays 8 te akout 30 \gudieatides, bnorgtpeefemblycﬁ'onhd&tﬁusas
appropri atgabéut dietions o s of this
i Ir[t)\lc/)enltol ont@To agshlll%é\?/ée‘otﬁé% ?!géigtt ﬁgﬁ"’%frgﬂ‘ q’&&‘%?%“ﬁ{l !Qﬁﬂ Iasemest ood
in the ar embodiawetsclength i lsaﬁeasthmtt@hjioﬁu(?»hsaﬁ 1ofd%1e%ﬁaé§)k-@m ah Yfibés 17t enat N
and terrperftébqug%l1 ‘ﬁgrapré priners for use in the netho
conposi ti 9 @n? mHleotidesn Itds underssoast thint Qtetdngdmanlbe:gsdatabout
60%10nor elesp s h ?M{‘%: 0 .era at | east
abo?tt 20 ;3&; a%alﬁ?st%a%?ée?%érab “ﬁ‘%‘{q‘%gy‘g‘gﬂtmﬁ’g%%ﬁ%"é rity to the
~ target nucl ei c%wmemmd&nmmeaummwﬁadsel%mmse?q@actﬁ(n&eg@ﬁaos. te -
rimers as out 60% nore_ prefera at | east
gbout 75%ﬁg gﬁI %?E’d p%}%q %gﬁlglfeg?g){fjgmﬂﬁan@gou Eﬁﬁ!mﬁéglpr%meteepfam y at’
| east abO%ﬂRBWﬂW%ﬁéthﬁ&nﬁbﬂh&@BWoﬂ&S&r@uﬁn%ﬁ% fifigifo PCd
In an anp

herei n, aone or e conposite prinmers ma use I'Cation
reacti on. seﬂ“ﬁtfffﬁéjtq ProYidg @ preweter tamplate. i;eﬂmmwnemoﬂwwmbdede sequence

In gpne achcRite ™o ad: the ent Jdnventi on especially if
transcri Sﬁqon based anp%gl‘gl cat%r‘lla% gsie "’31 0, Q} & RIPRIGMOLE % sing a

t er i nat | @gnerally malanemmyammpmbﬁﬂnomneéopﬁw%ﬁlﬁt@rﬁoﬁ%%@w bel ow.
: primer extension product. Subsequent hybridization of a TSO comprising a propromoter
- sequence thatis hybridizable to the propromoter sequence of the primer extension product
results in formation of a doublé stranded promoter capable of effecting transcription bya
: 20 ‘suitable RNA polymerase. Promoter sequences that allow transcription ‘of a‘template DNA
are kniown 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 sélection, i.c., 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 dcpendent RNA
polymerase and SP6 are known in the art. The promoter sequence can be from a
- prokaryotic or eukaryotic source.
' * In one embodimerit, 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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30 31 AUG 2005 WD 01120035 PCT/ US00/ 25101 Tenpl ate switch ol i gonucl eoti de
A second ol i gonucl eotide that can be used in. the anplifi gthugry t hods of
the i nvq&biogﬁ ig a termnation switch oligonucleotide ('I'"SO. I'n one
enbodi men ¥W33so functions as a termination sequence. PCW@W%M
enbodi ment, the TSO functions as a 5 term nation sequence and provides a

propromtta{ns@qﬂ%ﬁ _ ation ase on

tenplate switch glfa:éggﬁjgﬁ/%gkiﬁ %&ﬁ%@g&ﬁ@? l\aﬁ'st% 8%82‘(?&?%{3

this ol i geauraceistgrenterdhan fromiayitbhiotdraliat i®hotysNinked. Zdeisequenibe ieﬁﬁlr&ﬂéﬂ@d
bridi zation step of the same priner

rimer, cond, h
ﬁet hod .35&%@1@%3@% &gi‘ pfegengrally kgowngin ithecart agprevieusly ztcs@nhed fmranmis t he,

descr| bec naopdidtat RRA flhthaSes blthalih B ek, 33??«86%%4589( W be
used at hi gh dorgesfemred émbodifnent, a sethédtiofdlid PhorGaPsdhe %)‘Ib i fngods of
ridl?

t|on of

t he presenh :gventlotg%t tF} csl feature ensures .  efficient
the ol i g&BHE ch g Fﬁ?@é@fggt)ﬂh#dlybadaesmqtmatc mm: iigatthchad t he

tri nol egytiR tem Al Sedt SI on a | at e
switch. An 15 aggﬁ@gﬁ %h Brat |ﬂg )Fgé Eié ﬁ#ﬁﬁ%

hybri di z@nmcmfcnsw:elsctubﬂaxamﬂg, orrut leWse suffieishtBy) ShIBited. (Biﬁ'ﬁblctrﬁ’cth% fHenpl at e
switch oli onucl egtldeliugto f a substrate for the RNA polynerase, as.

descri be& RYIREEY Rehniquss knewn ithe atbsuctiias bsing arcltosinear get

o ??ff’%ﬁﬁ? ot gﬁﬁ@ﬁ%&%“’f‘ﬂw oo Hpbdh Fitbad ot dloc 1 oot
st ralnd s Frece NatlsAgadofiai. USA 1999, 86(7): 3§13>-|8),md\16¢kcdﬂﬁ@l\ﬁc%ﬁis)(dcscﬁ&é@@'gbed in
Patel . ef

1996, 93:29. 69-2974. Th
porti on. %y %Ft;aggl?.foorg M¢%@é?g§§\b@aﬂlgﬂ%m‘io Weltestediet al -gn or
regi on i Rroct Natlt Acqd. 8ticUSal 200009 RQ0): 863 3-8t Odhsr leSHER ﬂic 8e %3 end

of the priner exte_n5|on product prior to swtching tenpla
t enpl at e“ﬁ’ﬁ PO3ES, SRqueRres Methmin GGiconsent aadlopomss-hnkmE mhgo'fﬂ@sc

br EEQ?CQW?%?@“‘"%%%%P%m oy Bt bARAISHLOA bRl eeR ESSmi’%t 5
i mredi at Blispl@emenibflhe TSOuhmbjstanuall)O& suffiéiéRB inhitited Yiothe Sb%ﬂ:
aory " e B A 6 sl e%@mmm&xbﬂdmgm%mﬂ“ or
product 1I‘SO in at least about 25%, preferably at least about 50%, more preferably at least about.
' 75%, and most preferably at least about 90%, of the events of primer extension, . . ...,
20 _ Spbstantxally or sufficiently inhibited TSO dlsplaccment can also be empirically mdxcated
if the amplification methods lead to a sausfactory result in terms of amount of the desired
product. Generally, under a.given set of. conditions, the “modified” TSO binds mérg ﬁghtly
to template as compared to a TSO not so modified. .
The length of the TSO portion that hybndxzcs to the target nucleic acid strand is
25  preferably from about 15 to S0 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. Tﬁe
30 complementgrity qf 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 prefcmbiy at

33



30 extended into the portion of the target nucleic acid that is hybridized
to the TSO (through displacenent of the hybridized portion of the TSO,
the 3' end of the priner extension . 31 WD 01/20035 31 AUG 3QO&)G 2005

PCT/ USO0/ R%d.0opssoduct woul d conprise a short sequence that can.bind to its
conpl ementary short sequence in the segnent of the TSO i nheHSR0E51M

adj acent to the junction between the hybridized and non-hybridized .
portions dastabeutiZ®s, ddinsost proferablysat 16i8t #dut 90%[‘@“39&@&&’3113&5? %ﬁt‘%hl ng
by mcreagbﬁ%the ‘ﬁ)r?babl.llty that the prinmer extension produc u 5
switch t o PR WY Ruglficagds i on as a tenplate. The length of the short

conpl enentary  sequences is preferably from about 3 to about 20

nucl eoti des, nore preferably fromabout 5 to about 15 nucl eoti des, and
nost pr ef Blagkenseguenzeabout 7 to about 10 nucl eotides. In sone :
-enbgdi ment s, ken th is at |east about any of -1, 3, 5, 7, 10 nucl eoti des,
wi than upper 1%5¢Re ergbodiments, the pripter extensibn te2Mination saqubseetis BRvidedtbyias
under st 00Bjotké@tsedudficd. ETiH reater .or 10 |l.ess, as appropriate under
t he reactnli)én Cq(l)g itﬂ?%ns olp é%e2 %%%QWIYWC@‘H%%WUmW eone

enbodi nenpelyna ﬁﬂb,thﬂrikkingld&fahﬂ@lm.?m&& &n rfci(ﬁ | nafter

" propronop &EO. quenc[%'l']}g, that is desiéne for ?ﬁum%ﬁ%gggﬁa o&’g’e
strande_d'fg) Eﬁ%ﬁ%wl{}p Plapiuie g Segmentof targatiusleirdridisequerices® of the pobitioh woul d
function imhhta?g?et wRhéd | 3 ence ang t ovi,de a prqnoter
tenplate. In t.hl_sgcé(.intzodimrrgttnlth_, tﬁ@%’?‘%ﬂ%{w r°‘.‘L§° @&B@W&%‘F“%‘%Pméwtserves
as (l)t en tarmiration sm%r'ﬁbcbtqcltm oinpiisps ﬁméumf ' tﬁﬂmg?ggledlﬂﬁtg w%gag@[e%t do¥ ]
conmpl ement &, ¥n hffink o REQR, O r seguence o e-. tenplate TS Into the
priner exten)shllon p'pb?fg: : "Sgg‘éékﬁ@mq?wshﬂwﬂmbl@qkmmemwmri sing a

pr opr onotdisplaccagueby PNASélyinerddy bt i % : romot er .sequence of «
the priner. e ten?@,‘?n. prog%():'{n% resul ts&lﬂr]yeggbﬁ%{c?gﬁ%ﬁ&a'%{?&%ﬁ% ded
pr onot er g‘?ﬂ“& * Boregrefemply mone thanmbout 5094, eveMord prefopility B¥Pe than

pol ymer asshoufr U, . al l,ow nscrjption of .a tenplate DNA
are. knom%iog‘:zsﬁe’ ar t‘fl&gg&g&r}%ﬁigﬁ%m&fb‘%}&%ﬂ? GrensignRVenss.t ey

o d o The g I, ORI cHife BB bl o 2
dependeniiUeatidgsomprrprafeebiy frogRtboat & t&alsom 25 AuélBeidas, leved Bord pRIZAEY
~sequence g alsat 8t béht 20 nucleotides, and most preferably from about 10 to about 15
20 nucleotides. In other embodimcnt’s, the blocker polynucleotide is at least about any of the
following: 3, §, 8, 10, 15; and less than about any of the following: 20, 25, 30, 35. Itis
' | understood that the length can be greater or léss as appropriate under the reaction
conditions qf the methods of this invention. The complementarity of the blocker
. polynucleotide is preferably at least about 25%, more preferably at least about 50%, even
2‘5 more preferably at least about 75%, and most preferably at least abouf 90%, to its intended
binding sequence on the target nucleic acid. ' |

| In one embodiment, the blocker sequence comprises a segment that hybridizes o
the target DNA is attached to the target DNA such that displacement of the blocker
sequence by the polymerase that effects" primer extension is substantially, or at least

30 - sufficiently, inhibited. Suitable means for achieving such attachment and determining
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. prokaryotic or eukaryotic source. In one enbodi nent, the pronoter sequence
is adjacent to a sequence that is designed to provide for jankignggd, or
nore opt iwBloydr@nscri ption by the RNA pol ynerase 30 used.- |n sone
enbodi nent 9- “eha sequence is not related (i.e., it does nBETUSHASIMt i ally
hybridi ze) to the target nucleic acid. More optimal transcription occurs

unen 32 Subshifal 2SNl RBNGR FTTOMRANLASIO, HBRREL AR RIS Y] Y ©f

t he pol yrrtﬁéase from a pronoter that I's opera
sequence ﬁl{-"lﬁ’éﬁﬁelﬂtrlamttiloprormt er that is not so linked. The

bly k th

Z??”SQCEQS?&}‘S‘W%‘?&?&%@&% ofigcloilc @BefidantioR et peRiBces,
h %o 4 d
e M A B o K,
3' porti dphibtied) Wnumegégr blocking Qmmmérﬁhndué)hrof fiteﬂﬂ&cﬁeﬁpb?ﬁuﬂwﬁ_?ggtg DNﬁ
tt t hat t t t

pol §ne?§§§é‘t'%°tt9’Yt‘F$‘@5??B i %@W&?gﬂeﬁt@eéf@@ﬁ:ﬁﬁ&m& bRADMA | cast
suf fi ci erpolynerasehiSath ﬁiéhm%ﬁ@kﬁoﬂﬁ‘irﬁ‘ﬂﬁ Hiclud Vekﬂﬂyfe“&ﬁ:s &@E rent

~includes tegchni ques knomn in the art, suc 0S1ne nalog
t hat contpgdiicatiomof the huémbglpup,e)mmbrpomtitbnmmdéﬁiedlnheﬁoudb ‘Richnggan et

| SA 1999, 9 d | ocked nucl
aci s ( ooneorikleouBETh et ontpoeitpn af we bisdior o m«siwt@%@mtisﬁqq?ca&”&gg' ’

8( 1) : 22wma~monagdddtﬂbtesamléotmesaywmgegm Acad. Sci. USA
2000, 97(1Q : 5631-8). QO her sui table neth 1 ncl ude usi ng, where

appropriate, sequences with a-high GC content and/or cross-li.nki ng ~ Any of

t hese 15%@1&@&,&%@%5 & C attach l ﬁ be ussd lace({te or in

‘conbi nat

suf fi ci eprimgr extendion pradudt t he pol yrrerase switches tenplate fromthe target
TSO in at | east

‘nucl ei c acid g o the u Ml zed ortlon of the
about 25% - pre%‘?&ﬂt@dﬁ? é Ipptidecamprisifizs propyometer andax  about .
75% andrﬁyimiwﬁbhh?bﬁdihé&tafadx M%&&Qﬁ{?? énl'otgﬁﬁ T ﬁj"?g%‘k%o

extension. , . ....... 20 Substantially or s
i spl ac eﬂ&rwlﬁwﬁlean%wmm¢mw mpliopednsuler scﬁuédce, anditdubiedaboed

et hods 1,£54l f result in terns of of the desired
‘pr oduct . Genceéa? %é\ etﬁgé‘%g ?ltcgﬁluﬁq d%?fﬂ?@%’é‘a#ﬁé asdegeabedd TSO
-bi nds m)bdpwtlghtly to tenplate as conpared to a TSO not so nodifi ed.

The length of the TSO portlon t hat ‘hybridizes to the target nucl ei'¢” aci d

strgnd

}’?opramoter template oltgonucleot:de
. In some cmbodunents the methods employ a promotcr sequence for transcnptlon
wluch is prowded by a propromoter templatc ohgonucleondc (PTO). _
B A PTO for use in the mcthods and compositions of the present mvcntlon is a smglc-
stranded polynucleotxde, generally DNA, comprising a propromotcr sequcncc that is
25 desngned for formation of a ds promoter of an RNA polymerasc, and a portion capable.of
hybndlzmg to the 3’ end of the primer cxtensnon product. Ina prcferred cmbodlment the
propromoter sequence is located in the 5’ portion of the oligonucleotide and thc hybrtdtzmg
_ Sequence is located in the 3 portion of the ohgonucleotldc In one cmbodxment, and most
typically, thc promoter and hybndtzmg sequences are dtﬁ‘erent sequences. In anothcr
30 embodlment, the promoter and hybndtzmg sequences overlap in sequence 1dent1ty In yct
another embodiment, the promoter and hybridizing sequences are the same sequence, and
thus are in the same location on the PTO. In the embodiments wherein hybridization of the
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25 preferably fromabout. 15 to 50 nucl eotides, nore preferably from about
20. to 45 nucleotides, and nost preferably fromabout 25 to 40

nucl eotides. In other. enbodinments, the length is at |east] hbdlii0)sny of
the foll oWigwghoeky. 15, 20, 25, 30; and |ess.than about an f. the
foll owi ng: 35, 40, 45, 50, 55. It is understood that the ?"Eﬁg'{sﬁ‘"éiﬂ‘ be
greater or less, as appropriate under the reaction conditions of the

net hods - oPTONe theiprinsertextension PRRINSOresANPInA® Q "doinprisinglai v b0fqt hat
hybridi zes.t o iBe t ay get nugﬁei o af:i d .stnr an 1“?‘3"&‘\68?%' tea?g)glaégé?&péegs{hdabout
25% nor e"%‘i‘%#’ ébwf%% notdybridigs do thesdisplacedgrimen extepsien produtty typicaBg 31 AUG
2005 WO ?%50-1 .04 ast abo %, and .preferably at

| east abo&u}%ﬂ%gﬁ; tg%“ﬁ%%ﬁ@@?‘ﬁ"ﬁﬁf%e%gMWIWW@@E&&O‘%&@&i c
aci d. Bl olceeatesedoubie sirandedpaonittecedpasi inb G ndH teensy
teFLrEénatio sequence i s progi dedcby a °ﬁ§§§°§r§sequ§ﬁ§§f‘bﬁeﬁ[}@3§3§ﬁ
sequence PEYBEEH - ynucl eotide, usually a synthetic polynucleotide, that is

i ngl t d ' : t hat. i. bridi zabl e, f bl
consl ront ary.* o0l SReR o WIRR SR  Gotlodiof o EmBe e koowa o Gmart
posi t i on -andthavébeenadigutsed atioes) CRrefdiably, the Pfdﬂ%@ér%%@é éeﬁcfeiaq&é'rov?d%d of

t he priner .exaﬁ]e_nsi on .product 10r‘é;ter_m nation sit . The Dbl ocker conprises
nucl eot i f¥mah frpnseriptionad agtivityt ofithe pantigulae RN Aspil yinerasd iisedn Caftérianot yuch

r ef er ablgé1edtidH fhadtfal —— t he bl ocker seguence resi

gi's I acérréélnefau&l}iig%[\&lpo| 9%}‘6? I se Prnéétaﬂ n%méxp b‘quﬁ‘ng @Pﬁ’é’r‘l’é‘fabﬁ,i‘ﬁr n
pr e¥@r ablpplymerese, istdso kaiowmt in Iart "BocepnRE; titteyudiRESof the prahstils 0% even
nor e preflﬁrgbl ¥i m[%r ﬁj@ﬁﬂ labo tntm .aln nost ‘gr ef erabl y nore than about
gIO(c))/(z:kg]; pj) ? o 5@' -Beﬁloﬂ.{:b- dwﬁ;bm iy ﬁywm?:r;m?oﬁtsvﬁific‘
hybri di zg?i%gwfg@gv%i (?35 under lﬁe corﬁ%i%?%%lﬁéfoggigﬁ%ehet hods - of tﬁe
present i nvedlsme embediments; thedIT® kemptisslaaintaakying cbarhbelbetiveems ef er abl y

from aboWroitodaBe Qnqanucl eot i de re.preferably fromabout '5 to
about 25#?%? .ltggttc? es, n%vaé’ﬁqr%o oﬁ%agica‘gﬁ? g"&?&&‘% egdof thepsimero
nuclieot i eatepsiengrodust Suitableerpty of the@bRuing sqleAcdBfille empigidalj'c! eot i des.
| n ot her ‘%J[Tbodi ntds , %Q%PI oc ke‘rqd‘o_ol_ ynucl eotide is at |east about any of
the foll ﬁ“ﬁ-{j“"qz*’“ ian ge ahleast abaptil, 20456,80 40 12pbunucientides. Shigatklol | owi ng:
20, 25, uedd idbhtity of the THR B%dsgh aLhe L h can,be greater qr. |ess as
appropri gtg% under tfze reaction o g?é?@%@“%?%'ﬁ@*’%ﬁ%?ﬁ‘%&?“{"&@% the
i nvent i 0fequRRes is designcdotprefetablyy but it ebessatily, enhance degree of amplification as
compared to omission of the sequence. In one embodiment, the intervening sequence is a
20 sequence that is designgd 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 polymerasc froma promoter that is operatively linked to said
Sequence is greater than from a promoter that is not so linked. The sequence réquiremcnts
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 notbe
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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pol ynucl eotide is preferably at |east about 25% nore preferably at | east
about 50% even 25 nore preferably at | east about 75% and gloﬁ@r &ff erably
at | east ‘gﬁo% Qg% to its intended binding sequence on tl‘a @ nucl ei ¢
acid. In 12053 di ment, the bl ocker sequence conprises aPECEJIS002510Nnat
hybridizes to the target DNA is attached to the target DNA such that

di spl acenent of, . ce t he [ ) rase that, effects priner
extension is .subin!tg(%ni i a| | y,t’ t(l)x??aik‘f %&g?@ﬁ%&ﬁpéﬁgﬁﬁ@p@m#mq&?amd

Sui t abl e extensiont diechmihiefonbloskia ﬂ@é.ﬁ:%ﬁbf@ﬁhﬁ&f@hﬁ@ﬁb%&lhd%n?ﬁhﬁ 1 AUG
2005 WO Oll%gg%’ﬁ .PCTLUSQO/ 25104 substantial, or sufficient, {nhibition of

di spl acer®RYe Yen ghaydieatidgs (o 3’ erd ofitbePT by 2 PNA pelymetaso dBuchf t he

t o | ' I he bl ock . | i d t
Punct i on o giedSeq LiuRs IR TGkt fol Eropile el Bign pamoffiestion of e
ext ehsi o® fhydroxyhgronp perdacorparatieneta hfodifRiURRIEotQE, su'f_h és’yui@égg(?ﬂucieotide

Techni ques bl ocki ng the priner function of the bl ocker ynucl ect i de

b

f of,
i ncl ude &H&he? i aPOfim@%p of thei FTQ thas is mnt chpatié ofancheringwldilonef ducléotides

R il ST
glr ggg;(yﬁll?(lzT eoﬁ?ﬁﬁzgﬂgﬁ%@fggw&??ggﬁd g.ﬂoé\a%?lbgdgwgf Sol ynu'c'l eoti de

that is not.c fPogtirmefrthe FTOAbat hybodizes tathe isplaceligrithgr a  DNA

ol ra ' [ Si rQ ter and a reqio i ch
PybiT Gl 5 cnen Ao BT PR préfErab B om0k SRRl ATl o S afout R o v oy
a pol ynu@bewtlilde abows0 mictegtides) evqrr mor refordblly frodtaboad] 910 abbitas hybri di zes
toa dis riner _extension,product. In sone enbodi nents, the
pol ynucl 2’ g?@%@#s@’?%%%ﬁ?@h&%&!‘ﬁgﬂg 20 tor39nuslestides. dn serpembodimentsscussed
-above. e tbridiziegpertion s i ' in a
BT, s, oot back Potolleast Mo SAPLOE Mo £ 30 0y 5, S AR I e ", |
some enb8BPHERY of thefollawings 30, 49:50,050. Ther comytlemersmityef de Hybridizingpoetidnot i on

whi gh is.ispﬁt@ﬁérﬁjcﬁ' ﬁpégg ) er t )| at e.ol i qonu otide (PTO.. A PTO
for use in the rfgta 0 s-agdr;]‘g@éo- &P@g@h&ﬁgﬁét%%gﬁ’qvﬂ_ﬁ?&?%}my
single- at least about 75%, and most preferably at least about 90%, to its intended binding -

- . sequence on the target nucleic acid.

DNA polymerase, ribonuclease and RNA polymerase - - el e
20 . Theamplification methods of the invention employs the following pnzymcé: a DNA
- polymerase, ribonuclease such as RN_ase.H, and, optionally a 'DNA_ dependent RNA |
polymerase.. _ :
- DNA polymerases for use in the methods and compositions..:)f 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
" anucleic acid primer along a nucleic acid template that is comprised at least predominén,tly
of deoxynucleotides. The polymerase should be able to displace a nucleic acid strand from
- the polynucleoiidc to which the displaced strand is bound, and, generally, the more strand
displacement capability the polymerase exhibits (i.e., compared to other i)qume_:a_ses 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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stranded pol ynucl eoti de, generally DNA, conprising a propronoter sequence
that is 25 designed for formation of a ds pronoter of an RNA pol ynerase,
and a portion capable of hybridizing to the 3 end of the @ iﬂEr t ensi on
product . hﬁ? referred enbodi ment, the propronoter sequen ated in
the 5' po %35 t he ollgonucleotlde and the hybridi zi ng PCTPOS00ASH4 | S
located in the 3" portion of the oligonucleotide. In one embodi nent, and

nost typ ridizi ng sequences are di fferent
sequencesh&?énbé%lgtsﬁgn&)ﬁggk@gﬂqﬂfepwﬁ Pé?noéﬁﬁﬁsﬁ?tfpbwlﬂhglckmguences

over | ap_ | activiigu Sreferablig ticipolsmdrilet Lt 6 RS RO IRALe odiilfly B5 981 €7 and
hybri di mgﬂlw‘%u nces are the same sequence, and us are

| ocati on dation ¢ " Mnmhbnomanﬁtmbmwnlp&lmle@ﬂd@f thg 35 31
AUG 2005 S00/.25104, PTO to the prinmer extension product
resul ts .%’9’*%5?@?%5%% %ﬁ SFerRdsag op factors suchag pHosalt epscentativhat
doesSnot Wﬁhcdhe&mﬂa&r@ddib&@u%ﬁé‘éh&@x@ésequeﬁc g°?j§5ﬁ‘d§§t§ﬁé¥ cal ly

conprisin or part of the prOpronot Ctills
in the o 4o opg skifledindheartioMitant N A pobyinqrasesint which @ad/la’of  ef f ect i ng

t 5. pol Pr onot that allow
1 anccr | RRoffcibse Gofih Pt bEed Yeletz o6 Kk inhe B 23 e sutabngrdocen .
di sCusse&mﬂfmﬂo@hﬁﬂﬁdﬁb&nmﬂhomiﬁﬁlcmgﬁpgﬁwﬁ%xéﬁ%%% d‘_g eﬁg@é' de

opti mal tqngnscrl tional act|V|ty of the partic
Criteria tionyplthe prspent an@nﬂolalmhxdclthosbdlsclwahinﬂe.S BaNesce

I | Kk _
Phe art. CRAv2LPHR PR4312 Jua, %‘é‘ﬁaégx'z)f o, ey Bt Bidiags ,qugaﬁgm{}&“tf'oh”by
T7 DNA débbwdﬁlﬁlarﬂ\ﬂwinblsyﬂsr(ﬁ or euka%ry&?eﬂao ei), Béh (ol r?ts Bficing" OMOL er

cmhoai oAt TROFEIG prﬁ%é"“ frosriberimmebockcr

propronouhénmbgmmw RiPpe i di.z to.the 3" end of
the prinmer .15 extensjon prloduct t El Afédg% d‘?l#égﬁ SRERSr &ty
sequence Pé%"d‘cb‘eﬁ'@ﬁﬁh? tewlatanmeam mah; least dbdm 25%E nivke b&l’&r&b@l&@l&stl 2314,

6, B 10abddt 5H9% ! np&% U|table identjty of the intervening
sequence can a/g’o ¥§t 8??1‘1“%3 °»a% B‘°§‘H§° °§9§d|hétrlé§tﬁhol!!e5| gned

to pref e, yf_tlbuhcndaiccmfeamlbbtwbeu Qs gﬁg)}efgjlé?ﬁ jpn-as
conpar ed gdo am S?ptglg 31‘@ the sequence In one e I nent ervent ng
sequenceXic8sign p embedimentse thegrse of ﬁnrmoamhldBNﬁopolgﬂiames?ﬁthor

‘nmor e opt isidd displacktidnt Qéd\‘?t? iOpreldlfed. Such polymerases are known in the art, such as
~ described in U.S. Pat. No. 5744312 (and refererices cited therem) Preferably, the DNA-
20 “polymerase has little to no proofreading activity. - .’ :

' The ribonucleasé 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 hucleotides
aejacent to the ribonicleotide 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 ot 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 'seqﬁence provided by the
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RNA pol ynerase used. Cenerally, the sequence is not related (i.e., it does
not substantially hybridize) to the target nucleic acid. Ng)[aug)p,;,,é‘nal
transcription occurs when transcriptional activity of the polynerase from
a pronot S¥YOPHA3% s operatively linked to said sequence i BCHUSEN5104t han
froma pronoter that is not so linked. The sequence requirenents 25 for

I mal +ati I ' h I
doscr bec SO FE L as s HERRL Temtrathilicsbilopolntinese Ko lhVA 08Pt pac
Nos. 576@dhanenst, Mhkchlid pref@bly capiblebFRarieribi iffoh?ﬁ&ihé’lc@ﬁ%ﬁdeﬁiﬁﬁﬁ- In

anot her enbodi nent, the PTO conprises a sequehce that~is to the
pr opr onottepplateseleng as the peomoteryegionds dowhle ssaledddi t i onal nucl eot i des

(which may or e transcriptional regulato seguence | ocat ed
5 to the pr op%gfe)a?’ @%&%&mw@ﬂsﬁéﬁy‘ °HEF%‘Q4_5?“‘5] tl“?qs)?,%bl%e
sequence presefitinvéntdni sodld hoeproBudd WRibRah(iR 'defaliRicH FthPhRakiE heig36 31 AUG
2005 WO 01/ 20035 PCT/ US00/ 25104 |1 n one enbodi nent, the PTO cannot function

ef fi ci entcempeBenys of sabmethods andedompositiomsd  ext ensi on. Techni ques for
bl ocki ng the prinmer function of the PTO include any that prevent addition
of nucleotides to the 3" rend of the PTO by a DNA pol ynerase. Such

t echni quReaetien ailions urddeteetiby 1 NCl udi ng, for exanple, substitution or
nodi fication of the 5 3 hydrox‘ylh.agrou ,. or incorporation of a nodified
to

nucl eoti de, sutpprepriaie waetionmpedia itionsi for careying outdlss medods oftheof t he

PTQq hat n ddi t.ikon nucl eot i.de ‘b

pol rer aBrsefitnEREAN UG ARHRhIARRIC 4o ABoRdith s el o
smal | moff @epresenhinvention. Hweh rdedia @id conditidak htekndivido | &f skiliaRthé:s
bioetin.. The en%th f the portion of the PTO that hybridizes to the

di spl aceAtpMaF degribed Bhliratons, sugh e dSaPatyNpr HH25ELMEPED about

50 nuc! e@ubaRs, WOBKR81 8! Poclalhpld, ABurRPRiy bh TrlsBufBE Wlthdadh SHG e IeS:

even nore preferably from about "15 to abou nuc nost

~pref er ablcgn alsobe: ts log asahe bofferongainents are forsinhibiterybodinapnes, t he
D00 AR 5P il R R Nl bl 5t oSk >
conpl enent pinote/préferdbie frbintiboti & 1o WboRP10,e98n Aord Prefirdif KRR dbadt 716 @&dut about
25% nor r ef er abl ﬁ/a at | east ahout 50% even nore-preferably at 'least
-about  75% Aahrostrelfepblt Eemabgut.S teahout 8150 Jhegesation mediums camalemitstudsi ndi ng
SeAenCo Lk o 15 A, Y A B on I A 5P Al
the range of from about 0.01 to about 10 mM, and most preferably from about 1 to S mM.
20 The reaction medium can also include other salts, such as.KCl, that contribute to the totél
ionic_lstrength.of the medium. For example, the range of a salt such as KCI 1s preferably
from about 0 to about 100 mM, more preferably from about 0 to about 75 mM, and_;ﬁqst
preferably from about 0 to about S0 mM. The fwction' medium can further include |
 additives that could affect performance of the amplification reac;tions, but that "ar.c not -
25 integral to the activity of the enzyme components of the methods. Such a;iditivcs include
proteins such as BSA, and non-ionic detergents silch as NP40 or Triton. Ré_agents, suC.h.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 ac.tiyity_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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20 The anplification nethods of the invention enploys the follow ng
enzynes: a DNA polynerase, ribonuclease such as RNase H, and, optionally a
DNA dependent RNA pol ynerase. DNA pol ynerases for use in t%bAUﬁanﬂbds and
conmposi t i Qiyp1afdsst he- present invention are capable of effectin extensr on
of the conposite primer according to the nethods of the ZCTHNEY

I nvention. Accordingly, a preferred pol ymerase is one that is capabl e of

ext endi ngcumbersoing theidedoyclidig prote !jﬂfﬁg I'S
conprised at |east. pr edgmgnant 'y’ ‘T’i'x?agm oxynucnlc‘.g%%ij géé&m%&géener ase
shoul d belcEpemture that permitsdybridizatien of theiofigshucksatides @rmek JESROIGREE! eot i de
to which nd i s bound, and enera 'the nore strand
di spl acengeeﬁﬁ ca’pﬂod?q%?tq-ﬁt@ep%‘lefﬁ?g r“h‘éeét‘@%ﬂ e ?egnglpte@oénu@mra@d thay ot her
pol ymer asdus nbi substaftidly m’blthﬁe/&'ctﬁ%? %Pﬁ’ﬁ ] ,,,,g@g.‘gbl lity) is
rable., Preferably, yrrerase as Bdi ng .

f

gé :tfg C%bee‘ﬁ %ﬁ‘;&%ofﬂfpwmmuﬂdélwtbmgﬂ?wmdg? &fﬁﬂ)ly\ﬁb&im@f@ﬁﬁ 31 AUG
t

doos not 0001 i MBS EraBf shoth 4o ok 10°Cir lisema smpodiniats bty mor ase

has | i tt liaclode RINAbtransdripteosh) et @peinie Forihl K%x?s%ugﬁ?&e %‘fpsgégbw“é@ﬁgﬁgr adation

of prinmer, termnation or primnmer extension p Iy,

this exoﬁﬁ%‘P@a@é"(é)c for qudlﬂgespmsdhrﬂlemmlﬁdimétas,&hwtbn@émﬁkb offet

concentr t enpl at.e o tranded or ngl e

st randed, ang %ﬁ%%ﬁ{b‘hﬁm“{f\rﬂ%ﬁ" Is lqu !"i?af‘rct‘%al&‘r'égg’ﬂsylmcgﬂ in the

art 10 Mut zptefefaulty qjmbym?(nsabowvsv@ﬁmﬁlag p‘i_’ef‘cﬁﬁlty abb%iipip‘“@u?ﬁﬁcﬁlt (‘II:VJ ty has:
re sul ta

been del et.ed, own.in the art and a ification -
et hods descri M andfor rygleotide angiugs, rsuclymsieaxmbdmcleomécmhbé]ﬁmwe,t hods ‘

- and conpqRatich® B& eMbloyBE fd?, ehgicl.ude those &FSCl d | n US.
Pat." Nos. 10 000 cBployBE £ %bw/\}% it SEicHiien progucss it Né‘ifﬁ
Bi ol abs) jinvontion mequovided in themoEﬁlgdﬁffuin Bicbrably)aboRS0(5aBRR D500 gs@ mﬂ u
(Strat agene%l,akﬁw é erﬁgg q%sauenm ng grade Taq (Pronega)
t her nost &XF %B A @ﬂ’e‘r’ MM everrmore prefitrably@bout 500 to about 1700 1M,
t hergohy Ghe erabi fer @Hﬁbﬁt the DNA pol yneri se di spl aces
primer ext e%isals{ %*Ef it t'8§9 gd’r’r&% ? {18 spmeembeduments, a pugleotideort about
25% nor exuplreeti@raﬂalog wliosb PRsEnckIn AROpHime S gqhgp ast
about 75% and ?EE f erably at |east about %%ng%ﬁ 0 %ﬁ%m%e%éte()fgf
cont act. shead 9»rﬁ?’r°d§§m§mm thatis vedfakerttarpedniventional AT, CG
base pairing) is iricluded. Such nucleotide or nucleotide analogs include deoxymosmc and
| ‘ottier modified bases, all of vhich are 'kaown in the art.” Nucleofides and/or analogs, ‘stuch
20 és ribonucleoside triphosphates, thdt can bé employed for syrithesis of the RNA transcripts
in thie methods of the irivention’ are provided in the amount of from prefcrably about 0.25 to

“about 6 mM; more prefcrably about 0.5 to about 5 mM, even more preferably about 0. 75 to
about 4 mM, and most preferably about 1 to about 3 mM.

- The oligonucleotide cormponents of the amplification reactions of the invention are
25 generally in excess of the number of target nucleic acid sequence to be amplified. They
¢€an be provided at about or at least about any of the following: 10, 102, 10%, 105, 10%, 10'°,
10" times the amount of target nucleic acid. Composite primers, TSO, PTO and the
blocker sequence can cach be provided at about or at least about any of the followmg
concentrations: 50 nM, 100 nM, 500 nM, 1000 nM, 2500 nM, 5000 nM. -
30 In one embodiment, the foregoing components are added srmultaneousl'y at the

initiation of the amplification process. In another embodiment, components are added in
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extension product. In sonme enbodi nents, the use of thernostable DNA

pol ynerases with strand di splacenent activity is preferr%g A@?ﬁﬁﬁ

pol ymerases are known in the art, such as described in

5744312 WVemdi/2003%r ences. cited therein). Preferably, the piuseo/2sif

pol ynmerase Has little to no proofreading activity: The ribonucl ease for use
in the nethogﬁband conposi tions of the present invention is capable of

“cl eavi ng Y BBITIPTIRGO of @fter appippratAtimpoingsduring the erhplifidation prokess, as

ri bonucl ard|.ess,of .the identit 'type of
nucl eotlgagﬁcauéj acée‘ﬁlp&ppﬁ? qugﬁsﬁé{'@gf‘?aﬁ OR- oS tE’P"é’QU‘g% ‘P?Xf‘é’ﬁ‘ﬁ Referred
that t he ard imedisdlewseanbearudity identifidies TI&RAEYh anpl es
of suitable rlbonucfeases for thglmat hodg&g{r)l%m%%lﬁpﬂt%???ons of t%se Eeriesent

i nvent i oROIMElelagid pmplification asgording toithe nettiodg of th preseitdmecatiph cqifdase H).

e or os Sages TR peBHon BRI GRSy b B bt S Benstiesifinans fufovang. O ©

pr okar y othecdenatuyationases or ﬁﬂldﬁh{%md{ﬁ%on@f%rﬁﬁ?ﬂ dngdlot ﬂﬁcl-&]r secz% ﬁ')d SP6

R polyrrerases Generall , the nmerase selected 1s cap
transcri Hrefareet BNA. 196 dpteanmcdrbysbqu&maalmtahxﬁnwwdfoyomhmmdemuammﬁ WO

01/20035 g@@g@g%ﬂiaégéghﬂoﬁfr PTO as described herein. Generally, the RNA

pol yrmer ase | pol ynmerase, which is preferably capabl e of

transcri bi ng ﬁhomnphﬁbﬂwﬂcsétto%@‘é&db% b tiflepoRité] afd rdstimed a410t er
reg on |§“double stranded. | n general enzynes used included in the

timspeints cange regdlkyrlég@rﬁedi byeparsanofskilindhoart. Methods e
substant | on t hods and
conposi tF%‘:édﬁ%‘ég?%??%‘%ﬁgﬁiﬁ?ﬁgﬁgﬁéﬁ%%@eS‘zd"%% TR, StoltR e BRI o 4
and condmixtyredofademperature that inttibitsenzyme hotiityo f Methodslfor pisembnp the pesetidrison ar e
those th o t nu&ile C‘H& I|f|ct|otr?oac ordlngr;tothe rrethods of
the preseént ﬁ%ﬁg gﬁc‘ﬂ tfes °5ﬁ ﬁcﬁaﬁ‘?ﬁﬁg’e regdiodons of

skil | i Nmdikt@re t3 attempeAtdé thald itsR@Gyhe a¥ hﬁ)@&
Pat . gﬁxa?g 51§mand PCT . Pub. No V\gsgﬁgoqgsg%glf exanp &°ﬁéﬁ'}¥‘€'§r

be h5r| s B stmqmeﬁﬂheGMpnmmmmshcdmmanmgm fdk:ednglﬂlclwwglmmnt he .
buf fer Corpeations” KRRy, B fedbor Gn ¥ aliTed to proceed (i.c., from start to

finish) without interruption.

-~

| . The detection of the ampllﬁcztxon product is:indicative of the presence of the target
sequcnoe Quantitative analysis is also feasible. Direct and mdu'ect detectxon methods
20 (including quantitation) are well known in the art. For example, by oomparmg 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 rcfctct_xcc 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 al,t_c.raﬁons and sequencing of the
target nucleic acid. Further, detection could be effected by, for example, examination of
translation products from RNA amplification products.

Amﬂwcation 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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15 conponents of the nethods of the invention. The pHis preferably from
about 5 to about 11, nore.. preferably fromabout 6 to abogt @0, even nore
preferably fromabout 7 to about 9, and nost preferably fr h BB 7.5 to
about 8. 5W0 0iieo3sseacti on medi um can al so include bival enppRisHds1HNS Such
as Mg2+ or M2+, at a final concentration of free ions that is wthin the
range of fro&g&bout 0,01 to about 10 mM and nost preferably from about 1
to 5 nmv BVifadaboyse dios axample.refetencedd Bising a conipesitprinter swhhsthasanylof e KC |
that cont g 6 e L, ionic strength of the medium For exanple,

t he. rang‘fad “gcég?%gsdtf%ﬁ&b%ghﬁfﬁmf@y é‘F@Eably fromabout 0 to about 100
MM nore pref elhaddleaspocOoF b Priset ihveriid éto e erably from

oot P A4 m @o&%rfaﬁ}ﬁfpgﬁg ﬁ&xuﬂ%@éc

about 0 to. about 50 The reacti on nedi um can I nC addi ti ves
t hat coul §9¥8nce spmplemestany foatarget nhieleatidal sefuenat isprovidat: tTnahis methtd, t hat ar e

not 25 i 0 1h ctivity of the enzyne conponents of the methods.
Suc hg add ?wée@all L‘gﬁdd’g‘cgﬁra&d&ﬁcﬁge‘?ﬁéﬂ‘% mﬁé’ﬂ, 15 &?’Hrrg‘f@n In gepthergspeshdent s such
as NP40 anethod forampReyig Pétyh i f o omi.ptaining
enzynme act?vi ties can.agggﬁg%t [ ncll%?gawgs;&g&@te“é%gﬁilgﬁpag@elﬁ.fgg\ﬁ%{r}tst he :
art. Whers€nseRNAJS pravided, whickimsamétimhésaifered (cherbinas aifiadianedd”lisir does

not. 1 nhiRlh. hvi,ty. of the.RNase enployed in the nmethod can al so be
i ncl uded. Hnly gﬁé{g’ tnb?nct%%ﬁﬂtdg WW@%%#@%&SO%M&%# nuglicoccur
at the saioid sequenee winplificitioiRekiol I TSO-bRs& 6 [ 2aGH O e

per f.ormed. i%gélhe | 'y, which avoids the é&%?i%@%@géﬁ%@ééﬁ%g%m
pcUso0/A98 °@%§%W@MM@M@&@MW@MG@E Sequehéon reaction
i s-carri @ghpbiffeadd ich L ts hybridi ion of the

ol i gonucl eot i des n(‘gtrulcma(i!"?i{;l E?éﬁeéékﬁﬁeﬁﬁé%ﬂs@ﬂd%wwgﬁmﬁﬁﬁﬂoﬁﬁw
present  iZsention to the tenplate pol ynucl eotide and that does not
substantially.inhibit the activity of the enzynes enpl oyed. The tenperature
can 5 be in the range of preferably about 25C to about 85C, nore preferably
about 30C to . about 75C, and nost preferably about .37C to.about 70C. In

sogl% enbodi nents that include RNA transcription, the tenperature for the
trascr i pLReARNNGleis ¢ ' Hinpein sbmpliihtary DNA praduecedi ng
he

’ cidsequenes amphi csulting
steps. | n thespLehes the. tenperature pf t franscription steps
can be in the%ngeqo# !p!irl i@f R}w&bn@’ﬁ tongp ‘Bé‘g?“ﬁ‘ﬁfl on

T P P R
tri phosp A single composite primer. ‘In one:embodiment, the methiod also-employs a
: termination sequence; such as:a blocker sequence as described in Method 2, or a TSO, as
20 ©  described in Method 1. Methiods 1 and 2 are déscribed-below. Insofar as the linear
: a‘:ﬁpliﬁcat’ion is not linked to transcription, the components and steps leading to formation
" of & comiplex-comprising a promoter seqiience for a DNA dependent RNA polymerase, are
‘mot included. . o ' ' ' -

ot

o

o

| The termination sequence (either TSO or blocker séquenée-‘oomponcnt, if used)is
25 added for producing a product of defined 3’-end. In some embodiments, natural
sequence(s) within the template 5° of the primer binding site inhibits nucleic acid
polymerization such that termination of primer extension is achieved.- Such natural
~ sequences are known in the art, for example, GC rich sequences, or can be empirically
determined. Use of a termination sequence is‘particularly beneficial when amplifying
30 genomic DNA so as to provide a defined end of primer extension. When this feature is not

desired, the isothermal linear amplification according to the methods of the invention can
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that can be enployed for synthesis of the prinmer extension products in the
nmet hods of the invention are provided in the anount of frogl pﬂré,gferably
about 50 to about 2500 M nore preferably about 100 to abo { dﬁﬁ5M even
nmor e pref BiG2P0¥bout 500 to about 1700 AM 15 and nost prefrustbksioabout
800 to about 1500 M In sone enbodi ments, a nucleotide or nucleotide

anal og se S&ne: ins the prinmer extension strand enhances, di spl acenent
of the st %*’r\'ﬁ&??‘b r‘“g}?é'ﬂ'b#é‘?‘ OR 5¢AYeAEC-Hhheisphiermal dineas amplidicaiondurthern an
convent i ofgdized\fw | b d IS al ] ' .

nucl eoti de anal o%ggiyr?%?ﬁﬁgﬂg‘e@%gg? %&gh@@%@%%%& Elg?gg,ém%tﬁ of
whi ch ar edespription of thélincar isothehingll rarcldicl acid anglitatndf dgsinvaition i2Show in

ri bonucl i d ri phosphates, that can be enployed for synthesis of the RNA
‘transcri gﬁsg““?e]rﬁﬁe nmet hods of the invention '"are provided in the anmnount of

fro ref er abl gingbe tlﬁ)?s . ferahl t 105 to
abOlrE I05 m evgn noirt%}v%re etrlgg?gggggﬁ%%g%ﬁwgkgﬁ&niﬁ%aﬁgﬁﬁmmP
pr ef er abl designodto amplifyatuiagle Sranked DINA eirpaio 'Whérehé tdiget (o BO amplified Bfdst he

25 generally in excess of the

anplificatj,qn,reactions of the invenfion are >
nunber oA Jis sk Rdiret deaptired 4n pesrisee ioelscstmndnd tgets Tarbetylonaiurioe
br ovi ded rhiky BO@sitic bulsidgiAdthod 0w AR by | f1Ral; Whh
106, 108, 10y10, ‘10.12ut i rlres t he anoun ?)in{”é'r%g? £%A€?é%| %lg%léﬁgam%gﬁp@% e
pri mer s, ‘thergerissingle straeded RMA csuch as RN A orairakRNA, the topevisdiest at about or
at ast A of . th I | owi concentratiqgns: 50 nM 100 nM 500 nM
1003€nM gﬁ%ﬁqxé’é?f!!;“’ﬁﬁl’&%o‘ﬂ{&?t gﬁ@"@?‘%‘éi‘?‘ﬂﬂﬁﬂn the@d f or egoi ng conponent s
are added. si nuA$ stivaiial Big@e 1ADE, the Tnbidté fdth@d &@fe Process.
| h "anot her enpodi nent, c%‘ra}‘gpn.”ent s are adﬁ%%aﬁgﬁ\'}%ﬁgé}@é@@b@i AUG 2005
PCT/ US0O0/10%ehiionsoinpaisescstens sinifar te therinitial stepsefithoentianted lineaemmplifisatidnr i ng
the anpl ifihadd Wserdl iLred and/or 1 {te t
anplificat JI; on r a%ttﬂll')dokﬁf u28 h il rf%%@? k&mﬂl&gﬁgtg?s T(fc‘?f’dd%f?'é)'nﬁ%ﬁrﬁ%l ow,
can be r awdldigadid énconibing with acamapssite ppimekDNA polytabse alribohlisle@RueEEs used
for ﬂucl ej mci 3_1 aragl | i?gﬁt i B@gﬁlccor ding to the nethods of the present
vt i o sRINass andoptiegaliya HSRARMGH compenentoT3Pcas eserihediagoyadn
-nucl ei ¢ -viricthbodanét¢adh hRplifitAP fofl i Pt | icaP”
foll owi ng hybridizat on g%ﬂBt he p?iréﬁgpbg\#ﬁ%arcsb og%g{r&. se%gﬁg%é@%&?ﬁe
“tar get DNRQWCIB} anathes embpdiment ieach taplifidatioh adaictiod inchrigs a migtueeof
gonsi der a&lm%%té‘ﬂﬁx‘ﬁ@r Véﬁ%ﬂw Whérein the Vglfianstskll'clplrwl:t?t t;[v_g %r gotré 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 aboqt 75%, and most preferably at least about 90%. Advantages of this
embodiment include the ability to introduce different sequences of interest into the primer

-extension products. In yet another embodiment, each amplification reaction includes a
; mixture of composite primers, wherein the primers represent two or more non-identical

25 | sequences that are of low: or no homology, and wherein the primers preferentially hybridize

to different target nucleic acid sequences or different sites along the same target nucleic

-acid strand. Advantages of this embodiment include multiplex detection and/or analysis of
target nucleic acids through amplification of a plurality of target nucleic acid speciesina
single amplification reaction..

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

composite primer and the termination sequence (TSO or blocker sequence component)
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The anplification reactions can be stopped at various tinepoints, and
resumed at a 10 later tine. Said tinepoints can be. readily identified by.
a person of skill in the art. Methods " for stopping the rea%’t AR 205 e known
in the ar{ypdipedsgdi ng, for exanpl-e, cooling the reaction mxture to a
tenperature that inhibits enzyne activity. Methods for redi 023184
reactions are also known in the art, including, for exanple, raising the

t enper at ubybridizettd thersametsirand ofilsttatgst, 1@t SERRDRbMA ool BE! (Hidute ALY M
A A

eactt ol SRRk st o ok opiaimnd by on o 1

{1 om st are (e Bpa etice REfySifabi B e o0 SrRlocheentchofocmoaneas, to ©

anpl i fi cayieldreomplet XX (Rigure ndi-CRt AVighdaiu a0aet
sequgnce. a %léieaé,lcﬁ/ﬁ a%\lgr_ysi syi s al socg‘eg%ssflgllﬁ?%e%?icgﬁ%%% I'Téct

det etti orf Anpottign of thecxterided priary oficamplex XX (Bigurd IA-O) e art .

For examy | nt, of product, anplified froma test
sanpl e g?é?%‘l’%*ﬂ@%% un 35{%?‘6%%3# & pecong spmposifesimer binds o camplex JOHI
target sdfigancPA{Q) UyltybpdRetied oPih i £ ' { r nmpl e that
has a known %mh&/ of a olonugmﬁ %%&ﬁ]lgﬁﬂ%gnﬁf‘hgﬁg?{gfggt
sequence Ol 1gyre;l t The &rgedhpertion of e tiound campudite peiafer Ben
determn i Y ' et of 1he-present 25 [nvention can al so
be extende I%gﬁéﬁg@ ;%‘lns)ﬁ% b@(@&ﬁ%ﬁé@%?&%ﬂﬁ&yi’ﬂg% f barged tyforin e
tarlfet  neomplex XX\ (FipurtlteC). The hgbrididatiohdfdhds’ Gldf FHhebnPositd SHimer@m™! e
exam nat | fet' t-rag‘éh'a?i o’r’_l%iorodggﬁ from RNA anplification products.

Anpl i fi cﬁ% StEEEE b 1aVOrRE Qe Sishybridization ofittg(’ endof the pimenextension ,
exanmpl es padducheinethé hibriidizddo & qgip he i £ion. Lt under st ood
t hat var il?ds ot her, enbodi ment sémn%g _%?‘g%l??gggjé?gﬁn\?’gﬁofﬁ%e%gﬁeral '
descri pt Paﬁwss ¢icwvilbthen extend e @88 oP @ prlaeY aldk(te pirgsti Bagepbove. For

exanpl e, ekRh&HERSEL Q- oprpogi te priner means that any of the
coggosi te pélﬁrrer sﬁlésteigcr |il)l%gm%3f%@° ﬁﬁi’ QS%'G?‘S‘PHPBFFE"‘&Q#&%/ complexe
prddent XK€ @im;lmﬁﬁhﬂﬂr&eﬁs'iafegka&u' hieit'td JieRd MU pROLih) it B
conpl enen { to a target nucleotide s_equglnce ispg?%d\#igg : nﬁ#;[igs nmet hod,
5 isothe e B | vehigh are; genemally enmplemeptary ite tieitaget sequenbé.eved. | n
anot her aspecihe ginPRIHARd I v R arget -pol ynucl eoti de. sequence
wherein the anplif % p[ogqplf@ln@le"g%én.s l%@pfgmﬁregfﬁ“%‘@ﬂ,p FEhofte sonet i mes
r ef er r edisotheppaldincasamplificatiom avettexd ‘art readily detectable by any of many-detection -
= - methods known in the art. ‘Various liomogeneous or heterogeneous detection méthods =~
20 suitable for thie'detection of single stranded nucleic acid molecules were previously
 ‘described, including identification by size and/or migration propesties in gel -
“electrophioresis, or by hybridization to sequence-spedific probes. ' |

o The detection of the amplification product is indicative of the presence of the target
| sequénce. Quantitative analysis is also feasible. Forexample, by comparing the amount of
25  productamplified from a test sample containing an unknown amotint 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.

44



anplification nmethod. In one enbodi ment, a nethod of enhanced i sot hernal

| inear nucleic acid sequence anplification which is.' TSO bad86 205

provi ded {Vhere| nafter "Method V). In .10 another enbodi ment, a nethod of
enhanced YOMBMFal |inear nucleic acid sequence :anplif iP@fUS@WZSAM chis
- bl ocker sequence and PTO=based is 'provided (hereinafter "Method 2"). 15

Li | t |t |
pr oduct vhen Mo RERHREEIAT, ot hR10nE 1oRE el TPl E AERDRORET ARt 1 he
i nvent i onlestabowl46°, pleabtedoleroTpat Msils@éut%?)'at feasabb@ 0% c@méﬁﬁﬁ ucleic

aci d sequenge. The net had utilizes a si ngl € conposite pfimer ne"

embodi merfoPIssIof eakiaopy of, temaplatepolynuicleotidecari. bea&mpected,dlmsdmdmg tmat leaatsl a

Vet nog. 1. Sugeer dnet ed 190,44t Doll e thonble” s abou I aLBRabalt o

anpl 51 i cat0’pat léast it 10'PEH dnfialdeARBE With irbpaet th Q&m@@p%i‘é&gﬂa@“d steps

leading to formation of a conplex conprising a pro er sequence for a DNA
dependentl"l’!b‘!l‘«l b@?l%erase are not included. The term nati on sequence
(either TSO or bl ocker sequence conponent, if used) is 25 added for

produci ng a product of defined 3 -end. In some enbodi nents, natural

Sequence(Bx)hanwdhhﬁaxt lifesaion kultingdih sbi@ FOVAFRSARL Ndi Ng_si te inhibits

nucl ei ¢ acl ol ymerrzati on suc of prinmer extension is

achi eved. Suc ehent invertinntlecproxides methadsifor ankplifping a tirget polgyoleetideaC

[ t d, Us f t t
Ceatdnce auaRe whteehfhe S pRAEt IV SRPRSE fhs 3B GenBRrClbAEs as 1o
provi de aseqmducclmjtasguy Afm;ﬂi‘ﬂd&tibn Oﬁtaﬁ%w he¢leic\A6RIMckoYding 6 Math&d 1,5witich

cation according to the met hods of

desired, t her ma|, ear, anpl i
the i nverff’f‘gﬁ ﬁ‘ﬁ g&fﬂv&?m% Brigue B‘tﬁmﬁg@‘?%ﬂl IREPN peBlycLEMprising tazget i ed
P ey " om0 RO b o AR 1681
RNase H. lincpeampli W%%anpmfmmmmﬂeﬁnmed by ﬂe:rlmbhdmaﬁbmof:ﬂmm d
SRS 1AM SRR s bl s S b,
grens): ?Plegdﬁ)lotsrag;phpdqn by thie RINA palynfstaiRiiwkivh defédRs anw\e&'pﬁd&ﬁcttéfrtﬂé‘&anﬁ@ be
i thc initial target sequence. Similarly, amplification of nucleic acid target
aco_ordmg to Method 2 results in formation of a displaced primer extension product which
when hybridized to the promoter template oligonucleotide forms-a.complex, 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 abéu_t 1000-fold enhancement with respect to
_the non-transcription linked methods of amplification.

Below are two exemplary methods.

30
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DNA, the. target is first denatured to produce single stranded target.
Target denaturation my be carried out using nethods known in the art,
such as heat or alkali treatnent. Wien the target is singl&!dUsagged RNA,
such as nf@OIKR0035 ral RNA, the target is first 10 transcriﬂelc)q g(-z%ro@duce
CDNA target by nethods known in the art.. As shown in Figure -C, th

| inear isothermal anplification nmethod of the. invention conprises steps
simlar to. the initial steps of the enhanced linear anplif.i:cation rmethods

(Met hods Mmgm@w&d%ﬂﬁ%ﬁ%ﬁﬁgéﬁﬁﬁgﬁﬁ 2A-C and 3A-D. The target

nucleic acid is conbined w CARM pol yrer ase, a

ri bonucl ease slcénekmtaatimbiag thetT Maé&tlilﬁﬁﬁ&hn%ﬁﬁcaﬁbﬁ ﬁ{gﬁ{od%?%g{g&%n@ onponent

or TSO, as descr. be bove. I n_one enbodi ne each anpli on,
reacti on MHERURRIS tiorefrem dlic prirvaer éxteiangRbduckad pesvide enhiincdgot her

enbogi menfy| defleatign reactipn includes.a m xture of conposite .
pri mer var?%ﬁ? ggdm?lgﬁ&%exﬁq%s&?w{%@ﬁﬂuﬁ nevel amplifieation msthagdous but
noni dent i Methalelqiseshow®.in Pigrvharei n al | are capabl e-of hybridizing, to the
same target:. 20 nucleic acid sequence.. The conplementarity is preferably

at |east about IBb§O-hssed nyoleit ecidtamplificati@remtthod 0fi theih¥ention employs asingle

pr ef er abl Yor % Advant ages. of this enbodi ment | nclude the
ability 't %° i tsitggﬁ‘té‘ge 39 ??%’?'g’ﬁ? a@‘é‘ﬁfué*.é%é’“éf’ﬁg?ﬂl@@@? Hicd in the amplifisation

ext ensi orimpthod of the inventipats arpifise s@MGHﬁBﬂ&E&mﬁ&&WL}% hERL a4 eaction

I nclydes aw m.xt ur e ?,f gonposite priners,” wherein e ‘priners represent two
or fMbre n -“F-o“é’r"rﬁmpé& Icgion me dhe inyentionemyfloysthie Gollowing errymesya DHAC
wherein t Era§8 h $ibBh | ridize o to, differ t grget nucleic
aci d ,sequgﬂ‘cyfgs or Qiffg‘%l?r?t%%glb%sﬁg oﬁbﬁg’%“ﬁeﬁ%%{ﬁedﬁp&@fefﬁﬁ{ﬁ% erasg: d
strand. Abhesmucleiraridiargdtite be amplifisd cin be DNUOS AL i&hﬁﬁﬁ&%ﬁﬁfi:mnd/ or .
anal ysi s . UGl ei i ds, through anplification of a plurality of

t ar get nu@{g&t%ﬁg‘%ﬁ%@’ﬁl&ﬁé’?hﬁSﬁnthgq%gfg“%lqtmédt ion reaction.. 30 Figure
| A-C il ustr atBe ew ESOGAsEEEhah b lidelt : | patd on_sequence. The
co site pringr g‘y,the term na?}ﬂc}n se%ﬂu@ﬁ@%aféwm@%ﬂrﬁ&gwﬁ%%
com;))%nent'iag?% tipde cepies of RN AQFodREROMBIIPLAS (R4 shise) tothe Rrged DNG Same
strand ofseglﬁ&caarg_et, to forma tri nolecular conplex, XX (Figure 1 A- O).
The 3'-end of the conposite prinmer is extended along the target strand by

the pol ymer askhe single siranded tirget natleftydid #icanbhe@ witll e tadpSdite Pkl &l
sequenc e %Bﬁgno%%l’eotti&, DNA polymerase, ribonuclease such as RNase H, a DNA dependent
~RNA polymerase, and nucleotides, such as deoxyribonucleoside triphosphates (ANTPs) and
20 ‘fibonuceoside triphosphates (iNTPs), in-a reaction medium suitable for nucleic a¢id - -
hybridization and amplification, as known in the art. Suitable feaction medivim: and
 conditions are as'described above. In one embodiment, transcription is performed ata -
different temperature, generally lower, than that of the preceding steps. - In another
. embodiment, all the steps of the methods are performed isothermally.
25 - Inone 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-iarget
ngcleic 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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yield conplex XXI (Figure A-C). A ribonuclease such as RNase H cl eaves the
RNA, 5 generally the 5 -RNA, portion of the extended priner_ of conplex XXl
(Figure IA- C} to produce conplex XXIl (Figure 1 A-C). A sacbhlh @ﬁposi te
priner biVWA8MEW3Zonpl ex XXI1 (Figure | A-C) by hybridi zat PONUS/2510¢ RNA,
generally the 5 RNA portion to yield complex XXIIl (Figure 1 A-C). The

f 3 ' f. the b ' | h di he 5' d of
the pri normick PReioh PRABGC i St aner sabodimontoeohampllgRion ssotghm 10
conpl ex JadlMdet kinsisttude bf'cdnh i hillefedd | ' -
conposi tae?g&;igalrrer to ;jge t%?sétgﬁn%gﬁigﬁﬂgP&rbpg{/ccggr%@réo?/%t?&?ﬁgaﬁ;%ﬁndi sation
of the 51 étqueineegthatare ofloveorsncoliomelogywad whiereirethe peinfeydpreférendallyd’ end
of the pki &ii i te of bindjng. of themDNA, ol ynerase which vvill)athen
ext end _t;t'ggg z’éﬁ?a‘ﬁg‘?‘ ﬁ@fﬁﬁt PH&F‘%%%%‘W% _%Fr‘b@gf.en_ {esalong ¢ same farget

ol commckold drabl, ASENISSTE M pbbifcnl nShaPiiuliofdiiaibhatul fouct 10
nul ti pl easalyss of target nucldichids ttbagh amplifeaiti 'opbﬁdfmtﬂity\/of tbgethecléicacidal | y

conpl errenta:%é.to é&%f t arget .seg%gnce. The single stranded DNA (Le., the

di spl acePPITHRA SIB{EHEP PREGRCHY- of ‘the isothermal linear anplification
nethod are, repglphe/eriBddifie fihéti L.an. own in
the art. Vari %s H%m)gerieﬁﬁgﬁor 'et'erg%e%ﬁé@ﬁ:ﬁo%n%qﬁ%gﬁgﬁﬁgg

sui t abl e prapromefer sequencs: il anothersimiwidimenty the TSQ does not congyirisd apedprombies wer e
pr ey ous ' desqgli I pcl udi ng identification by _size and/or mgration
D ol eauchie: 3h oS BenpoR o aloO ke sodiRen ¥ prdvideLrepaigicly by another O
sequence olipamiclebtidgsaleas a FTO, that cihprites £ brophsinRFBGuEAGHNHE hybAskble | S

ingi cative, of the presence of the target ~séequence.” Quantitative analysis
i s al so f%‘égi:‘b?%‘.mi*&% theprimercextansion prestuct sugh thas transeaiption of the primeoduct

anpl i fi egxbAioR prolidticag d8RIE CONtai ning an unknown amount of a
pol ynucl eotide containing a target sequence to the product of anplification

of a ref er enche singleconiposittiprimer ardrthe\TSQuha hytbriddde ta tilapitutandof e t hat
' nount. of target seguence in the test

O s S b AR T B STt Bl BB ol 1°
Soquenci neror s b oo ok R AR} 8id 0apdt e ° FRERIREIGR: A KnRaishlS
PCT/ US00 ﬁtgg.]_&bmtmltﬁﬂgg hymoligonucleptidestto the target strand résdlts it the formiatiadpout
A0 e iy, 10y o oo 107 e
.- . A DNA polymerase carries 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 thetri . .
R molecular complex II. The last comprises a target nucleic acid, the TSO and the first . .
primer cxtens_ion product. The first primer extension product is a unique DNA comprising
25 both a target dependent portion (i.c., sequence complementary to the target nucleic acid)
and a TSO dependent portion (i.., sequence complementary to the unhybridized portion of
the TSO). _ _ | _ .
. Complex II (Figure 2A-C) isa subétrate for both an RNA polymerase and a
ribonuclease such as RNase H. The DNA dependent RNA poly'merase binds to the
30 - functional ds promoter of complex I 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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copi es of .each copy of tenplate pol ynucl eoti de can. be expected, thus

|l eading to at least 1, at |least 10, at |east 100, at |east 1000, at | east
about 105, at |east about 107, at |east about 5 109, at |eddtAUGapgut
1012- f ol dweneta003snent with respect to each copy of tenpl at ) Leotide’.
Enhanced |inear anplification resulting in sense RNA produc e present

i nvention, al sq.provi des nmethods for anplifying a target polynucleotide 10
sequence W?B?“éﬁﬁqu Hestadaiar ofhic BN stoindi of aRRN AMDNAI Hetdraduphs, a&pades gpauence
(i.e., sa . rget). l.ification of target nuclelic acid

accor di n gg‘ta%orﬁg‘?ﬁ@gg ?nﬁ'\%ﬁ %%ﬁ%l?%g@ﬁggt 1n gomplex JE frfosmithg tromolgculan epmeplex

i nternedi B.e anplification product conprising target and tenplate swtch

ol i gonucl eot i d€r (1SO-related portions, provides for coupling of the
| inear anpl i fit&t FOmpestepramerdiybridizesto thé primerpbmpleiRaERsittiof titetarget

hybr kdi zat i . 1§k ate sw fch oligonucleotide and the displaced
pr : rrgr ei"ﬁ ‘g’%“g%‘:é‘? %dﬁ@?x %@{&iﬁ‘ét Jhsrlw%ndmﬁgré rasplts m‘fot!'}atton@me

pol ymer asexmp PAREY ; lim Lo Of: Lt e _as. the
initial target s,eggencp. i m%fhér| Y, 9arrp i |%°§{l?%%%8$r%ﬁ§8}e£ﬁ§§mﬁ‘c°ﬁr‘bfet
accor di ng‘?'f’ Brivet wdubddized to the tirpetistranditDisplacdment OF Siel A Gkt P@ftiﬂﬁ‘bf @xt ensi on:
pr oduct Vﬁ.ﬂ.lﬁ Lgi zed.,, he pronoter tenplate oligonucleotide
forms a con%féd@% tv'vﬁ?%‘l‘cﬁéy &‘CE‘O%@F@P@?%PW'W kxrbridizdyprisenydll As in

Met hod ;-;-fe-gdiihfm%fw@pl&wﬂ@iﬁﬁwﬂcggvmicﬂi?% subdtfif@for o IRA 1 11 CaLT ON O
tra‘ﬂzcrl ptllon. Th roductjon of preferably at 1east abou ) re.
pr ef'er ab| RPARCIRE, wtofthe pimenalong the pargétestrant (VH: Figaes2A-@)aesults

stilll.. s - . out ,1 and nost. preferably at | east
hout 1000 PRt orine frt prink ERte R oicldoed s Rt Kemabdntimeouct 1 s
expect ed,cxiensions yukiitragd tisplacehenits bdsylt i géRaftfondTomiitidle d&?feeo?5_ preferably \.-
at | east gg[ga%?(i(g [tﬁ%en mor e grefer,ably at |east about 75, still nore
pr ef er abiBy & e BeiA sa5bsubgiantistyscomplementany tp the targeasucleio avid.
1000-f ol d enhaegkiak ckichlioh BAREE! gehlrated ML RARTEIRL 81 LRI,

®

met hods of anplification. Below are two exenplary
01/ 003 s tBEsEpkon fothe cpibpdiosan mistiu TSO thadoiphSE: Ppopeorastbregashck i ear

nue eic g«%@%&myﬁw bl S G SO pradudt CVIIL, Pipuce 2A-0) hybridizes o froe
- TS0 oligonucleotide to form the partial duplex IX (Figure 2A-C). Complex (duplex) IX
comprises a double stranded portion at one end aind two non-complementary single strands
respectively derived from the primér extension ptoduct and the TSO: The double stranded
20 pottion 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 p’rgperti‘@s 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-ampliﬂed 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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invention is linked to transcription fromthe priner exteniii on roducts to
provi de enhanced 5 nucleic acid anplification. A schemati #0ption of
thi s novewoanpbgssi cati on nethod, Method 1, is shown in Fh,gllt 1& The
TSO based nucl eic acid anpl |f|cat|on nmet hod of the i nventlon errp oys a
single conposite pr| mer, as descri bed above. A second oligonucl eotide used

in the arfisAvence it thetest saenpo carobe- tdétermined.nFumier esteasiéreofthe hew aiplifibation

oli onucl so as ,desc¢ribed 10 above. The anplification nethod
of '? he |nvenwon%?s8§§°%’?8"q‘ Yfsratienapdsegyensing of ﬂm»(gebg\ppc}q@aqé are also

ri bonucl dfessibleusldessibbNBa8w, and a DNA dependent RNA pol ynerase The
nucleic acid target to be anplified can be DNA or RNA. Anplification of an

RNA target will require initial cDNA synthesis, as known in the art. The
i nvention

new TSO ed |inear, anplification nmethod of the present

15 can proﬁg 5rru%?(‘{c I"gq‘éed'ﬁfé’gs%)"%‘?” ysleieianid amplificasigbus (i .e., sense)
to the target IRboth&EMtRIAGRent cleic acid.s
conmbi ned with the conposi tec%r@%egm}&@éq gonsl%lag%h)@@ egtﬁﬂdﬁ%srase,
ri bonuc| dBeBresent invasticeNadioked o mcdmﬂantme pidRedeXtensdh Fr&lucBro

nucl eotlg) dé? %% de(@f%%cl#)onu eosi de_triphosphates (dNTPs) and 20

ri bonuce ‘ﬁ\aﬂ wﬁq%msw&a@@mwmmgdm table for

nucl ei ¢ amiplificid, Mbtodtd, Qﬂnﬁ{'@oé t S i

Sui t abl e rg:ct i on nedium an cowyofr@da@ﬂph&%‘k g'\rlgpﬁge§s BWénf:ﬁgHr one
entddi me Dy ranscrlptlon S perforrred at a different tenperature,

general l'y | owgg, of. the c.edl ng steps n anot her enbodi rrent
all the steps o? %‘ﬂe M[L%hﬁe sxgglg ?s%’t‘ﬂ@fi?fﬂh ribed ghove,
enbodi meatblockerseqaenzt cbinpoidnd waﬂﬁteita& dnrtﬂigdéﬁc?e&a%gah Bﬁ a{uuz?,ﬁ&c of one
I dent'i ca@ﬂg&q@ ILn apot her epbodi nent, each anplifti cat on ‘reacti on
i nel-udes g?ﬁi)%‘%?"tcelsrfﬂﬁhﬁ' rablRaFP hyheidize toheseguendeton thasammt s
. I epr esentargstutleid RidEstRAT R4 al vvherel n
“all_are gt%abl e of hybridizi ng % k h s’arre 3 g%‘?gmﬁ‘fc?&g‘éﬁ?" %}fcq fuence.
ThdShono tesaplate SBEOD iwhich, de descripyd aboxp; edmpriel ¥ 3BpoftioasihicbRAblI8% 30 nore
pr ef-er aby;: 5% t preferably at |east about 90% '
Advant ageé @Pzé ﬁf{ﬁis ‘%@%’b‘f %%Pl% PEIYS?éOtthFe?‘ =5 jof the displacediestensiondi f f er ent
sequenceproiics ﬂﬂ@%%ﬂdﬂﬂu’bﬁ%«ﬂ'@d&%f*’? &%ﬂ ! 25104
primer extensi on_products. In yet another enbodi rreng)%ggp&ﬁo lql(;lr gﬁ@ét i on
r eact i ondependent RNA polymerase, As in the TSO described above, the sequence lmmedxately
adjacent to the promoter sequence is designed to provide for preferably optlmal
20 transcriptional activity by the RNA polymerase used in the amplification according to the
method of the invention. . The blocker sequence component is designed to hybridize to the
target sequence at a site which is located upstream, towards the 5’ end of the target, relative
‘to the site of hybridization of the single primer. Stated alternatively, and as described
above, the blocker sequence hybridizes to.a segment of target nucleic acid sequence 5’ of
25 the position in the target sequence that is complementary to the 3’ end of the primer.
extension product. The blocker sequence binds with sufficiently high affinity so as to
. block primer extension at the site of blocker hybridization to the target. This feature

[provides a strong stop for primer extension by the polymerase and defines the 3 -eud of the
primer extension product.

30 . AsinMethod 1, the target nucleic acid for amplification according to Method 2 is a
single stranded DNA. When the target nucleic acid isa ds DNA, the target is first rendered
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I ncludes a m xture of conposite priners,.wherein the priners represent two
or nore non- identical sequences that are of |ow or no honoj pays J@hd

wherei n tyve diioesers preferentially hybridize to differen ..pucl ei c
acid sequences or different sites along the same target StP?u@ &;%S@{:Ji d

strand. Advantages of this enbodinment include nultiplex detection and/or
anal ysi s ¥nglesiranded by dersterationd The denatgrationf dié s BINA targdt néayVe\easicdont Of
target n }ﬁ%{? gci d ‘aﬁe%s in ingle anplification reaction. In one
enbodi nent?, T rhas PEE S gNa method kapown in the gt such s alkali srsatment Whes a
pr opr onot ghe tEPEYRBIR actdis RIPAD %@‘%ﬁ@u : rise
aproprom)tert&glo seq_uencg. I'n’ ﬂﬁhs e ogﬁn%rﬁ[,éagsﬁ?sgﬁqgﬁgt%&c?@g%ce S
provi ded Befhodskuswn inthearotdiprodate goDNA @@t is dfen amjlified accorfihPro thBat

nt er .sequence and is hybridizable to the 3 portion of

co | ses L, ORLO

thg%pr | -rre'?lgg@g«?gg\edﬁveﬂf‘%uct. such that transcription of the primer
Pybr i di 26 Lo t s Saae s quilg, Sid e KRB Sl gl bl oa. T
two ol i gaprimtietiblekenmmpvacat dedproponidier teRplaleyPTOYSDRA! RilyRérasOnt ai ni ng
the nucl e'.l%) acig%ﬁt arlgetmﬁr i_ oﬁém he target nucleic acid denaturation ,
step. HyBPTEMFEEICSHORES Rijase; 2 depsadens RN polymersse, andryeleotidasasugh

resul ts iz NT®s (@, NP Rnd PNTPEE ab W Xalso fcEi gqur.e 2A-C). A
DNA_OpoI yner ase (Eg ries 33? pri %rﬂg gﬁﬁ%ﬁ%&%’%‘i ffe?‘kllta(s{?ll:ee Hled al ong
t hd¥ 20" traedjum and eprditionsairelas deseritied abaverial o enboingsnt, ahe farSbripigh i 0 t he

site of TS Wl Aatl.on., Tenpl ate switching fromthe target strand. to
the 5' u}%%%%li 1itce!laﬁ %J%Jreﬁ ﬂSﬁ‘pSf egef’gfﬂ,"&jﬂﬂﬂ’ thap that of theipresedingistapsi b al ong
the TSO tamothentmbédiment sll it st&ie SfAhOReitRAs 8 H%‘SE it cﬁﬁln%? | ar conplex Il.
The | ast conprises a_target néu%l eic acid, t r_\gE.T , t';E';(tfnlélot e l?'r st primer :
ext ensi on prodd@pe cqahgﬁ;qepg cach amplifieation nesiction inchdes cormposite pringrssofioha
conpri si HaerdizalRbtene. A .-_QSPSB riion.(i. e. eguence .
conpl enentary to the tar ge;&;eﬁuc el gﬁ%c %}’O"a‘aﬁ@ﬁ%“?%&aﬁéwﬂf&ﬁ%m
(i 18, safsempesitcqripics veriants,wheareinfthe wm&fkgbidhdtw@efhb%&ﬁoloédiﬁ bSO
Conpl ex lrlonﬁiﬁénﬂ}éj:%le 2A-C) is a.substrate for both an. RNA polynerase and a
i bonucl ease" s ueﬂfés@“‘i—i.wh?ﬁén efapaiieiel-hybridiisg lo the sametargetds to t he
30 f.unct irmoRic stid 'm&.emhoﬁﬁmggq - e.{t@ | R foad b 4ok TET
extension pr oduct_??o produce a s nﬁdu%{%]gr 0 g%ﬁﬁf%ﬁ?lgiagﬁerag@{n&%%
ri bonuc| &BE preferahly st lepstabout 75%hanshmdst prberatily 20 R3St about 90%. Advantages of
- this embodiment include the ability to introdvce different sequences of interest into the:
20 primer extension products. In yetanother embodiment, esch amplification reaction -
~includes a mixture of composite primers, wherein the primers represent two or more non-
: -~ ddentical sequénces that are of low or no homology, and whérein the primers preferentially
hybridize to different target nucleic acid séquences or different sites along the same target
nucleic acid strand. Advantages of this embodiment include multiplex détection 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 X1 to form
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3 1 AUG 2005 PCT/ US00/ 25104 is specific for degradation of the RNA, strand
of an RNA/ DNA het erodupl ex, degrades the 5' portion of tlie MG

extensi onwprposess i n conplex Il to formthe tri nol ecul ar Pg.g}ﬁg+£%.4l V. Free
conposite prinmer hybridizes to the prinmer conplenentary si 15 t ar get

5 nucleic acid in complex IV (Figure 2A-C). This hybridization results in

f or mat : 'or?omp, l@@ﬁg | Giguye BA-Br As?&sﬁbcdrabm : ',m.dgﬂj-mh _% ;gbggﬁﬂdef?@%akméme t
genera ’ , . prinmer_is hybridized to the targe
rrand. B Ryeg R 3AmR A e, and gbes no digestistele granied R cHuis e
product kQjbonbidleate doBYR ' Lal: ré di imer w il
result in formation of&gg%ﬁgﬁvﬁré%%%égh%'%ﬁoﬂh&ﬁ% Sgépgir%strate for a
DNA 10 gdumredse ll’:m Mdi)mfﬁﬁmdeﬂiqbfidiz:caﬁ?% g}n;ypgdifmgcqnyngsuh?sr atofthy/ .
i gure 2A: resul.ts i i s nt of e firs ri mer extension produc
fr o:% t he%é‘ﬁ% F-&‘%"%B‘&QF@&’YpﬁFgﬁﬁémém ofithe mt%ﬁ primen(XY), poigreent s
resul t i RxeA56A ahd | I« l.ynuc 1des that .are at

| east substanti al(fgigglg{;rcb. e%ﬁ%ﬁ“@@@%@%ﬁpﬁ&ﬁ%ﬁxgk @?Ybaeﬁoﬁf’elaaﬁénpri mer

ext ensi oMpthedilide yipkhmuitipi capicsiof i idixpthcadd exensicn prodstt T VaD! ket f or

15 transc&r-g tion I?j‘g&l%?qﬁg) di MEI’EI n TSO that conprisés a propronoter
sequence ﬂﬁ“ﬁ‘?&%l’ e °§P‘§IBE Pl ipfullymomplementiry to (he dargettsequdnee and=i gur e
2A- C) hyldoeshot @6 : ' ' i f h rtial, duplex
X (Fi gure o complse 1 37 6hd poriaph M HGL b feddly s8R ket Mfmenidr i on
?t 1 nehemnmextsmrw@nd@w éisghbangntstdsglthgdneﬁﬁﬁﬁogﬁwbl de}p{@d%f (cjieri ved
rom t he,py./ Lan" product and-the TSO, - The double stranded .20 °
portion 8&”?’@?‘?&%?@%&8&%&“&@%\?& the target,nudleie agids | onal - doubl e st r anded
pronoter for ﬂhe,prdﬁh%emm@udeaﬁ%dﬂﬂéleaﬁké/(ﬁ%dﬂbﬁlé &l?%a&i_d%nkﬁ t he

pronoter of, the partial duplex I X and transcribes the ‘priner. extension

product - PEPIUERK ! ﬁ'ﬂléxmlweé%ghw lizhvidizatiamofithe X’ ¢id portion @4 C) .

The prodggihe b, 144 | | bed abgve can be .detegted b

oo B e et B8 bl AR ef R EeioR vy

i ddAt i f i Sescribed abpve,the 3 hend of the PTY aiay be bluckibértiots Whendké 3 9madfmphor esi s,
| fic probes. The detection of the

 anpi 11 LB Etplate & 8 Blocked. 1o oraplate vl be evtendedrlangabe disglerechuci ci c
. acid.  Quptitret altéastoriitoduct Thd 3 ﬁdwﬂ@mﬁw&&nﬂﬂ% ﬁ%ﬁ?ﬁ@l:ﬁcn&m b&ﬁggar ing the

“anount of product anplified froma test sa alnrng an nown

.anount -oRUgeQside (RN pelymarrascadongitheB portign gsee Figne¢ 3AdD)efthe hbridibal ' pr oduct

. of anpl'i bidpRshattr Rinplate {oeifoﬁ{x%gﬁx%lesx %vﬁic af:oé‘ﬁ‘;?sq? at its one end a ds promoter

20 sequence that can be utilized by the DNA dependent RNA polymerase. Complex XIX is
depicted in Figure 3A-D as the product of hybridization of a promoter template in.which
-the 3 end is blocked for extension by the polymerase.. Alternatively, when the 3’ end of
‘the promoter template is not blocked extension of the 3’ cnd along the displaced primer .
extension product results in formation of a ﬁxlly double stranded co,mpiex- DNA-
25 dependent RNA polymerase will transcribe the extended displaced primer extension
product of comple)_c XIX, in both forms (the choice of RNA polymerase must take into
-account its capability to transcribe from a ds and/or ss DNA template), that is to say either
the partial duplex or the fully double stranded duplex forms of the complex. . Multiple
_copies of a single stranded RNA, products are produced by this transcription step.
30 The products of the amplification described above can be detected by either

homogenous or heterogeneous. detection methods, including identification by size and/or
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known quantity of a polynucl eotide that contains. the target sequence, the
anount of target 48 31 AUG 2005 WO 01/ 20035 PCT/ US00/ 25104 se n};’ﬁgle in the
.test, safi)fi/peyy be determined. Further extension of the re pi1 fication
net hod to ana{ysi s of sequence alteration and sequenci ng JICTHYRI0ZEMYet
nucleic acid are also feasible, as described below 5 Method 2 -Bl ocker

sequence- igratibreproperciesliniiet blet@omorai@ BPbT il Gadib R n o k@Rt her: dj ment ,
t he bl ockﬁ ge%nc?- basergg_pl [ ne%l?@g%ﬁ%?ﬁ%g#%wn@Pﬁ%%@ﬂ&t%g&ggggo. v

i nvent i onti&dqtesten of the amplificatiom proguct is inditative pf thepresentcofthOarget a06iES t o
provi de e&lﬂfn t{@élﬁ’ ' cl.d anplification. This alterpative enhanced
linear anpli ?lﬁ%la | oﬁ%ﬁ}ég‘ﬁégalé‘ﬁ%ﬁﬁf%a%&w » Pheampasing thesmountef swi t ch
step, is produa amplified from a (9t Ay %MS{"' LA eSingl e composite
prigr,. as i,n@l\/‘gt hod 1, %S deséirnl: e g’glg\?élmkg&wg%ﬁ{el&os d’ﬁgﬂ’&"éﬁf}% onent
whi ch i s OHHRIRE & targef sequange Ietheipdedust ofamplifi@ion of £ ffedfce saaipld @l hadhli Ch,
as descri anqnﬂﬁ){ IS further .able to hybridize to. a sequence on the sane
t ar get nul§1%e| C acfﬁa dsft?1 rpgﬁvalugl@opﬁeeﬁugr eRptaing thefarget ssavenge. the amount of target

ol i gonuclsequénde in the eesp 5P 04n BEd e O) 4 Vi cribed above,
conpri Seﬁp@?&ﬁ%%&%& S ai):igﬁ%‘g& eﬁ@/ﬁ%é’i‘%@fﬁ“&@%ﬁ?ﬁ?ﬂ&

conpl ene ! tofanallysis of sqyjuanechieritions andiseqRémitpcof therd a

5' ‘porti%%ﬁﬁié&ﬁhﬂﬁw% i??% 5. end a sequence of a 'grom)ter for a DNA
dependent 5 pol yner’ase, °fl lﬂ‘i‘é TSO descri bed above, the sequence

i mHHi ately adjacent to the pronoter sequence is designed, to provide for

pr ef er abl ptinmgl 20 transcriptional activity by the RNA pol ynerase used.
“in. the"‘iﬁ%f’#ﬁ tstng fles praplificatipm dnethodstand ommpositions of ihe iisventioni on. . The

Mocker sequen hS ol Q. hybridi.ze to -th target
sequence at a(?lgliet e 5% ?ﬁhi%ﬁpgggbgﬁﬂgépmgﬁ]mx g0 beqused forgvaristy efhe
target, PHERoses. JEor putpostseofdllustratibn mbthobd ofaeljGhcitiz gaRtypingRicRid 45 -

St at ed alrﬁtﬂ%ﬁ@f‘&&&%ié%and-as' descri bed., _ab_ove,.the bl'ocker sequence
hybridizes to a se figpantay preparafion using the amplified aweleicacidprodacts he
posk3t i on gemerated by tecomeths@OOIARE Brdsbtlinventi I V. Q. 3..end of the
primer, extensi gn pr qduct . Tﬁg bl ogﬂ%e?lugg’%g%%s%%u%ﬁ%saﬁﬂi ciently

- hi gh: affF‘FﬂW"?é""a@e%bed@l'ock primer extension at the. site of blocker
hybridi zation to the target. This feature provides a strong stop for
primer extension by the polynerase and defines the 3'-end of the priner

ext ensi o stequencing of defined nucleic acid targets using the linear amplification method
of the invention o " o
20 ‘The linear isothermal amplification methods of the invention are usefiil, for © -

example, for sequencing of a defined nucleic acid target sequence. The seéquencing procéss
is cartied out as described for the amplification methods described herein. In addition to
the'nucleotides, such as natural deoxyribonucleotide tri phosphates (ANTPs), that are used
| for the amplification method according to the present invention, the sequencing reaction
25 mixture also includes the appropriate nucleotide tri phosphate analogs, which may be
labelled or unlabcuod, that upon incorporation into a primer extension product effect
termination of micleotide 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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30 .. . As in Method 1, the target nucleic acid for anplification according
to Method 2 is a single stranded DNA. Wen the target nucz:i)eic acid is a ds
DNA, the target is .first rendered 49 3 1 AUG 2005 WO 01/ 200386 2005

PCT/ USOOA$8 4940035 N9l  stranded by denaturation. The denatyati the ds
DNA target nmay be carried out by heating or any other knom-?r@?ﬁg}é known

in the art, such as alkali treatnment. When the target nucleic acid is RNA

such as miRibertofithetspegifit bindinig pair, sudtMatictid drdnseplabidih, Répedtivelyp dathiiown i n
hat is then anplified according to the 5 nethod

the art to produce A t I
of the ifﬂ%%ﬁw*ﬁﬁmﬁﬁe%%@lmmmwa@wméthq&cné@ﬁﬁnnéq with

t he sing j ' o . ter
Lepl at o TR R af ST 04 ed bp ko IAIOH Fhloriciaf, BUSRRAYSE,
dependentchéihfuminegcsncasall ofitd aboet eximplesarewitlknons iNERar( ETlgse a@NTPs and
rNTPs), as was described, for Method 1. Suitable reaction 10 nmedi um and

condi t i oR@CORPQrated 1nfa dhe privasr exisasion produshby theipelimesase and serve taistep farther on i s

per f ornme A d t ner.al | ower, 'th t hat ,of .the

b ccodt ng R o heiipel SAREIG! ThE resbiNg nvated SiGtonroiRe 8BRS o e
per f or neThesotumulard multiple dzpRcalpisicr@iénsi@AsbdiNary irclehgthhadcoaliig ©n

i ncl udes conposj.te prinmers of one identical sequence. |n another -

enbodi meie MW‘&M‘P@QW@%@@Q&B@Q&S’ iwhich epeesent thexvatious seggerge conposite
rimer vgsd ' | or nore honol ogous but
IEl)Ol‘l-i dehﬁdggphi%%uen egﬁcﬁn&gﬁgﬁér\é%H%%gpﬁﬁ%%?’e.of hybri di zi ng to the

sat® target rAmalysisoofdhe actgproducts fos elusidation gf seqaaice Gifommatiterdantte) i s

f er abl t, | t ab 50% f er-abl t | t apout, 75% d
D i e BROA e el Wi etk ot meBo e O got | o e
the abi | eleétrbphdresis Al dectibh Bﬂh@fl&bei&fls%&i& Gﬁn@&p&ig@#}tﬁi@%ﬁ geﬁhgﬁciﬁé) priner

ext ensi on products. In %et anot her enbodi nent;, anp on reaction

i ncl udes g8l slestrapheresis anddesedtioneofth¢ radiclabeldddmed dircdtly yrphosploremenasent  t wo
or nore ' s that are of, | ow ng hafol.ogy, and
wher ei n E He aﬁr%ne@?%@k? e;ri' %f‘fgg%r A '% Ipﬁc&fr%hc{r%ﬂsaq%%?gﬁ 3 g\?‘E%‘P' nucl ei c
acild seqspovific farithe kbélf asedrih tiki resion] Aiththé Nike.STH@ElabéllcaR alsobeql 16iagd F6viad
strand. 'ﬁa{dant ages of.thi isoggb‘g&l ment i ncl ude mul tjpl ex detection and/ or- 25
anal ysi s %P’%éﬁm Ws}lf’ﬁ’é*i dordeteqtion of thedabal in combingienovith ap eazymg t v of
targel nughmbimd &5 bi el i , Wipal] g :
singl e _com:{ggi te priner %ﬁg t Hiég%?lo%kuggﬁlg%aqule?\ce c%pone‘?{tﬁn. (ays%r?ptéi“-zagiat o the
.. conjugated to an enzyme. 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 representing 1 of the 4
nucleotide types). The choice of method to be used is dependent on practical | .
considerations readily apparent to one skilled in the art, such as the nucleqtid;é tri phosphate
analogs and/or label used. Thus, for example, when _chh of the analogs is differentially
25 labeled, the sequencing reaction can be carried out in a single vessel. The considerations

for choice of reagent and reaction conditions for optimal performance of sequencing .
analysis according to the methods of the invention are _s,it'nilar'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 inventi@x_l.
30
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sane target strand to forma tri nolecular conplex. The priner is extended
along the target wup to the site of hybridization of the bl ocker sequence,
to formconplex X11(Figure 3A-D). 30 As in Method 1, a ri gnﬁtﬂ'ﬁ such
as RNase H, cleaves the RNA portion, generally the 5 RNA por 3 of t he
singl e cOMPOYRA85 priner of conmplex XII to form50 WO 0112@0BAIS00/25108UG 2005
PCT/ US00/ 25104 conplex XIII (Figure 3A-D).. As described above, the enzyne
for cl eaV| ng the . RNA sfrand of an  RNA/ DNA hybr| d, and does not
di gest si e Ll R pa¢ guc l ccacid tapgats wsing the eplang C2fegr ade t he
free co mﬁeaﬁgdﬁgﬂ,odsT th . MMI lustrated in Figure 3A-D

of primer he 5° end of the 5 prlner
ext ensi o n pr od"tmlsctlptwmbased s@\iéncpng twas préviovstiedssoridsn, for pxanifilé, Sadaki et.

pri mer the first prinmer extension pr oduct
(XVI), p ﬂ%'wé%&mmomﬁ%m of.tNIPs maalogsy whichgnay bedabel bsroaced .
ext gnsi omnRbekiLC :

XVI rg s fuI 'y conpl ;mdn%lg?lyaitag@#te@?grlggé%s%%%ce é%%%d{aggﬂ orrprl se a
3' end ppolymatizatiorcin the reacti mmrmmrlbﬂﬂwenhmeﬁhm Ardingpifi ethb@shwil .
pri mer gxte sions, apnd stra Otﬁg acerrents resul f in rﬁgtrl?ta?on of rrgl tiple
copi es ofcs“B Fﬂ?&f’%ﬂl‘?éﬁ@cﬂ Qdyicts whichrgsu) tﬁr@m% rafdhe RN4 ei c.

acid. Th BinkdRie F‘po% aced

ext ensi o%? pr odu?ls s%@m corrt{) ﬁﬁlbgﬁ %‘Er@%ﬁ&g%a{)? %J%g?gg'%g'ét i on of

the 3' . thecharpobhd lost am)nconpbratmoppmne dmdoﬁrplém@mh@txﬁclboudm ﬁie dizpthced t he
slBI aceg ten i on, pr oduct escri bed .above, the 3" end of -

t he PTO n§§5%g985°§éxf °r pat W"’f"ﬁé"@” do te method psedMsthodek o8 enpl at e

i's not bMuheiR).the tenplate wil'l be extended. al ong the .displaced. prinmer
extension product;:, The 3' end of the displaced product will be extended by
t he nucI“eotidé‘ai)'BN&f%P%m Predugtofog erduedmofcann(caeemfw@menM- D) of

the hybr i gie8du PRI QLM co I h, conpri ses
at its one eng om)togguégg@eque %%ﬁo@ﬁgb@@ﬁ? t he DNA
dependenmﬂdﬂb@ﬂeﬁmnbeéabﬁmfpteequzsheingsfdemwdqmeréwmﬁagguw%th'@ as the
3guct ri |on ohg r ono er t rrplateln which. the 3" end is ..
bl ocked %‘2‘?‘% %& %ﬂ@ﬁﬁﬁ?ﬂvely, when. the. 3" end
of the pronoter terrpl ate is not bl ocked extension of the 3" end al ong the

di spl aced priner. extension product results in formation. of a fully double
stranded @gmbaspdasothctmal mutation detection utilizing the amjhﬁcauon methods of

the invention

The uniique propertiés of the composite primer for use in thé isothermal
20  amplification méthods 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 metliod is useful for genotyping, détection of mutaﬁon_lé:iding todrug
 resistance and the like. These methéds are applicable to characterizing sequences ina
regioi in the template strand which generally hybﬁdize 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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25 dependent RNA. polynerase will transcribe the extended di splaced priner
extensi on product of conplex XIX, in both forns (the choice of RNA

pol ymerase nmust take into account its capability to trans inggezﬁﬂgom a ds
and/or ss DNA tenplate), that is to say either the partial duplex or the
fully dod¥P&1203%5nded dupl ex forms of the conplex. Milti pPEIUSBBFYY. of a

single stranded RNA, products are produced by this transcription step. 30

The prod b £ ' ' Ve by either
nomgenocs onPleatcARer (b thighbo b HETE Lathd OB Ref O i B RS FRe R vt by
si ze and/sequefide A@rdiond08dpeded. HlatedMRmativell, HSQHiiD LApiEcs ARNK .
properties in | el ect.rophoresis; or by hybridization to sequence-specific
pr obes. P?Hé’"&@?‘?& CPRIRNSE & spguence that iseamplamentary fo the refarense seauenee @or t he

presence e ' ach da: ntitatiw al.ysis, i | SQy:

f easi bl e.c FO‘P Q’eﬁggrglg@e %y‘géc“g%%ﬁ%%@@ﬁ%mﬁ i t%eﬂgﬁﬁ%ggtd}%ﬁq ?cé%llsf rom a
t ests sampd be camparedii Ingonie entbodiments, e altered s@quete(DUStHR Bqudfcdcdiftisighi Ng a
t ar get s%nce to the_product of anplification of a reference sanpl e that

has a kAcANGEarisration) and thedpiernee sequence atsallelesnThe sequerive alteratjon may

sequence; %ME“%D' . in t.he St.. S | e can, be. .
determ nggta@ e anp ihg %gatfglhon or?b?ﬁ%lgg&g& P%&B?-ei'@%%‘“ Q%WP?%‘H‘G@W“&F so be
ext ended sclenmtighljysmarked by Sjincfigaread.t er at i ons and sequencing of the target
nucl eic acid, ;a w,__ 10 Methods using the anpl ercation net hods

s _dj scugsed bel e anpl e
and conpositi 6%%“95#%%@’05%%@6Mmﬁ&nﬁﬁ%ﬂ&mmﬁ&mmrdﬁéwem@
pr nt | \égﬂb' HR&Hd ' f s of
ilfaﬁ’sat ra’ltbie on, lrfecg{eﬁo stﬁesequegﬁuﬁg?ygfgh%%@nbge p?%gﬁg?gc %cg;ﬁ%rgg%@ziﬁfon "
det ect i omyid. Plasedelternapivplye hemaimerconprises ahRNAngiriibri(g)thatwohprisesaci d
product s by th thods of the prese I nvention, and
char act e P@‘cﬁ%@i% gﬁg@p %&c&&ry e'gﬁ g‘?ﬂ: &é’g"& Muclgics E‘.F‘{' 1s not ?%‘B&ﬁ’@feﬂtéfy to
sequenci g referelitt isefidned Eodxampld, d Wi ' |\ hid At i on
method gf (he inveniion 20 The |i$ga?§o§teﬁjei¥‘€r%f%§ﬁn%n S the38RUchtd £2L | O7
t he i nveMiq &5 Breet nysleiqacid isdp be enmppred; In some emphediients, e aliergd s¢quedcauc! ei ¢

PP AR ol 6 SRS e AL g i
The RNA portion, generally 5° RNA portion, of the composite primer comprises a
Sequence which is complementary to a known normal wild type sequence, or.a known
" mutant or a polymorphic genotype. Generally, a suitable composite primer coﬁmpﬁscs an
. RNA portion that allows the primer to preferentially hybridize to a target nucleic acid if the
20 target nucleic sequence comprises a sequence cqmplémentary. to the RNA portion of the.
- primer compared to if there is a mismatch (i.c., 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 $’-RNA portion cleaved. As shown in Figure 4, the
. presence of sequence alteration does not generally prevent the initial step of the
25 . amplification. The composite primer hybridizes to the target sequence, to form the first tri
molecular complex, and is extended. A ribonuclease, such as RNase H, then cleaves the
RNA portion of the extended primer of the complex. While it is likely. that the presence of
a mismatched base pair will affect the pattern of cleavage of the RNA/DNA hybrid, the.
cleavage is nonetheless likely to take place. The next step of binding of a composite primer
30 . tothe 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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t he' nucl eotides,- such as natural deoxyribonucleotide tri phosphates
(dNTPs), that are used for the anplification nethod according to the
present invention, the sequencing reaction 25 m xture alsoawnggyﬁﬁi the
approprlate nucleotlde tri phosphate anal ogs, which may be do

unl abel | 4O WRM3Sypon i ncorporation into a priner exten5|aﬁnmﬁmmmnt4effect
term nation of nucleotide polynerization. Such anal ogs are commonly used in

i deoxyr 1 DR GARERoQ net B YEinecnicnldne feabtion opttions Tt Betwrees or

[ adi of sotemsilercllis theafsigh ofe WhidsRE phifle stoctlintfib WindgGs Will Bl dyy eSS

SpeCtrOSCOB{V;p The | abel nay al so be a snal’l er of
a speci f i OUHNG i the axfaltis alsp possible Hrat thet reismadcl will inhibitgldavapdiofighed®NAhe ot her

A R B B g e

of thie biAfsther puRbibilteiR tHaldhe E;W%g ation
of a detect ablrgﬁslg;gzp t hat g%%rﬁﬁaggﬂgg@tégrgtﬁegﬁ% n¥§§§%luc 98{“&1@
ep

col or i metRYA partien pmer thuslll@uitingmrlewaeefﬁetenéy d)f mtplmmpeowcﬁﬁﬂl es
are wel | e art rporaged,into t r
ext ensi on p%‘ﬁt&? QrHrofiug ﬁﬁf' g@elgnggprqpmltgp%crftgm{%@#&e &S@nm on

al ong th&afg@f@&hs%%ﬂ%ﬂf&mﬂﬁﬁaﬁ@ﬁbtévbﬁ'@f&x%ﬁ?% ABioRsGaFL S are

| abel ed. . _The accumul ated nul tipl e displaced pr ner extenS|on products vary
in |engt tﬂ‘slﬁw%FH&Rfed“m of muitipl Oomaof)thcatnphﬁcmfonqmoducmt Itise anal ogs,

nucrdleotla'ﬁﬁgn the targe{tgés@a&? "r'}%ibtl’ ﬁ @%%OHBQH? a%ﬂaﬁcts f or

el uci dat ibmsecoén dsqm@mﬁarmpmﬁem:mn produdt, 27 qRatititative tBmpasdk of :
vari ous net ho Se Known a he art Such met hods i ncl ude gel . el ectrophoresis

and det e YR Bfacf:H@“t rthecompasitpienci ng
gel el eCtﬂrM%ﬂﬁ*ﬁcﬁﬂdréi&%ﬁ&t fdi Sxhifile Dbl By g @ﬂgse%wfs'y by

phosphor escence, such. as Ml ecul ar nam cs' r
el ect ropM@%%ﬁmﬁétha)ale@tm da‘tedta)le pmphﬁcauoilqmdtha thBzelys ed in

pr ot n iy 1% MOEcablE Bindhl, bSOt ot ieed tohpImRRG AT h an
enzynme mﬂ;ougﬁieadufa@oxthe bi ndi ng pr otel n, such as biotin-|abel ed chain

term nator ang tr ptavi din .conjugated to an enzynme. The | abel is detected
by the enzymat WMS@rPﬁ%mmmesanRMﬁcporgem@cmmayanBN@ct abl e

signal . fortild; ttm@mﬁny eofpRARNNSy 67 ARt §8RMod, Ambfificalioh of a sequence -
“~which is of the normal genotype will be prevented, whilea mutant genotype target will be
20 amplified. Thus, in this case the detection and/or quantitative detérmination of multlple
copies of the amplification product will be'indicative of the presence of a target sequence
b -~ of the mutant genotype. For éxample, pirallel 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- quanutatlve
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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20 the sequencing reactions for the 4 nucleotide types (A, C, G T) are

carried out either in a single reaction vessel, or in separate reaction

vessel s (each representing | of the 4 nucleotide types). IQﬁ z@gice of

met hod to_be used is dependent on practi cal consideratio% @ ly,

apparent WOUWR3SKi1led in the, art, such as the nucl eoti ®ETMUSPU/BEphat e

anal ogs and/or |abel used.. Thus, for exanple, -when each of the analogs is

differentially 25 | abel ed, the sequencing reaction can be carried out in a

singl e vessel. The considerations for choicce of reagent and reaction

condi t i on®-riusleotigié-basdd imhétﬁiﬂﬁﬁﬁﬂioﬁfde&%ﬁaﬁﬂﬁiﬁﬂﬂg u@%&ggm'bﬁmﬁﬁan&usr& to the
0

met hods of {he Lnvention are simlar to TOSe
descri be ng met hods. The reagent and reaction conditions should be

he prcsent 1 Ao aciBed sHEco R ¥ e 3 mes HiplebtacTasthothls -
PCT/ §S00/ ptimiér4s ussdab rbiabtediad | Sohéd &i&%@f&%‘?ﬁ%ﬁg@gm' t he enhanced

| i near Manplj.fication net hods (nmethods | and 2) o nventi on
© Transcri gaYUHizsionef gheydanestmyclratidenfahe coraposite gimer kealtarget nddeic esidipl e,

S ki et Al g - 3455534 1998, The . l.ust f P | ,
o oh oy BARA B RS s¥tensd HBte Arodurt el it st Sk B Hgto an RNA
transcri piuckid suid Soritaing ithwdelq@énce Uefihdirby @k X.WE{GSFﬁﬁélﬁﬁdé Bf ?19-%0[5 ion

S W

m xture for thg enhanced |inear anplification netho result in

product i JIIBAL. Redretianer alspnosof preduet amplification ol the dthenhast piodicatgs tiat thee RNA
| b4 £5.:QF Al ' . . SU| | NTP |
D o et il diE Beilcob A a2 e S Bt Bl B30 88 68B48 (ol cront ary

nucl eot i complenidntanyite pliead’arost Guelsstidesifthe ermapbsite prifhet."The Rbley@RE conpl exes
according to the n&%&od usedtdéNEthod, 1 or _Met hog 2). Analysis of the
react i on%ﬁ‘beé‘ﬁ%?@ ug to-polnt IRutation, sinslsrnuslegtide pelymerphismiiissianor carri ed

el Ude (fomen aos cedshce dnint ol tho3oadoll b (Y mos?, 01 ™1 00
targets M‘?Q‘I@%e 15 (non-enhanced) l|inear anplification nmethods of the
InVeation. one embodiment, genotype-specific primers, designed to have the 3’ most
nucleotide correspond to the various sequences at the variant nucleotide position (such as
_ due to allelism), are used for amplification according to the methods of the invention. The
presence of amplification products would indicate.that the target nucleic acid comprises the
| -sequence defined by the 3’ most nucleotide of the particular primer used. The absence or
20 lack (in comparison to a reference nucleic acid having the sequence defined by the 3’ most
- nucleotide of the particular primer used) of amplification products would indicate that the

. target nucleic acid does not comprise the sequence defined by the 3’ most nucleotide of the
pparticular primer used.

25 Mutation detection based on single stranded conformation polymorphism utilizing the.
amplification methods of the invention : L _
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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RNA" portion-based isothermal nutation detection utilizing the
anplification nethods of the invention The unique properties of the o
conposite priner for use in the isothermal 20 anplificati orq]g%[ﬂgﬁi of the
i nvention provide- the basis for an isothermal nethod for the” ction of
defined nYOMEYRE or pol ynorphic sites (such as SNPs), i PCITGSEY/EHNM nucl ei ¢
acid sequence. The met hod i s useful for genotyping, detettion of nutation

char acter | 21 noPalih 8P e dagfepoid ampbBeaian medod B Bl ™ © 1 °
gener al | yedhifdeld dinésr ArfplificatiGhithelitds (RRAY Hc&é}g)e?:iﬁmﬁ?% Suiibld ¥oF singleence

reference to "defined" nutations, which are ternms of their
| ocati on. Sﬂﬁnécdmnmolp@im@phldms(S&GBmeSSGP) bired nfusationtdetentéorh dasafhr t he

ds DNA
arget orase R Prodyet P Réw aRpERGHEH ritinodal stle MBS GG known | n -
th t. |1
the ar lﬁ&tx@ﬂ,’%&ﬁéﬂ%@%ﬂﬁhfhl on'l &%ﬁtﬂwﬁ WGMﬁt tlﬁsr&le ca y

illustrated in Figure 4 , ortion(s) of
conposi t epqgsmneofagcnweshlgheeﬂwmmnd@ @ttudtﬁ&%n i single ft@bed WﬁdﬂSOO/ 25104

be conpl nta.r nce of th t nucl ei ¢ acid in which
t he p?gse 8“%“5&5’@&%"&??@" qu,g 8 %Pﬁ?—ﬁ natively,

the pri ”E{)reﬁb%@éf%ﬁtﬁmu@}%d@@ﬁcb a{es%mfab ﬁfi§e that is

conpl ene e reference sequence (for exanp , d type
sequence)w&gmawﬁhaﬂﬂl@mhmae@bmpaemylﬁmummmheds Qfahgpmm:xwgntmmnwcl s 5

co 0 nt altere , the
seqﬂ@ncen@'e%ﬁrﬁ)gll"sdf%&g)% %ﬁfeqegﬁe%ﬂﬁf%ﬁ&f“}@% 'ﬁe@ﬁ' “sequence are
al l el es. frdlymemmmneaclahéamwﬂiphﬁwc séparation Mgthed fotcheidentiffcationdf i t ution,
a deletion or, i niﬁ(&t ion. The.site of seguence al terat lon_is schematically

mar ked bySPREHiG mq Wé’a&tcm#thmp&lsls oheforte ebusidation ofthest ¢ he
sl teptli’}&énes}éfc!)%co be “pr esent A Pﬁ&mb a &‘lﬂ&% b atd gaggt at ed

sequence ‘suspecte the'tes rget nucrer e aci
al ternatlaoadgacmrgitmefmmusbmaatd RNA port lon(s) that conprises a

Seﬂé%g(r:neani 2?; | Smoﬁﬁwma he tz’%%ﬂ%} et nuc e| C,, n&i?’%a%ol S not
sequence)thedaletidn aHd zﬁﬁb‘sﬂ%f&ﬁ&%ﬁ%@mhﬁle stranded confonnatxonal isomers. :
‘Alternatively, it is also likely that cleavage of the single stranded DNA or RNA p"reduct '
3 using nucleases which recogiize sequence dependent secondary structures; may be useful
for thé 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 poteritially more suitable for hxgh throughput mutation, or gerotyping,
- detection methods. ' : - ' :

The determination of 'Sequence specific electrophoretic pattern for & given nucleic
_ acid 'sequcncc is useful for the detection of specific alleles of a test sequence. Furthermore,
25 itis expected that an electrophoretic mobility pattern for the various alleles could be w_éll
differentiated, thus allowing the detection of two alleles in a single genomic DNA sample,
as required for heterozygous genotype, or multiple alleles.’ Any alteration in the test
‘nucleic acid sequence, such as base substitution, insertions or deletion, could be detected
using this method. The method is expected to be useful for detection of specific single base
30 polymorphism, SNP, and the discovery of new SNPs.
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the test target nucleic acid is to be conpared. In sonme enbodi nents, the

al tered sequence 15 (i.e., the sequence conprising a sequence alteration)
and the reference sequence are alleles. The RNA portion, ﬁr?eAr El b&g 5" RNA
portion, of the corrp03| te priner conprises a sequence whi ¢ u

conpl errenWé’r‘i”PQS‘ a known normal wild type sequence, or a KHGWS00/RUbant or a
pol ynor phi ¢ genotype. Generally, a suitable conposite prinmer conprises an
RNA portion it al.l ows the pricner. to preferentially hybridize to a

tar get nuetrere—atHe- 2 C sequence conprises a sequence
conpl ement ary The dififle strided f 2‘5‘“‘% ot here
Is a m smatch. é@gﬁg t he pr?lrgrg%éeme e n&togt@%"g%éﬂgﬁgigaagﬁ%ﬂﬁidt tar get
does- not , methods Apangithe enhanced lin¢draniplifgetiommethods (RIAY désasbabound

pri mer. xtensi on d has . had,its 5 -RNA portlon | eayed.. As
shown in gﬁgg@ygrc ltaﬁtécul% ye%'éﬁhlﬁafgf PRepATing microarrays SPMPFSing dhe CI fGa4RnY al |y
prevent thedadig.ti al step of the 25 anplification. The conposite priner
hybridizes to the target sequence, to. formthe first tri nolecul ar

conpl ex, and iSevesal uesﬂarcwcﬂdmdvaametheamfdsrmclﬁhgaaclbicabidsmsbcdﬂves t he

o P BB b ST POt DB ol s o ek
cl eavage, éti‘ntatnheuﬁW@MnJ&B&bléofﬁﬁ&hxﬂén%V@&ﬁnd' sSLEARE I B0 dhifiE g% po take

pl ace. The next step of binding of a conposite priner ex by
hybri di za# desivative efan @ningRroupmranothengtoupyeit mpositivesrharges ﬂit@ﬁtelah;phﬁed

preygnt e tC his,e I s . depgend nt n factors such as the
Si zie/@of t ucl@%a%"(ﬁ%%ﬁ% 0%323'52‘%6‘5 5846 subsigte; %HE
ol i gonuc| glasistide,avtdck h@os&dmﬁﬂmd&fydbbﬁaﬁmw&vém&w&% lell‘ﬁu“rﬁuf actors
are conside de5|gn of the conmposit lji;)rl mer,, according t

in
t echni qué‘? d'“ﬂ?t t#"'ﬁlﬁf‘?‘ﬂ’éhﬁ'rispﬁéhmp ed produgt and beeosich| e that ‘t he

m smat ch Qt't&h ony

pri mer, tdt?tﬁieg‘rleventﬁlgttﬁﬁg rrp f| cati on 0 tﬁéh#tﬁ)’sgﬁks%%eﬁggpo%ﬁlmot her
possi bi | |q11ycap§utfmchpmummatsoknmmmgusdmtbmm efficiency of

cle age artion of rimer uItlng i n | owner

efflﬁell ency '/? |'E’ﬁ{]$8?fn3f‘d5h33/§gt ‘iﬂ'g BorgwmL; £ cati on product .
The i nabi, | ity Nﬁadlhﬁnmééﬂsttﬁ thY prifer W&cﬁ%ﬂd‘ﬂezl&cf SorfvBRed idfed@iveat this

step of t he anpl jfication prevents further steps of prinmer extension strand
di spl acer@RYPSIA alsp possikle nsing srethads kinpwa in thei act Aty attachmenpt fofiuckentides of

ipg microazays of nucleje acid

b oduct s ahk borBost pHAE Wil BAheld Bt b e Ulgh hlaBo DR b b e ik "' 00

of the present®inv I'on can
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 produots, 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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based on absence or presence of a primer extension product, or quantitative
conpari sons of anobunt of accunul ated priner extension product. For

exanpl e, when the conposite priner conprises the reference @ﬁﬁ'g@ﬁe (for
exanple, wild type), the presence of a nutation in a targeg _ may

l ead to nwod’é{zgz%gabl e anplification products; alternativelBCTUS802504ay | ead
to detectable products, but |ess than those produced froma tenplate strand

wi t hout t ' onppsite prinmer conpri.ses an RNA portion,
gener al 1y o g of e Benbhficd BRRRB Siehus it pfRBRIasEg clenthentlft
genot ype, temphite fiscleit acid peésent IOLaTICsuspEddr dontating Sd RGRARE nE@EIET Y PE
w Il be preyented, while a nutant genotype target V}A'n$| be 20 a#plified.-
Thus, in ¥¢s case the detection and/or quantitative deternination of

mul tiple copies of the anplification product will be indicative of the
presence of a target sequence of the nutant genotype. For exanple,

par aj | el Cempésitiovts drddkitsiofehé fiveriidper the nucleic acid sanple of interest
or reference sanple of target nucleic with a wild type sequence could be

run. Accunul at 2 fowides eompositians apd kitsiuged in the methbédsrdesoribednpar ed
to the | r s woul d be indicative of.the, presence, of a,nutant
genoty peal]i'l n ’hgﬂg an@&égl@&wl X Pty com?‘ﬁét Tegelian mﬂﬁ\é"ﬁ a{lﬂ@f infrmediatee

pri mer codeseritedhereid, asfhéll oty oamdindioh. For dhiple, deOMPEAGHProVidesla0 @ nor mal
genotype sequence of the test target, anplification of a target sequence

of -t he mﬁ%ﬂios'g@ﬁ&t’%‘asms afompesite primer, avherein thetcomposite priiérpomprisestant at i ve

detgym n ?&&M | 49l I oneprogucts i s indicatiyv f a rmal genot ype.

30 %y o?ﬁ?ﬁ .qn% | |%%t]?§%&$r%}?§%’d§£%ﬁleﬁ§%l§§@tﬁ?' "ﬁvﬁ?ﬁP‘Bﬂ’%ﬁ”e sui t abl e’

s e o S L)
- gde-based_i sothermal nutation detection utilizing

the. ampl 1ENARORSR Hika SONA PORRE. o ois rmtsnumonts e SVA pRion f iacent t

conpl enerth@DNA/ péitioh ' €n Bnoth&rSd: ! af . DS L s ' - i s used

to characteri z,epfeitglghprﬁé%‘eonce gﬁgég%e%ggp%ﬁ%ﬁﬁeﬁagﬁgg&hmgmé§

Hybri di zompesiss primer, swherais theooiposité primerf coniprises iSpomidt 3 -PNArpertidne witht ar get

nuc{i c i of gm 1 r pri t ensi gn. . Therefore, pr.oduct
anpl Sff i ca ;k%rs]ﬂ ?%r? 1%at es :gtiﬁiala RCEQOW‘” °m$l§f’&‘%lﬂv8“%m‘§ €% he sequence
def i ned Hopmipositidn compeising a@boapositepihed that is AFMRP Hérdvatidbd PR httacRRENIfiaOn OF
absence .of product aErp ification, on the other hand, indicates that the
o - moiety capg)le of effecting attachment of a polynucleotide comprising the composite -
primer to a solid substrate used in preparing nucleic acid microarrays.  In some
-embodimients, 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.c., 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.¢., any of the embodiments described herein, including
‘blocker sequences with modifications). '

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

composite primer, wherein the composite primer comprises an RNA. portion and a 3’ DNA
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10 target nucleic. acid contains a sequence alteration that includes at

| east the base conplenentary to the 3' nost nucleotide of the conposite
prinmer. The Iack of the. sequence can be due to point nugqttAlqu Si ngI e
nucl eotldelqp ﬁrmr phi sm |nsert|on or deletion of a sequence. segrre
encorrpassw 120095 sequence defined by the 3' nobst nucl eot PEFUSIERS1H one
enbodi ment, genotype-specific prinmers, designed to have the 3' npst

nucl eot i e vari se uenc s at .t rlant \ucl.eaqt i de

nuc 2ot | o (ESAREEb RIS LR spit i BN ARR O 228 001 ng
to the netehnikatiod sehh@cbﬂ!’r@ﬂ&lh@@mb&i‘ﬁ:en&r ﬁx’% &ﬁﬁnﬁfo é CRH%C ts
woul d indicate that the target nucleic aC| conprise sequenc efi ned

by. the 3embrsdimenis,thetsrmination sequenpmista tdodking fequenee. lmdte chtbedmizntspthe or 20
Iack in refer nucl ei c .agj, Vi t he se uence defined

th((e 3 %@ft&ﬁ F‘t(g)t | d-eS&SFSQWAr?QFt{q d’&flé‘r~3 g?ﬁgeﬂo rrpl i fication
pr OdSJCt s exbddiments)dhe RINA ntii‘ﬁ‘d adesf %%Dtkgle r?loﬂﬁ ﬂﬂﬁﬁ%ﬂﬂ%lpﬁﬂ@pﬂese

t he sequence defined by t nDst nucl eot particular primer
used. . 2‘5’“!&9@6? mncrd@mnsce ﬁ’ -zad 33-DMA poitions mﬂtatd@ﬂmheanteh(enmgﬂlm

pol yrmrp t lification netho of the | nventi The DNA
or chfgt | o°r‘]’§¥"8§§’é?%‘s SB 1 EFHPRS &'MB}P&SF@&? 8 COMBOSHEPHIIS (g?at he
present i leotidécinptising & CrindidiRn sedueatd of any
alterati o‘?‘ﬁf‘ﬁ the target nucl el éﬂgcsle%u squ%ﬁcﬁol;asdéggarr%g@e)@%ﬁ

r ef er enc PIRAMOMOfE S&bteaceémg@nesmbndmnlsﬂ@@wmmraxabqumc& ispravideddty anucl ei ¢
“aci fh sequepse uence alterati,on d| sgussed in
thefbf ol | ow ngw%y\@%?pﬁ%%s% PRIpOSHFgUe WB@G%SX ts of .

the |i neaabomodmposrtamsdxarrfphhén coRiprize téﬁﬁl&@ﬁﬁh(cﬂ'%ln b&ib@?d

i near a fi catt@n net hOdiﬁﬁé descri be revi ousl y are sw tabI e for
single % %ﬂﬁ seHeandfart at i on
det ecti orRNA ndrase SThd &o @ra! ! &r’pl T,Qfa% thods is
not a substrate for ?urther |f|%at| quenc Hgaq?lggn

accordi ng““i%b ¢ bufferew net hods does not r eqw . e t he presence of. agents which
Trafor pt 1 on. MeddieniiGh HisBbrbiats Srdicitiets tRus e HREPRIREIw Yty ed
out i.n t hdescribed herem. Aooordmgly, the i mventxon provides a population of DNA (anti-sense) or
- . .RNA (sense) molecules which are copies of a target sequence, which are produced by any
of the methods described herein. , . N A o
. - 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), . e e
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 bcused 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 ariy
combmatlon of the components described herein, and the following are examples of such
30 kits. A kit may comprise any of the composite primers described herein. In some

embodiments, a kit comprises two or more composite primers, which may or may not be
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presence of agents which reduce secondary structures, such as DVSO. Thus,
It is anticipated that the enhanced |linear anplification nethods of the
present invention can be 10 directly |inked to appropriat e3 i@ﬂgzﬂfor
detecting single stranded conformation polynorphism such

cl ect ropPWioetlztm3$epar ation method for the identification perusdesidii c
nmobility pattern of the single stranded RNA products for the elucidation of
the . ' _presence of speC|f|c sequence features, or the presence of any

di f f er enc&Parafely pagkaged ln ether embwdimstscmhpammpmes agompbsiteprimenandlaci ¢ aci d.

2 e BB e S il o Sl
conf or natg rﬁﬁﬁllaﬂdmlo%tldet%RﬁA pro§ ﬁnatidnsl:tg.\ ké%ﬁ'ggﬁhmﬁcfcéﬁﬁdé:l eavage of

the single st r anded using nucl ea recognlze
sequence CQEpEsing Apreprentta ssqusncaiprhiclemay oy PTO osESQ). ThoconpRsite primer

G Peas ot B Alae(od it ey i gptiagalbriocksle Hnne borsarmore o the
( Thi r d- Wereymes HeScrftel befe RS Wil & dW%sx% Giph C@ﬁtegadﬁeh{% m’ga&ctﬁklhéb' e

for high throughput mutation, or genotypl ng
det er m n&tiphasphatess dﬁtsemaealsqo chideconeloe otare plitablet buﬂ'epe@as described hareig).ven

I ful .f t he.de t f | el f
oot - seqdOreRERY HGRic i Sauenoing na) opammelySnctin bei L PEvIb g ot o ©
nobi | i tymarebﬁﬁdanhmgstﬂaeuy@{ ?ddoﬁh% ;&lﬁtéiieflﬁ:ﬁﬁh n;al{ci@ff&pt i ated, thus

sl ng

allowngthe detection of two aIIeIes I n e gen DNA sanple, as
edli r ed tem@rinatien of Busienside pebymaeryzation o Ongor tiord teag\ﬁitssinethc kkrwnhépmfvuledon in

the t est h .asS _base su t ut Jnsertions or
del eti on, cc&)@@vge 3159“@?@’5 V] ridH H0E SRGIEHS, "fﬁ'gi‘ t%&l‘ﬁug 3% ect ed to
be usef ulprd\mlc foea emgemrsohlhoanﬁoinfgl M&t&&ﬁﬁe&@a@ﬁb 6%5&‘6&@11% and
t he di sc?]ve ébﬁ‘iﬁ ew, SNPs. WO 01120035 31 AUG 20 CT/ US O/ 25104

Met hod o rhﬁéﬁ‘?a fomprieat @nbeipackaprd inssqpgrate cantaipteer nat ur e
of the premiYebmpstientsian bk 28AbIdMGh Bhe ﬁ@tﬁhﬂ?‘%ﬁ%& EhosehdaRhviey R G {f ) and

t he _enhanced |inear anplification net previ ous are
par15| cul mn}ﬂtsw table for preparing -mcroarrays conprising the

anpl i fi cati oNqpe kits of the invention may optionally include a set of instructions, geneérally
written instructions, altliough electroriic storage media (.., magnetic diskefte or optical
' disk) containing ifistructions are also acceptable, relating to the use of components of the
methods of the prescnt'inventibri'for the intended nucleic acid amplification; and/or, as
20 appropriate, for using the amplification products for purposes such as nucléi‘c 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 invcnt'ion, 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 prcferabiy 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 reagénts that substantially optimize the reactions that need
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5 products. Several techniques are well-known in the art for attaching
nucleic acids to a solid substrate such as a glass slide. One nethod is to
incorporate nodi fied bases or analogs that contain a noiejypihagsis
capable of attachment to a solid substrate, such as an am ne group, a

deri vati YEOB¥20935 ani ne group .or another group with a posl’@T’Vg“"@ﬁﬁ’r‘ge, into
the anplified 10 nucleic acids. The anplified product is then contacted

with a sgli AdEIeS @ass_sli,de ich i.s .coated wt.

an- al deh%g&g? 2@0?@%&? eac?ﬁg@wg%%phaﬁmp@ﬂd&f M'%F‘rﬂpémué%%ls ‘?‘ﬂ%‘ﬂ nk with
the reacofasy ggsgup that is on the anplified product and becone covalently
attached to tﬁiﬁgl ass slide. Oher nethods, such as those usi ng am no

propryl sili inveption alsq proides systeme fagieftectingtha mathads desaribed Bereisi. scl osed

at 15 ht g, SN ] Qs Ad4cmam st anderd. e r 1.
Attach rrem%%/f grou %Is) m?g@t ﬂ‘gw%? P&réﬁg\%ﬂ{’%ﬁoétgﬁf’ & ’Qélcflgtdisrc’“%s(?ﬁ éﬁ&\%eg%m 0
readt i ve exgnplopia someitbodinmts, Hednviéritiva ﬂi@ﬁﬁ&%sy‘ﬁféﬁi’\ﬁxidaﬁletfbﬁp@ﬂﬁcin%\ny
attachment to nucl eotides of the conposite prinmer will becone part of-the

si ngl e stargsidelynurlsotideseauance (ortamplify mgdargetpolynucteatide sequended dempiising h

ld th h | i . of ] . Th
anpl 1 11 oG feRnibRRE Aifr fng RERE AR REFie) PLERABIFSE SRR Eeln be
further ribogideasel, In surfenstditiéns)dhe $sanY fftthet e&ﬁ?ﬁ@a@mcﬂéﬁdy
attachnment of, detectable |abels, prior to or following attachnment to the

sol i d sufSMPHSAE a SmHnalign sequenerasy of thase dessribed herpia). Inesomed eabodiments,. 25

) f act . . . ficnt i . ned by
{ ha ot ey SRl CHRrRkCa Rl C e PR B R rpblaoRy S bttty ©
char act emaydieiadilO onT§A) ande DA dependentr RINAqtolymisreses i A 6f the kyssdiged. The
anplified products. ei,ther -DNA ar , .can anal yzed ysin obge

hybri diz%%%%M%%}&%%tﬁmP ﬁ#rs,ct)m%?& Wﬁg?cﬁﬁféﬁ'&' Nor t her n
bl ot ting. The TRO irveition AISSIpioWidey fdadtiGithiRthi (BCcortiRlsi: SR teaEhdn9
themw th mcroarrays cprrplr)l}asi ng _otllis_lgonuc B‘g(gt' I'de pr%%ggfﬂ#ﬁe i dgﬁfﬁﬂ; of
t he pr obBYXYrS) which copainavariops combisatiens aflcomponahts desoxibabipgein\in &m@0035

xPapol SR AGHERROF Bovdts Raclf s cofRrRing 7 BoneBiosudl™
sanpl e s temlatep(b) alcompoditeiprinig compeising 33’ DA Poetion dnd aaRINA 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 -

-20 . mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA.
hybrid, such as RNas¢ H. A reaction mixture of the invention can also c‘ompn_‘isc'.dny 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 enicompassed by the
_invention. '

The invention also includes compositions comprising any of the complexes (which
30 are intermediates in the methods described herein) described herein. The complexes are

schematically depicted in Figures 1-4. As an example, one complex of the invention isa
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5 Conpositions and kits of the invention The invention also provides
conpositions and kits used in the nethods described herein. The
conpositions may be any conponent(s), reaction m xture angﬁqw b@ﬁernediate
described _herein, as well as any conbination. For exanple, 't g venti on
provi des VRO 01293 osi ti on conprising a composite priner, wWeeTESO/1sHE
conposite prinmer conprises an 10 RNA portion. and a 3 DNA portion. In

conpost t o RPRxSontpfSine] (87 {eBMIAE Biaddt Bn (ST Pdmer SR comAgie por ¢ | on
and a 3' poiver pamptising al3" DN pertRtndBRiRNA Mﬁ@&h@@aﬁépxﬁﬂéﬂﬁ t to
oVl

the DNA portio I n anot her exanple, the invention pr es a conposition
conpri si M3VeAn RijAgenstion whichvis 5! andhadjecent tchthe 38HNA ipbrtiopr IThe complermiges 5' -
and 3' - ' | t,.|l east. one interyening RNA portion. . In

ot her ex i rrp| gé{)r'n? ﬁ%e %'Qﬂk}?ii%‘ﬁ‘dﬁ%w)&ég‘gaﬁ tegpinatien eaBence ésyshias p 1§ Ouor

comjosi t blgekersequénea). Tire domirl ' ?ﬂggl ' f . moi ety -
capabl e of efr?’ggti n )at t achn%ﬁtehggag*\gﬁ nucf@é{}?‘g@%‘?ﬁbﬁﬂﬁl&gtﬂhe

conposi t BrOPrompterasuch as #PTOL i d substrate used in preparing.. nucleic acid
m croarrays. In sone ,enbodinents, the conposite.priner is further
derivatized by attachnent of a positively 20 charged noi ety such as an
~amine. |n oth®he follvwihgBramples B prb t PR i i

conprising a TSO (i.e., anypof t he yrig%agﬂglodl né’nl%igﬁ%@é%%qgg%ﬁé{rlée}?n, '

i ncl uding TSGs containing one or nore nodi fications which enhance bi nding
topenplate). | n sone enbodi nents, the conpositions conprise a conposite
primer and " 'a' termination sequence. In sone enbodinents, ‘the invention
provi des a eonposition conprising EXAMPILESUC| eotide conprising a.
propronoter sequence, such as a TSO or i.e.,. any of those enbodinents
descri bed ‘herein), and may further conprise a conposite priner and/or a

bl ocker EfsmpRCR-GéneraPMRtyd30di ments, the invention provides a conposition
conprising a bl oCKer sequ (i.e., any of the enbodi nents descri bed
herein, incl ubl “eméﬂgh@é@m@cﬁbwinnhﬁiekhmpleimko ufilizedrin otheer
enmyedi %PJ%B%“%‘?H&&W provi des conpositions conprising (a) a

I mer,

conposite p ereln the conposite prinmer conprises an RNA portion and
a 3' DNA'60 31 AUG 2005 WD 01/20035 PCT/ US00/ 25104 portion (in sone

- enbodi rﬁgﬁ?srg the RNA portion is adjacent to the DNA portion); and (b) a

t er m nat equence.. I n sone enbodi ments,- the-‘term nation-sequence is a

TSO I n Biffds that were used throughout the examples are made with the following materials.
TE Buffer: 10 mM Tris-HCl, pH 8.0, 1 mM EDTA :
20  TBEBuffer: 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 (NH,),SO4, 0.1% NP-40

- Isothermal linear amplification using a single chimera primer, DNA
H

25 Sequence amplification was performed in 15 ul reactions containing 20 mM Tris-
HCl, 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 (ANTF's from Amershain), 0-6% DMSO, 0-8% glycerol, 0-100 ug/ml
‘acetylated BSA.(Ambion, Austin, TX), 0.6 Units/ul recombinant ribonuclease inhibitor
(rRNasin, Promega, Madison, WI), 0.5-5 uM composite primer IA005, and 100-200 nM
30 promoter-template oligonucleotide (PTO) IA015C. Composite primer IA005 is a 20-mer
primer with the sequence of: ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:1).

’
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enbodi nents, the term nation sequence is a bl ocking sequence. In sone
enbodi nents,, the conposite prinmer conprises a 5 -RNA portion and a 3'-DNA
portion (in certain 5 enbodi nents, the RNA portion is adj &cemst 2005 t he DNA
portion). In other enbodi nents, the conposite prinmer conprises 5 - and
3' - DNA pdYQPHRW3RNi th at | east one intervening RNA porti oORCT/US0E5

enbodi ments, the conposition conprises (a) a conposi te primer; (b) a

pol ynucl y e ( ol h‘d‘gt i de

pol ynuc! sabier S BRI RARPTO) PR PN il e R YFUERS  0,
sequencescquqncoofded by a 10 PTO In other enbodi nents, the propronoter
sequence i TSO An of the above... conpositions may -
further M@W \eAsCes TARGTeATEASARATCCalgY or any
of the e herel n (such as DNA pol ynerase, RNase and/or RNA
pol yrreraseg ﬁi corrp05| t ions are generally in aqueous form preferabl y in

a Suitabl e bidaetions wepe d33embledavith mwhﬁen&&%bﬂﬁ&&wmw NERGONPY | Si g
the anpl | ficati on q;:)roduct s. described herein. Accordingly, e 1 nvention

“provi des hgatipgde en9DE foNK0 segnin a progsahmable: mcﬁhﬂo@ebne@éncAmp %600] es whi ch
are copi of et sequence, which are produced an of the nethods
descri Beg%ﬂg?gﬁ?e %ﬁP&b@Wﬂ&% Eo‘tl%é‘l?o‘mi%ﬁl(ﬁ @y@ar%éﬂ,esm
al t hough but
are not r‘??nﬁ%"e‘%“’ﬁé’“&a et b Mibie il e lepi i) GOS8 R e
16\ nvenEI i- ol fsliltedcfeem khet%Uthtochsolyatmguemgatdilaeritmdiigissglhftmhhﬁ?(lﬂm &‘i’ik-lﬂ_li_ﬂg, .

cgar di n al its ui t abl e cagln e kits
magﬁbe uginl\é/8 5’?300#/?l J%f%bﬁb gﬁfcﬁ%gﬁg@sﬁdﬁ@‘ﬁmﬁ# legigs, o,
accor di nw,an&aw-som:msmewmuwyxﬂa%s@é AL P@.Hv)’crﬂ'l?acﬁ%m\&? R e

fol | owi ng_uses:. anplifying a nugl eot | de sequence; ‘sequen
pol ynucl reactons;were daoubated 8h5 9 C-6FGLfon 3@ mintitest Aotheiend @ff thel ih¢ubation,

pol ynucl The Ki he.,i nvention, co Qne. or npre containers
Corr | oi Rk werk RBolk 146 HeAHons G somaines 4 Gouwil RRLAH tmasaiption Hags, he
f ol | ow ngegifed. exanpl es of such 30 klts A kit may conprise any of the

conposite priners described herein. In sone enbodi nents, a kit conprises
twd2or nore conposite priners, which nmay or nmay not be 61 31 AUG 2005 WO

01/20035 PCTI 'éﬁﬂ%&é 1ifléar amghﬁcatlon by RNA transcription of the linear amgllﬁcatlo
~ s$SDNA 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 M KCl, 5.0 mM DTT, 12 mM MgCl;; 110 ug/ml BSA, 3 mM each rtNTP (ATP, UTP
‘CTP, GTP, Amcrsham), 7.5% DMSO, 1 Unit/ul rRNasin (Promcga, Madison, WI), and 20
Units T7 RNA polymerase (Ambion, Austin, TX).

DNA Templates
25 " 7 Asequence from the J-gene region of E. coli K 12 was chosen as a8 DNA femplate
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. cdli
(preparation described in [Example 4). Synthetic DNA target IA013 comprises:
30 ' Spacer18-Spacer] 8CGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA
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separately packaged. - In other enbodinents, a kit conprises a conposite
primer and a termnation sequence (any of those described herein). A kit

may conprise a conposite prinmer, a polynucl eotide conpri s'gngwﬁ @%rm' nation
sequence, and a polynucl eotide conprising a propronoter s J] (2 (whi ch
may be a WAIIGW03PSO). The conposite priner 5 may be | abel Imsr/gsoomsivabel ed.
Kits may al so optionally include any of one or nore of the enzynes

d i bed ' si de triphosphat and/

i bonuct e b ATeBI R GG A R e R A CHE RO AR BATR IO GGAb! o
buf 1 ! DS ol 6 i :

bt i onal |6 O AL o CPBITSEO o ShiefteeRid * hoon° ™
i ncor por applyexyathydene spadense ' These wiess addefito dis@ligs i 66er thretaed it RbiliPwith

nucl eoti d ol ri i 0 e qQr re reagents in the kit can be ‘provided
as a dry ﬁ%ﬁﬁé¥°%§§§1tbP§Sr}PV%{P8?%nﬁﬁe iseaucnes of gheaforqsnentioned pritnatilyon

di ss®l ut i §iRgled. j ,%eg &Z,?aq ' Vi t he .appropriate .
concentrati(g)nss*'r:‘ag(;elarplgxr‘J]‘A‘g?Srr%c ng nt%/ Q{Jwg&%:hh’gg:sﬁgﬂiggg%&lﬁerei n. Each
cortined m&i}&ﬁg@ akfs T T U
conbi ned f r rQss-reactivi and she ife permt.
The kits SRGRICAR AN B GRCTECORIAASATRIGRECAGRE GIGGACACRTGAES
gener al | y40o@Ga4 ' ' @Qﬂ@ i edi g.,
magnetic, di sket?gcgr optica I SK) con@%ﬁ%@ﬁéﬁ?wg%

accept ?b!GGQ%, ' t'Bﬂ%%A?ﬁngmﬁgmd &meﬂmwmc AG(;ZIA@OIQGfﬁm_ T AGfC(gil'GAA'
Pregent i@ 85"» % yeleic acid amplification and/or, as
20 appropriat e, “for us i «ﬁEﬁ%@&IﬁE@Mﬁ@GQQ@@@G& as
nucl ei ¢ dBGEFCRRAATIGANGTACCIRACCOTIG ?@emcggt@ér AAGPGC
i'nstructi(gagii &l:ded with the kiet enﬂ%lélyégc ade 1'n gr'ma c?g(nicg o]
reagent s é‘t“{:fg CAGAEEGCTAAGCTATFECGTATGEG h@m&mmmﬂwmr&hiﬂw the
met hods' R bhigeR! &8 88idad A udddy n?éd hd Ot uctians on ko e%,? use the kit,
and/ or "appropriate reacti on condﬁ |oﬂg'r§l. VAR i Bﬂﬁ’ﬁf?&??’?&g W%g}%t may
be packadmuti¢mindtalicconveni ent, appropriate packagi ng. The conponents may

be ckaged separately, or in one or nultiple conbinations. Were kits are
proVi ded for practicing the enhanced linear anplifications nethods of the

present i nventPreparatidhofAPHNA RREPER fandpBL e Prodaet PT €f erably provi ded

separately from thée conp to the transcription
steps. 30 The Yiaglatstronded N templatet foe isotheimal dinearguplifivation Wak peepliicdbycan be
subst ant 1Lk b ficio S35 Bp sEBRERLO & GRld peps using The primers LA006 and
- 1AQ0Q4. PrimerIA006 is a 23-mer with the sequence of: o
20 CGGTACGCTGATCAAAGATCCGT (SEQ ID NO: 16). Primer [A004 is a 26-mer with
-the sequence of: CGCATACGGAATAGCTTACCGGTCT (SEQID NO:15).
PCR was performed in 100 ul reactions containing 20 mM Tris-SO4, pH 9.0, 20 -
mM (NHy);SOy, 0.1% NP-40, 2.0 mM MgCl,, 300 uM each dNTP (dATP, dTTP, dCTP,
dGTP), 5 Units Taq DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-
25 primer TA004; 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 cyclcé; 94°C for 5 seconds, 60°C for 30 seconds, 72°C for 1 minute for .
 cycles; 94°C for 5 seconds, 55°C for 30 seconds, 72°C for 1 minute for 40 cjclcé; 72°C for
15 minutes and then held indefinitely at 4°'C: Primer [A004 was synthesized with a 5'- |
30 phosphate to protect the sense-strand from digestion by lambda exonuclease (Straridase kit
Novagen, Madison, WI). The Strandase digestion was performed according to the

4
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31 AUG 2005 WD 01/ 20035 PCT/ USO0/ 25104 to occur to practice the nethods

di scl osed herein and/or to further optimze the sensitivity of any assay.
The invention al so provides systens for effecting the net hgqs @g@ i bed
herein. These systens conprise various conbinations of th c% nts

di scussedVQW&U3SFor 5 exanple, in. some enbodi nents, thecrwsamdsion

provi des a systemsuitable for producing target polynucl eotide sequence (or

e | Cont! d po! .
o e ( afaricRfihe Betlientfion” Buibl, FOR thodistnreporatas dassaiboshaveyas
ri bonucl qaedpitated fronethe raedbdBiitdre by'Re S3ElETbE P/lb%%&%ﬂ%@é aletate

pol ynucl egtide conprising a term nation.sequence (a escri bed
her ei n) . Rth32@nd Ohryelumes sopropaiibl fdoeliny 6 Q0'C Wt HedurcadnehGiGized at

pol ynucl egt j.de co ising a propronoter sequence (which may be a PTO or

TSO) and%ﬂ”ﬂﬂ%&%ﬂ%ﬁmﬂwﬁ%@%@m@. dhe poldat aves washedopicerent s

- may §l So gy I : t ence, . as seribed,herein. The
i nvention al SQASEJS\??ESKS&}I’%%@%@]% I &Soﬁgg&mené@mgﬁf’f% g%?ﬁ?ﬁ't??

react i on wasxestimatsdi fom OhD catr26inm, urd 60 Uits of [k R ldxORSclsse (SHARGREN! S

described,herein. I'n sone. 15 enmbodi nents, the invention provides reaction
m xt ures Qi’ﬁ%?"f)Wd‘&é - Bigsstignwas allowied do pearpediatead 7 C fyr 20 minnfesgedations i mer
conpri si ; ! d.an RNA portjon;. and (c) DNA polymerase. As
doscri bed hatin heRled B0 75CHA Winifilis W Bt ocd o Jrpibionsciee boriarmieian

o ot aat Ryl RABANR Se0r Birkey . {8 efiine DN .o

priper _corrﬁg ses a 5  RNA port adj ace portion.
Thel® eacPMBHed vangiaQuick Myglegtide Remoéval Columno(Qingens ValenciazQApfollowiky

cleaves ENARAKUTRRtaR SN Lhiurs Meh, as se. H A reactian mxture of
the invention can afso corrprnldgigany “5?&941%3‘“%@%%?%@@%&&‘9& ng
t er m nat (Qigemn Nadernwis CAYs Brieflg.d tholehes o RPN (IREH)Swed adediSaRt i ON
m xture is élﬁ) ngdiégfl a?ed rimer extension product (and, as such, contains
at its 57 MRy *8REHRITNX ‘BB?TS’P% eh #pplicdite aQjagen spinwolpmntand eenstifugnd - .
conposi.t ¢6000irP@ 1. minlite P4 miGoSSEH e qﬂg! t t ortion of
t he, conposi tetp%[i me'rtgoéb a pgrf%%blqggtl ég%%¢%@§°§%? ér
seqtfence Washad taicenyith 5 ugn@qﬁ'qﬁ?& (Qisg eRNA_Ih@edlmlr;&aalﬁeﬂdyarth&ea@]yon A
m xt ures . elein angd.ar.e enco S. y the .invention. . The

L invent | ﬁ%ﬁ@%@fﬁﬁ&%a%w&m ‘B’d’r‘!ﬁﬁsmﬁ; Wasiehged i MBufles (whi ch
. EB (10.mM Tris-HCl, pH 8.5 XQiagen). 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 (E19001-XCell II Mini Cell, Novex). Reaction mixtures (5 ul)-
30 from linear amplification or transcription (enhanced linear amplification) were mixed with

1 ul of 6X Gel Loading Solution (40% sucrose, 0.25% bromophenol blue, 0.25% xylene
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.30 are internmediates in the nethods descri bed herein) described herein.
The conpl exes are schenmatically depicted in Figures 1-4. As an exanple,
one conplex of the invention is a 63 3 1 AUG 2005 WD 01/ 20083306 2005

PCT/ US00/ 25104 conpl ex conprising: :(a)a tenplate strand; and L%Gbg a

conposi t eWOrd1f8435 sai d conposite priner conprising a 3' Dgwysoension and an
RNA portion. The conposite prinmer may have. an RNA portion which is 5 and
adj acent .to the 3" DNA portion. The canplex may further conprise a

pol ynuc! eBXenele) aad the antisg, sample wis imitiediatel s don Q%iﬂt() sachhwilk Gelseareor 5

conpr 151 g horars 2o0N oL e s Robfies ki 4R SpBp ROt et g

provi ded the voltigeswasdowerddutt 176V fbf 49 ninitée Gély Watd Rhovéd@fromBXNRk R Exanpl e
hods .The, general nmethods that are described in this exanple

1:- General M
are al so ﬁlﬁqcipiaasmwn in Q.5 ug/mlgthidinnp bropide in RS TREBuBeri($®mM Tesf fers

t hat § Wergacht t r wth {he follow .
mat er5 i al SWW ZM F%Wgﬁ édgﬁﬂ% mgﬁeﬁgtfﬁs%mﬁg% r, 89
mV Tri s bBNA MagkerBibneius, Saiﬂeanardmﬁl?Wﬁ inflii& 1 orleXaneBfleh @ gel run? Orhig™™ '
Tris-SH4, 9.0, .20 mM (NH4) 284, 0.1 % NP-40 ' | sot hernmal |inear

anpl i fi ca'n?ig'?ﬁf cantains 16 fragmgnts of the followingisinss: SOONB0,200y 3K), 46% 500,50Rnase H

25 Sequengmoaigda f heh f 1 act.i ans, c ,.hing 20 nM
Tri o o oG TR0, 15665080, 3085, B, B30 Ro0 aht 1000 By vty SaA b o8
mM dGTP, codldberebalivddon tigelssusedom Amer sham), . 0- 6% DVSO, 0- 8% gl ycer ol ,

0- 18ﬂ ug/ M acetylated BSA. (Anbion, Austin, TX), 0.6 Units/ul recomnbi nant
ri bohucl ease inhibitor (rRNasin, Pronmega, Mdison, W), 0.5-5 uM conposite

primer | AOOS, E{,&-&mﬁ,ﬁoo nM 30 pronot er-tenpl ate ol i gonucl eoti de- (PTO
| AO15C. Conposite primer 1A005 -is a 20-ner primer with the sequence of. -
ACGGAUGCGGUCUGRigonavleptide probes\for hybridigation examples(1A010 for ssDNA products;
1A014 for ssRNA products) were 5'-end-labelled using T4 polynucleotide kinase (New -
‘England Biolabs, Beverly, MA) and y-*P-ATP (adenosine 5'-[y-*P] triphosphate;
15 triethylammonium salt, Amersham, Piscataway, NJ; PB10218, >5000 Ci/mimol, 10
mCi/ml). Primer IA010 is a 21-mer with the sequencé of: .
E ATGTCATGGTCATGGTCGTGT (SEQ ID'NO:13). Primer IA014 is a 31-mer with the
- sequence of: CTCAACACGACCATGACCATGACATTTGTTG (SEQ IDNO:14).
' Labelling reactions (50 ul total volume) contained 70 mM Tris-HCI, pH 7.6, 10 mM
20 MgCl, S mM DTT, 1 ug oligo (147 pmiol for primer IA010; 101 pmol for primer [A014),
| _2"50 uCi 7-*P-ATP, and 30 Units T4 polynucleotide kinase. Incitbationi 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). Afier heating to 65°C 15 séoOnds,
_ hybridizatiori 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 cycicr with a heated cover
(GeneAmp 9600, Perkin Elmer). The entire volume of hybridization reaction was
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31 AUG 2005 WD 01120035 PCT/ US00/ 2510.4 Pronoter-tenpl ate ol i gonucl eoti de

(PTO 1A01SC is a 55-mer oligonucleotide with the sequence of:

ggAAI TCTAATACgACTCACTATAgggAgAgCgg TACgCTgATCAAAGATCCgTg-  bi oﬁ hl{h @D?SFQ ID
NG 12). 5 Reactlons were assenbled with all conponents exceap h

enzynes. WPPLE0035 heating to . 70'C or 99 C for 10 sec. in RCOFUSHEAEDI e

thermal cycler (GeneAnp 9600, Perki n Elmer), the reaction m xtures wer e

Cpon-at + SeirbPhoRted if 880 At amie 615 LR T BEB St Bg midns 355, a5 6 L o
f r om t he boritlacid, smalﬁlyp)\%mrs)laﬂsmv Forh howgst Géfs%&sgeggcfveugﬁgislg gﬁs@\"

Tris-HC, 10 pH 8.5, 30%glycerol; Hybridase thernos
Epi cent r Plafess M&R?élléﬁla%mﬂnd CWCQMamoﬁdEgﬁlphMﬂlm (BR&MaxMR, pol yner ase

(2 Uul; di san ded., The .reactions were incubated at
55 C- 65 g@gj{f%tﬁ%&%e@g%(\ﬁﬁﬁgou@h&q AWOHBLENHEIREITSES. reactions were
cooled to 4C. Reactions can remain at 4C until RNA transcription step is
desig ed. El;&r_dtjf_lbapqwha-ﬂgmnémm'éjﬁﬁ'!ggn by RNA transcription of the ‘
| inear amplrfrcati transcription was perforned at 37'C
- for 3 hours i iisctRerttlal lifies alrlificRRIMN Wik} &6 ﬁxﬁ%bmfﬁ(g
anplific on reacti on m xtures above; angg%gémbﬁlg% f yxgc%e 20 mM
KCl, 5:0 ot and TS0 ontwcken was pgfmneasmeaeuammﬂamies cmsin(ngm redduoﬁlTP
GIP, Arerg pr Unlt/ r RNasi n. ( Prone a Vadi grld
20 Units @9&%’5&5 ﬁff/gr?eras%b"(" ‘?5?1‘ ararhion migyres 3!92“25 H
sequencerdagemmshdx Es—c@&ipbsitegmmer ®Ndse PP%'BCKD%?A%@!&'P&%‘{ arﬂ'éra, {vi @Néh,

a

te IateW]Ionr se fohe foll ow ng l es. "Three DNA te tes were

used for THIEE® s‘é‘E‘ﬁﬂW‘ﬁéHt LOpigs ﬁchoss m%élAQIIOA@t@)cpcalmed marily -
I

o e bR M’PP“S%‘%%%E@'%%rgﬁﬁﬁ‘%ﬂéﬁ"%ﬁ%?w%ga%%é ffheg

E)éanpl 2 Wps abg udade Thedsatbergml lll_}_dé?k&p%lgﬁ@dlﬁd&ﬁ@@ﬁ%@ﬁé&e Spgoatied
CGGI C%T&% CA%gAl;ove %réébt‘ enaturation was camed out at 70 C and the xsothermal

amplification was carried out at 65 C.

15 The amplification products were resolved by gel electrophoresw (Flgure 5) (F irst
. - lane: molecular weight ladder; lanes #1-4: no DNA, no primer, no RNase H, no BcaDNA
polymcrase, wspectxvely, lane 5: contains all components). No amphﬁcanon products
- were detccted in reactlon mixtures without primer, RNase H or Bca DNA polymerase,
. ProbeIA010 hybridization and autoradiography to the ssDNA product of the lincar

20 _ amphﬁcatxon method, as shown in Figure 6 (Lanes 1-4 no DNA, no pnmer, no RNase H,
no DNA polymerase respectively; lane 5: contains all componcnts), verified the 1dent|ty of
the amphﬁcauon product. The linear amplification of the synthetic oligonucleotide target in
this experiment was done using a non blocked promoter-template oligonucleotide
(TIA015b). Promotcr-template oligonucleotide IA015b is a 55-mer with a sequence of:

25 GGAATICTAATACGACTCAC}‘ ATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (SEQID NO:11).  The amplification reaction standard reaction components used for
this ampliﬁcatiop reaction are as given above, The initial denaturation step was perfc;rrned
at 70°C for 10 seconds. The reactions were cooled down t0 65°C, and further incﬁbatc_& at
this temperature for 30 minutes following the addition of Bea polymerase and RNase H. No
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TGGTCATGGTCGT GTTGAGCGCAGCAA. AACGCTGTCCOTTAAAATO00GGCAG
GCGTGGACACTGGAGACCGCATCCGT (SEQ I D NO 18). Spacer 18 refers 53@

pol yoxyet hyl ene spacers. These were added to the oligo in o ddl6 2005 retard
its nobi IWOy1iwh respect to the 100-bp ssDNA product. Tlg.@-rmw(gme of the
aforenmentioned primarily 5 single-stranded DNA (351-bases) tenplate

pr oduc&e}dc%PCR anplification is:

CGGTA dizalign ettt DAL TBIRA TeQUsTEE DA Horprimer, no RNase H, no
GAGCGCAGS ACGCT GT CCGT TAAAATCCCGGCAGGGEGTGGACACTGGAG A CCGCA
TCCGICTT GGTGAAGCGGGCGAGCAT GGCGCACCGGCA

GGCGATCTGTACGT TCAGGTTCAGGT TAAACAGCACCCGATTTTCGAGCGTGAA 10,

- GGCAACAACCTGTATTGCGAAGT CCCGATCAA. CTTCGCTATGGECGECGCT GGG

TaocGAAA Eexampte Ao dizenntarrenydaradipo nad sl vapEaassthermal linear - _
, CC .ATGCG(SEQIDNOl?) wherein the PCR priners
ar e “bol dee—4 —Hed he conposite prlners are bol ded, with RNA

portion in i talﬁecﬁoméérféﬁt@%hg@ﬁh&éotﬁé @‘ﬁ)i er i {vT PEEdeRl S?%P&#cc' cation

product Single- stranded tenpl ate for | near cation
was pr epanetisinT7 PoRdensequdnca (¥ IASTACGIEITOACTATAEGGGAgGAG (SEQID! a J

gene usi s | AOO6 | AQQ4. 006 is a.,23-net_with the
sequencewbbgﬁééﬁm M‘W c. Hoyr vepsionsaf alPAghs i s a

26- mer wivdre desi (BR012e 161 20 TASIATAG 36 AT G I D NO 1-5).
PCI?P S perforrrgemdl n 138 ul reactions cont ai ni ngﬁgg{ﬁg Qﬁg PpH 9.0, 20
N

H4) SeRyenceoly %NP 40, 2.0 mv l\/gCI 2, uM each dNTP (dATP, dTTP, dCTP,

L) SO AT A g

nodi f i edA’E@JﬁAHd}ATCCGEB gmm»m sgasxms@d‘%'ddwwﬁv& h&v&e@m dHitRMEL er S:
68 *C ute for cl es or 5 seconds,

950C for b,seco for |

800 for MUEERE T promiotees Pexteaniqn AUGAAETS (EYQIBINOR sl spocas &onds.
55C for M(s(QAojqqu"i‘ ’IDJN 5 m nut es
and t hen hel d I ndefi nlét eIFy at ?%&tﬁeeén‘#ggg%%ﬁzmgtﬁg%é%?yd&wth ; 5" 30
phd2phat Eomplementasy: sequprces dAOES ﬁﬁxaahbrterB'rFQXAganérD,dmldwg betithites'exonucl ease

(Strandaggellibn and the spacer. IA015 PTO has the sequence of:
' ‘TAATACGACTCACTATAGGGAGAGCGGTACGCT: GATCAAAGATCCGTG (SEQ ID
NG:10).-1A012b PTO is a 60-mer which contains the spacer, but not thie extension. - -
JA012b 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 IA020 were synthesized by Kcystone (D1v1s10n 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, IA012b, IA015, and IA015b to convert the ssDNA template into a
substrate for T7 RNA polymerase was assessed by comparing the amount of RNA -
produced after transcription of overlap-extension products formed between a syhthetic '
‘oligo product (1A009) and each of the PTO'. Synthetic oligo product 1A009 is a 100-mer

30 with the sequence of: AGTGTCCACCCCTGCCGGGATTTTAACGGACAGCG
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Novagen, Madi son, W). The Strandase digesti on was perforned according to
the 66 31 AUG 2005 WO 01/20035 PCT/ US00/ 25104 manufacturer's
recommendation. Briefly, PCR product prepared as described ?E%M@,angvas
pr eci pita\&gd ,fromthe reaction mxture by the addition of 1 vol une 3M
sodi um acBLA&Y35 ,H 5.2 and 0.6 vol umes i sopropanol, cool PEEUSH25M C for 1
hour; and centrifuged at maxi num speed in a mcrocentrifuge for 30 m nutes.

The DA ACEARACAT oL ReCATadH G TG G &

bef ore resuspension in &t ater ———CofCertFat
at 260 nnTCAGCGIACOGHSEQID Hib1). Overlagstasssor whs pafaard in N vR@eonyas

er o 1 honomiaRia20 5 3rie R kb B R Metind mhbrash AUB(ATH AETBA TR
f ' t . A 600. Per Ki
Emer) o STR LG aMANROOIGRI DA Pt BEDRA, bR Restont oy o

Col L5ms (€gnatifated withoatBe2DNA poliyRickaad)ilRted t$165 TREE 86J16d verd0nARQETRNded
procedure _gnd using the buffers provided with the kit (Q agen, Val encia

CA) . Bri 680G, After addlition-of DNARdlymeraiiyiréaliogewgreincubatedat 601Cofot B mimaep| e.
" (000 DB ER WBT be ol idiver wesabed rthe Sanderc kMR imicrnionr e,
and the ORhHiSR miReueind'he Rafiscrifhion riolibhsilte seflod By'dePbicbophitagen) - The

colum was then dried thoroughl'y by centritugation maxi rrum speed for .3
m nut es. The Z&shaye inFiguse 7i(hafol :uholedildrivesight BRidet;damdsl 276 avetlp , pH 8. 5

2 opfEler b srehson BRUE(NGA saRT> 1AR155, a0y TSt dSrriatisius Tedssht - A dsoa
(Iess i hbomBAOT2, (AR12YLAO)S, LAURSH3A0I DUNOIS LAOI SITAORSE IBGBBRVRY N vas

I'ess than,2-fol ﬂ The DNA 20 was diluted to 1010 copies/5ul inTE Buffer.
Seri al : di VERGHREY MareRiAcwas preduceshbyt the trapseoiption pybstrategirodsied witdithes

i 1 ut 1 on DORRITCPS UADLS JRH Yo B IR LAOES by AR 2B . Tt TR ottt " o
el ect r opHbe &'taxtension bybpatithe sphcen(IAOLSH) producabddémensiiablyChighee yieddy of RMA de
Burfor (SRS SRR o iRl apeare i auonn e ook RafA Py Aovex-
Xm0 Lo ) 2o B pe e el e sYLADL S b v ST DlocRREAL
- linear affbiatn) é’zﬁl%mtﬂ\ﬁleé}m 3-H,\tp 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_(IAOISc)p:oduced_ comparable yields of specific RNA as IA015b, but with
significantly less background, as shown in Figure 8 (Lane 1: molecular weight ladder; lanes
25 2, 9: no DNA, 30 minutes; lanes 3, 10: no DNA, 1 h; lanes 4, 11: no DNA, 2h; lanes 5, 12:
10" copies IA013, 30 min; lanes 6, 13: 10" copies IA013, 1h; lanes 7, 14: 10'° copies
IA013, 2h; lanes 8, 15: 10" copies 1A013, 30 min; reactions 1-7 were not blocked
(IAQ15b), 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
IAO15¢ included in the strand-displacement reaction. When the 3'-OH was not blocked,
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1 ul of 6X Gel Loading Solution (40% sucrose, 0.25% bronophenol blue, 0.25%
xylene 67 3 1 AUG 2005 WO 01110635 PCT/ US00/ 25104 cyanole), and the entire
sanple was i nmedi ately | oaded into each well. CGels were uﬂ]zﬁ ed to 250V

for approximately 5 minutes, until all sanples had entered lg%ﬂ“ﬁ and

the vol t a0 WR80ISonered to 175V for 45 ninutes. Gels were PEITOSwoMsfoaom

bet ween the pl astlc pI ates and stained in 0.5 ug/m et hi di um brom de in 1X

TBE Buffe 5 basge bOJ’IC |d 2 .mM EDTA, pH83
oA, ot Relpeed RIS 183 5qd'in o eaclonh acbebscied snibationp s spbiie. Ca

was i ncl uBNA bandora coRhe tﬁéb %g% 6
fragnments of the foll ow ﬁg Si lz%’gls%&1 ggb lﬁ'g%hcegggﬁnaélﬁﬁ 5@818 %%&@‘g% 1000,
1400, 1550, 2000, 3000, 4000, 6000, 8000, and 10000 bp. Typically, 50-2000
bp coul dghe P . ! used. 10 H;{%Li di,zation QO igonucl eotide

' PR EeNESequence o A 4 for

SSRNA promm@hamﬁn‘iedﬁﬁqa}.g hifRdtifs! Ng- T4 pol ynucl eoti de ki nase (New

Engl and Biola ever - ATP (adenosine 5 -[y 32P]

tri phosphate, @5‘& Waetmgdﬁmmﬁrmbaf E. caA‘rI’etzsmmcl?OW&tg%W ovédlighfig 10218,
>5000 O/'%&‘F 11 @] Prine @010 a 2l-mer with the sequence of:

. ATGTCAT @ﬁ!&ém éb’"PB‘ weas isolated by Jyspaymesdigestiongad with t he
sequencesaﬁbmeﬁ(ﬁﬁgm ety bel |'i ng
reactions (50 ul total vol urre) cont al ng@gﬁnﬁﬁcjﬂpﬁgﬁR&%g‘:&% nmv 20
Myd 2, 5 Gmcmﬂ QH),fpl Mﬂ(emaanmuref‘mrecpmmded procedure. lBﬁxeﬂym)hcféﬁd

neaBat i of arealesietay mninaggtion il a0 Fof 5 Bipsipsy ol west esispended

uni ncor ponﬂmwmldigdmdebuﬁ’éMd%&wﬂéakat B’U‘dﬁﬁ’sb nu a”@(@tar Bhg @Jen.

Val enci a, deca rate (cpm) was determn naX| -
Tri-Carb Oéﬁh%ldlgeﬂﬂm Without@nymbibelunms ofiuadigestedcellsThe ng of

react ang pré‘ﬁf}é'?’b%ﬁ?”%h%im%' o P R Sttty oo 1 x

React i on'sCinsinnati,3id) dtbinobaradYor 45 GnikQ@s 6QFoR] teRii:@B.ﬁxre( DNA a5 pReipitaegdecay
U199 2 Nfblidd dfutn b addidbH 5P 0.6 Volumie ios.aold Shanol. After incubation for 5 -
mmuws at room temperature, the precipitated DNA was collected by centrifugation for 5
minutes at maximum speed in-a micro-centrifuge. The DNA pellet was washed with 75%
-ethanol, centrifuged again, and resuspended in 1.5 ml TE:Buffer (10 mM Tris-HCl, pH 8.0,
1 mM EDTA) by heating at 50-55"C for 30-minutes, with fréquent agitation. The resulting
20 -solition was passed repeatedly through a 22 gauge syringe needle to shear the DNA and
reduce the viscosity of the solution. DNA was precipitated again (EPI005-35) by the
addition of 1/10 volume of SM ammonium acetate and 3 volumes ice-cold ethanol. - After
incubatiori at -20°C for 1 hr, the DNA was collected by centrifugation at maximum speed in
‘amicro-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 DUG640 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 éverage 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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hybri di zati on was allowed to proceed at 42-C for 30 mnutes, followed by

cooling to 4 *C. 30 These steps were perforned in a progranmabl e thernal

cycler with a heated cover (CGeneAnp 9600, Perkin Elner). gaw&@gre vol ume

of hybridization reaction was 68 WO 01/20035 3 1 AUG 2005 0/ 25104

el ect r ophBPIIP35 1 10% pol yacryl ani de gel s in 1X TBE Buf f @CT(UB0/28W4TT i $

base, 89. mM boric acid, 2 mM EDTA, pH 8.3) at 150V for 3 hours. Gels were

removed fromt ( ) | at es, wrapped.in plastic wap, and exposed to

aut or adi ogr aphy— g}"ﬁfﬁhﬁmﬁaﬁ“@ HoR .- 20 C overni ght (-16 hours) with

tuo i ntensifyDBASRECQESIY GilEATPTE it 3910210% o 1 4MERlesPRE bid o2t [ on

| sothermal linear anplification using a singl’e donposite prifer, DNA

pol ymer asisnaturihycheating tel95 €dons miihutek follovasl hyaapidicoslihg diciee.t Sipplerri Xt ur es

cont ai ni ns%aﬁél rea tiﬁg{ﬁcong%gﬁnts, as _glescri bed above, as well as

react i on TR teaplite alsp tnted tq 8™ copiesduk Reastions were @ssepbladite

priner, . 0, vera. Midison, 10 W) were

spi rszd W%Q?O%Dg{)%’?@:’ md;hér?é??{gﬁgs t°§F‘§%°c‘mE$ﬁo - sequence listed

in Exanmpl e 1)Ampliﬁegimiwasmcﬁohnedid&@ﬂk@ﬁoﬁ@ﬂéxﬁﬁﬂin?@O&hMTﬁb?}lIC]gW“FS ang
i near a | fication o

no target aJ so .included. The isothernal
t ar get 0 Dl\%i?ézg@% m's{ 'ag%Mid&'fP' 18 mMACERs Lo imMATIRo 0 8. jER, 0.2 mM

donat / ; l he | gty
Carri ad PP (SPES Han) Agdiand), cveHMR0E 8b'81vbeiRl, 10 (B oBORBIEER | O gl
el ect r opHAmebhion; AustigyTX),3)6 Uhits/al recorabinanteiborailease ilbigb (rRNaE Promegnies #

1020 B0 WL T sk A0 £ Savroe dGqeiagn Bsnipledosi00bl o1 o
i n react, 'Wﬁnﬂﬂcﬂdﬁ;ﬂﬁtc\ﬂlig?ﬂwled?{db (Bro) e '“@%@%‘iﬁg R‘(‘gﬁggsl?h Probe

LS

I'AOLO Hybridi zation .and_autoradi ography to the S8 e |linear
20 anpl i-Ae@giionsvere esssmbledwithalhpotporiings ket the twreenzymés. Afterhdatingito

Conponent oy T a0 sErondiin Ereipitable3pctmal &7 diiReneadi osOeuiaeimerne °
e e e e e e T
~ (1 Ab35b). (065 Ynits diluted: fiom the HUfuj stk Iselutipu in 10N ris41GL, PH-81%30% t h -a
Seauence oz, SoBAELR MARR PSS AT AR R AT TS oo
o . polymerase (2.0 Units, Panvera, Madison, WI) were added. At the end of the 60°C
- incubation, reactions were cooled to 4'C. A volume of 5.0 ul of strand-displacement’ -
| pmduct was added to each RNA transcription reaction (total volume 20 ul). RNA ©
20 transctiption was performed using the standard conditions and scaling up the reaction
-volume to 20 ul to provide sufficierit material for direct gel analysis (5 ul) and probe
i hybridization (10 ul). ' . o ' S
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 ssSDNA product with a defined 3’-end.
The formation of a defined stop for primer extension can be achieved by a blocker, which
hybridizes to 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 pﬁmer site,
.provided & stop point for primer extension, thus leading to the formation of a ssDNA
30 product with defined 3-end.
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TG (SEQ ID NO 11). The anplification reaction standard reacti on conponents
used for this anplification reaction are as given above. The initial

denat uration step was perforned .at 70" C for 10 seconds. They;egestions
wer e cool 0 65 C and further incubated at this te erature for 30
mnutes follow ng the addition of Bea pol ynerase and RNas@@/US@28843 1 AuG
2005 WD 01/20035 PCT/ US00/ 25104 hybri di zati on was detected in the control

reacti ons.(no ke SAGRRd

Pronoter-tenplate ?)s{fggag%igﬁo?ﬂge coup e&q‘@S? &ﬁgwﬁﬁﬁ@aﬁy%mhanwd

anpl i fi caisparmald lncalammdrﬁcpummmetﬂmd qfﬂbih&&ﬁtrdnﬁﬁﬂ{o&hﬁncﬂxg@em&bwt ide (PTO
cont ai ns SS al sequengce notifs; a T7 pronoter seqy

(5' - TAATA%%@&?I]' E&Rﬁ%&@f E@‘F‘DDN’QQIW):’) eapty; langdgl@ n‘%@l@(ﬁmp'énent ary

| 20125, - TBOT R PRUSE TSP ARRItE stvplta Ry g o R kol
GGAAT TCTARDIMEGACT CACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTG  ATCAAAGATCCGTG ( SEQ

I D NO 8). 1A012 PTO contains two sequences in addition to the core T7
pronoter: a 5 -extension (5 - GGAATTC (SEQ ID NO 21)) and a spacer (5" -

5 - extemothnrlanﬂhnmwmatnon IA015 PTO has the sequence of

' TAATACGACTCAGTATAGECGAGA TCAAAGATCCGTG (SEQ ID NG 10). | A012b
PTO is a 60-ne Wﬂﬁﬁeﬁé‘cﬁ spmpesiie prigters mdheamplificalion | A012b
PTOIhas tghethedsiofie fivedfo asses

- TAATACGACTmmATAmm&%mi&%‘%ﬂM&WéﬁwﬁwgffgE&"q D
NO 9). | Apdopl senetignseontaining 20 ani Tris -H@htpfh&ﬁ,ﬁﬂliMg@b,thm daoém;am;e of

Lﬁ?égguel eot%ﬁsfiﬁgmé%@mo@é%@@mﬁ g‘dA’Ef? ge Pe

(Di vi si orDMSO, B%Elyaml; moug/mlaice BSAAmbib) A@&,WOV@U&@GIGE
purlfled 25 neral schenmatic this arrpllflcatlon et hod 1 s
S ipuclagse ihatites

i |1 ust r at™&EPP wm»,PrgmemMamsom Wi FouMicaop®sitend
| AOESb t Gorfxhéty 200 Mﬁo&%%&ﬁma'oﬁfg%nw&&& (PTO)1A015C. The sequence of PTO

IA015Cis dlsclosod in Example 1. The sequence. of composite primers IA005 (20-mer) is
disclosed in Example 1. Other. composite. primer sequences with alphanumerical names are
-as follows: S : L
_ IA019 (20-mer) - . ACGGAUGCGGUCUCCAGTGT (SEQIDNO:2) . - .
20 TA020 (21-mer) GACGGAUGCGGUCUCCAG’[‘GT (SEQID NO:é)
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. Am. Chem. Soc.
120:11820-11821 (1998) and Scaringe, S.A. Advanced 5'-silyl-2"-orthoester approach to
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substrate for T7 RNA pol ymer ase was assessed by conparing the anmobunt of RNA
produced after transcription of overl ap-extension products fornmed between a
synthetic :oligo product (1A009) and each of the PTO s. Synt Ngd §0g5 ol i go

product Iwo®9206sa 100-ner 30 with the sequence of: 104
AGTGTCCACCCCTGOOGGGATI TI AACGGACAGCG 70 3 1 AUG 2005 w0 . BIFESH

PCT/ US00/ 25104 TT1TGCTGCGCTCAACACGACCATGACCATGACATTI " GTTGCACGGATCTTTGA

TCAGCGTAGRKA(digonudedtide sfijthesid avietiods i Eﬁ%wbgg% §) R Prtibrd Wekt PAGE
reactions ;i.o taining 20 mM Tri s- HCl m\/‘%% 1 n1\/|eeach dNTP

(dATP, dPHBl CTP, dGTP) 100 nM IA009 100 nM.PTO, and 1 Unit Bea DNA

Do 950 then ool hEemb NS bt bGRpM e akbenf v il rB i ARET o
pol y mer aslmaungaﬂo Oifor Mesecorids @mb@hfgdmma% therhfal cy%@erf(Geh%ﬁméo PREHiA ON

(2.5 ul') of the reaction mxture was added to the standard
tradscri gelmss), reagtionsivane pooled toe5 oSt Ge Upon atisining theolowee kaipetatrey .08

wergne 1 ARLPE kﬂea#é@t(éﬁﬁ&o% 3 10,5 Ul sk seltion e gémgh?sgfmém"&'wenf W10,

: ﬁgig,b llf%ﬁgm | A012b Y?S%%""%Su'égb res%?svt%l @%ﬁ | y mlorAglgNA
s o e

gce)nt ﬁls?lr r!a %%‘%&?d&%@éﬁy %@%ﬁtéﬁﬁgaﬁfﬁmws At
product Sﬂ;%%%g?ﬂgglfnﬁi{ %azilgﬂt I on Oﬂ%fcﬁéaﬁgfho@ Wﬁ%ﬁﬂﬁn‘w q%%p

desi gned &mvcnmxohmmmwuem@&fo%s Hotgsliah o @%ac%dsfboataﬁmghcstho@g gr oup

(biotin) .to el i ated the free 3'-OH, to denonstrate the inproved
per f or naHBgAAM "°“‘°B‘Fttﬂ9@9"@?@d 40 M TrigyHCh@H 8.6£7GmMK S 5 0maMPTO

ellmnatmt f,i n of a
functional prro?rr‘gjtgi e*rAg?e,z' tijiébn‘(l:% S?}é é%ﬁcﬁ%ﬁ?éﬁ%rmb@%gﬂeadl ng to
non- spec i#mershamk 7 5% BMSﬂ ltUanUaermasm(PmﬁﬁthMﬁIsoﬁhwn I%afzormﬁfy:ﬁ of
3- ocke nd unbl ocked. PT th nhanced j sot hernal |inear

m@?. fi c PM‘%“"‘&% QYaggDy fication of a synthetic

.ol i gonucl eot b Oty t;,%‘qg{s, fdid difiad ocked PTO
..(I'A015c) producé= corrpa?r abl e yldgfads lg-é‘%?wgéwaw@%ﬁ%f&%ut wth
“si gni fi cSAMPYsiteprimers wrrn resalvicd '&Sgdmphoré‘sugwmoﬁm(inmmu&io dareclsl ar

o one ! aleher AR 15Re tates £ TR, Tn R0 1ABTS S faes 58: FAlR, 1

60°C; lanes 7,8: 1A019; 65°C; lanes 9,10: 1A020, 55°C; lanes 11, 12: IA020, 60°C; lanes

20 - 13,14:1A020, 65°C). The composnte primers were designed to hybridize at the same site
on the targct strand, and differed by the number of dcoxynucleotxdcs at the 3"-end. The
~ highest yield of RNA product was produced with primer 1A020, followed by IA005 and
1A019 equally. The other four composite primers yiclded léss RNA products. The optimal
temperature for the isothermal linear amphficauon stcp was different for the differént
25 primers, as expected. | ' '

Example 6: Isothermal sequencing of nucleic acid targets using the linear
amplification methods '

Nucleic acid sequences to be analyzed are first isolated from their sources. Non-
30 - limiting examples of sources used in this example are animal, plant, bacteria, viruses, yeast,

or fungi. Ifthe source of nucleic acids (DNA or RNA) is from animal tissues, then the
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. 1010 copies 1A01 3, 30 mn; lanes 6,13: 1010 copies |1 A013, 1h; lanes 7,

14: 1010 copies 1A013, 2h; lanes 8, 15: 1011 copies |1 A013,.30 mn;
reactions 1-7 were not blocked (1A015b), reactions 8-15 vt élbposked

(1 AOI 5¢) qat.Lve control reactions (no DNA tenplate) eacljons

cont ai ni )n‘ao?}%@%%opi es of oligo target (1AO 13) were anpl E&&l@%g@fﬁﬁ% strand
di spl acenent for 30 mnutes, 1 hour, or 2 hours at 55C, with either 1A01 5b
or | AOLagssidis!HesiRmenifed SohlchRAbr SubRER 95 8@&3@}“ bIYNGHatk RetlsTo- OH was
not bl ocked, 71 \;ﬂ\%é01120035 3 1 AUG %@H? eUfg 0/ %@2 non‘?%pgglfioc RNA
was pr odUeedme sepdrated framithe penmentivotissuer €duticeisekércised foqrevdnt dépradationi fi ¢

RNA band. t, L , th | PTO d d [ iy, | nql
or oduct 00 38 b BLAREA st Sicating AEeenoiieDNA g
DNA by t ' | ' [ fqi | | ted
From o5 rpndfind SEGSELHR, JEHMRGRT a4 336 be BERtc o balfim I Yifres 62\ P,
medidm C&i dnsprofit smlirdms, 1.¢.AmprieanWigsae TlypeCaltare (ATIO@)i | i zat i on
G nei nnatPereBineahihe i ptionEtinand deveponomieBbiisiadi iy sceadACn
Briefly, Rassiatl By ¥l he staﬁ&érhg‘i&t‘aéolgmﬁmgrs%u%k'&g rg.oqqu? kg S
p In I g uffer

m nutes. Cell pellets were resuspende act ozymne st1on and

“i_.ncubat edselatigideic add fionmplantscelSicen aize be tfoung ih Cuadent Protsolslie Moledularhe end
of the digestion, wthout any.visible,clums of undigested cells. The
'ysate wlBonevaerg dhis SpupEhebidrRsidis oo 2 eSS, RS SXAPER
Ceni@r, @aotkia)ydakt, fsbd, oan)ﬂusdapﬂ@m;mﬁ’aém]&o@gﬂy hfeSusdd td ROt RIBRES &fdir €

DNA was precipitated 15 fromthe solution'b dition of 0.6 volune

i'ce- col d Bresepwsitocoly qan beifpundintSambroek etzl. ori tPratocolsdmMelapdarBiglogy t he
recipit _ : € centrifugation for 5 mnutes at naxi num
P hoed | n 1or dackbia, Vet Rigi s, :

speed in"a mcro- DNA pel let. was washed with 75% ethanol,
centrifuged agAmplificationof thesqefingd tarpet nuicleidicid feqiedideds cdrfiéd 60 abidescrited , pH
8.0, 1 ED&Q’E@ﬁ heat Ilﬁ% at. 50-55C for 30 mnutes  wth frequent
agi t at'i oo R joearamplHication, as described heseine Abous B tad 0y copies iigtsed foro
gaugs sy rteghitd) IREM8ItHA t& GDN}? @%@ ' mrgﬂ the
sol uti on. DEIA was prlglci [t)_i ?%?Jgg&glgdai n %gﬂxgbc%ﬁ B%/Qf‘ﬂte&wad | t)}t%arﬁggﬁ‘ 1110
vol ume ofussd/fertheamplification methashy thedsequéncingsreactionauixtire nchudos the labideder
e o Bdsrp AR nkiBgs. e Blon dudfor T Mnitfiely I8berc b foulbask BC hAdCH 1 ¢ Q™

- reaction tube. Otherwise, if each 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 analbgs. These analogs are incorporated to the
primer extension product by the polymerase and serve to stop further extension along the
© target sequence. The resulting trﬁncated extension pmducts are labeled. The accumulated
_ multiple displaced primer extension products- vary in length, according to the sitc of
incorporation of each of the analogs, which represent the various sequence locations of a
25 complementary nucleotide on the targef 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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am cro-centri fuge. The pell et was washed with 75% et hanol, centri f uged
agai n, and 25 resuspended in 150 ul TE Buffer. Two dilutions in TE Buffer
were prepared for O D. neasurenment (Beckman DU640 spectroplddtAMGeNgsr), from

whi ch. DNgo@@R6get rati on was cal cul ated by assunming 50 u Sﬁjfu
produces an O D. at 260 nmof 1. DNA concentrations of t%/ \/?gagsl}lﬁjtions

were 24.2 ug/10 ul and 24.6 ug/10 ul. The average of these two

neasurenmeagan(&ﬂ&au@inddhduiohsf&rdpﬁﬁﬁp finde 8 BRMISY ahallesi? adcok genone
30 copi es 5 fg of E. coli geno?n&goDNAep f@qlpl)l a\?XISD 01/ 200 5 31

AUG 2005 Oﬂhﬂm jof Secinvensioniace mnlaewnameefm btlnegrekupllyldemﬂwd methiod®, was

1y dil 5 ul
Zgagﬁurgd Lyuh@%ﬂ ng 5%@&%‘? n%:o&pﬁ%ﬁ@ lhgi%? Hb?"gm'éﬁ'lﬂeu‘ﬂ&l on

i ce. Si nghespesificindepor2iohlofeRoPMAdALHANNR edldsheCtip of 3
Reactions were Fssenbl ed to 5 contain no ?a?'éénﬂé?éi)f%ﬂ 109, gcaglr?ogﬁgm?( 09

copi &s of® in Ahpart.f TheprioSite oftbe pburdluy ofpriiner &8ensionpraditcions

cont ai ni 5 c2.1.0 oM ATP 1 0 dCTP,
170" m cpAited il ool e Bininglor ipalos s cpgipatierds i Buelioti Y
gl ycer ol ,test.niflei¢gicid segaencsl at ed BSA . (Anbi on, Austin, TX), 0 6 Uni t s/ ul
reconbi nant ribonucl ease inhibitor (rRNasin, Promega, 10 . Madison, W), .5
UM conposite primer |A005 (sequence discl osed in Exanpl e 1), 200.-nM -
pr onot er -y&10 cl osed in
Exanpl e 208t the two

enz§bes. Aft erAmpliﬁcmiym df@hc (Wﬁn%@taré& n&@léﬂi'%?d bdlluén&r 1995&%8@(' defteibenl -
cycler ( neWﬁO Perkin Elner), . reactions were i ncubat ed at 60C for
30 ni nut fiop, vhich inyplves tramscriptign, as deseribed hegping s - di | ut ed

Hbr éQieﬁ‘“é‘pP*:eﬁ??%m‘? Pl b il bbb i roblct sifiiedlptie O
pol yrer adwoquet of theiisothermahlincan amplificaion, deww?ﬂdadnaflﬁé)ohmm of the
otrand- o ppbluet GRIPLPA% AELE00NeE reculthcana ot aeeordias:  on

(totsl vabmre&nuwvenmmeamﬁ@mmmnwﬁemmm fbphidfe Standard
Condltloﬂg i ‘clalln% up, the reaction ' volume to 20 uI to p ovl de

sufficie batsranglogscwhigloare somimyenl s uged inlopheaseuencibg methods -
known in the art. These are incorporated to the extension product by the RNA polymerase
and serve to stop further extension along the target sequence. The resulting truncated. .
extension products are labeled. The accumulated multiple displaced 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
‘ot 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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hybridi zation (10 ul). Unlike the anplification of defined single stranded,
synthetic target, the anplification-of genom c DNA according to the nethod
of the invention requires the 25 formation of a defined stop IfMi§ 205e-

f or mat i onyg 01Ros product with a defined 3' -end. The f on. of a
poast Bl

defined stop tor primer extension can be achieved by a' bl
hybridi zes to defined site on the target strand and can not be displaced by

the pol yn¥hassquencel vatiatioh detiinimsspesific penbtypasmby B pomt ButaBorSinplch
sequence u st.reanLYof the priner site, provided it stop point for priner

ext ensi on‘,“%?ﬂﬁ'gclpg dnerphisg (SNP); igsertionsdeletions andtheli®0 product with defi ned
3-end. 73 WO O : PCT/ US00/ 2510t ' Successf ul .
anplifi (r;g} i on o# ia ﬁ?ﬁgﬁmggéﬁg%c@%g& RSt Souench §s Gapried aihas desgribed

i sot her mafor hinplificatiorpdf gdnogiié Blcolielioshce intthe abdVecdkample, Ui 'H?é"ge' igure
9 (L%ne 1: % DNA; Ianée 2: 107 copi e.scg’.mctg?? genom’ gﬂDNr[%\m%I an @%rrpty;

| ane24: 1¥8ckigprsmerand dINA poliumerasecwinish)is devoid eSpiof padiog attivity, theown t 0

T L gt S A B 8 o R or b ©
| i near angenofyipeaSequentseafistidrohagiterents hybitidization 0fthe I LeRE oP@ngBH%&é fo fe! MEr'S

in the anplification 10 Methods of the invention was assessed.
i sot her mat2rget ?‘C&ﬁtﬂ serrence Wil prrysntamplification. iThe aGiplification pradansis

cont ai ni Nget, | S : MCL20 . dATP, 1.0 M
dCcTP, 1.0 mwééiﬁi_ T%P;FYO‘?%%%% ,%chpg? Q%J&P%‘A’/'?aﬁﬁ'ﬁgé ‘qu‘g%RH%‘F'vSﬁﬁﬁ‘) . 6%
DVB®0 8% segigieey which-i9Rnowpt inl theas) FopeatniieAhé ﬂgbﬁa@aﬁoﬁwﬁmiﬁcmele@- 6
ni ts/ul reconbinant ribonucl ease inhibitor (r sin,. Pronega, i son,
Uni t s/ ul '(iit 'btﬁ%l i.nhibitor (rRNasin,. P Madi
W), .5 (Rfeestgsetideprebesio W‘f@@“ﬁ%ﬁ%ﬁm@&@yaebem presiseot | de
(PTO 1 A015C. - ThRQs&ORH&8 te f% Lot G o d @% The
" sequence. of conposite pri rreéraéwlgig&d g%@s?gsl%ﬁgjl}%gg%éshe%%cﬁ&n‘ anptog 1.
Q her: . cefhomozyeote or haterozygote gen®ypayiit il feasibitrncamnyr dut tie angilifisativueof the
foll L «EED . UGCEEUCU GI | D 1 2), .. 0 1 A020
o o AR TR e SRR (0 L0 o i
15 - the wild type and mutant genotype, or one genotype and the other genotype. - The
amplification reactions using the specific primers are carried out in separate reaction -
~vessels: The detection of amplification product in only one reaction tube orless - -
- amplification product is indicative of a hornozygote genotype, i.c. either wild type or
mutant homozygote. ‘The detection of amplification product in both amplification reactions
20 iiidicates a heterozygote genotype. ' ' '

- Example 9: RNA portion-based isothermal mutation detection utilizing amplification
* methods : o S
The isothermal amplification methods disclosed herein are used for the detection of
25 déﬁn'ed 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-strarided (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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- Wwere reso

Four ot her conposite prinmer sequence were used that did not have

al phanuneri cal nanes, Their sequences are, respectively: . (1)
GCAAGACGGAUGCGGUCUCCAGTGT (SEQ I D NGO 4)  (2) GACGATGCGUCT CEAGTEFin6 SEQ -

NO 5) 25 vwah1/esCATCCCBUCTCCAGUGT (SEQ I D NO 6) (4) P $00/25104
GACGGATGOGGUCT OCAGUGUCCA (SEQ I D. NO 7) These . conposi te prilter e HEre

synt hesi zed by Dharnmacon Research, Inc. (Boul der, CO. The RNA portion of

the oli g@rmt!ﬂa@mwi&uv\ﬂmaﬂlpmmtdsn scﬁdmyslmlg)ﬁ:t 19* toSdUoii{ IW&b%bfmgssm&Up in
conjunction w th an ﬁ §Iugglle 2' -orthoester protecting group (2' 30
y

bi s(acet c}%g 't REssmposite prarer is9sed.i Ahe pregente of ssquerice J. Am

Ch S d
5' em thlte{a(l)irgg ﬁééézl'[%e{rp]’ appr oag:lﬁ\??%ﬁ 2 o IPZ%%"%‘"!’[“MEG%WS‘&
PCT/ usowmﬁﬂmayswmé toothie b el kRS 1 fot@iths first Ml AEldr %‘EE\%* ?.@mgg% g : n

presg Priners. were PAGE purified. Reactions were asse
conp nent@@ﬁ'@@ﬂoqq%lstm@%réykaBUCleQ,diNawdﬂﬂlmgcleav&ﬂmAmoﬂﬁbnsﬁahmds in

el & cool Bre BEREFRLURESiHRlo TRV ag Ohibe KB porioh ebHincaeostr o5 Uni

of RNase prin(diu drtthe Prifep ekﬁehﬁoﬁgidﬂu&tégi/o 3! igfam&eg%y e S;ﬁeééhéamt / storage

sol uti on: Tris-HC gl ycer ol er nost abl e
RNase FI m‘E‘Bf“@ tlhés m«‘r)éem’{sw@mgge, Mi@n cm/agmp)tean@r fadicd the tfficbacy Dithe

pol ymer a wer e ed. The react ons wer e

i ncubat e?ﬁa(,gg& %5”‘%??%? 028 % s%%p%r &1@"8‘?"‘?‘%"?’ ﬁ {raten,

r ead®i onofther® RNAIpeatiomis4thibited by Rmsxﬁatam 61 th® tdadbn d&%edtdbavé CIHePL1 ON was
per f-or me for 3 hours in 10 u] reactions containing 2.5 ul of

d
linear adpt¥ lft?’c?gfl?eoﬂ’m& iPEes hbndigedo the tget pr@cmfurtwistgp@fpmnw KO,

glg m:ﬁﬁ?;x'ﬁgsléﬂstrmg%/o O 1 Um%flaﬁa\%m n m %@fg‘%‘%) and 20

Uni ts T7 prody %Nmrpanmmagen praducts,con ladktereof is Vikhlahzzd by pel edscadpledresiof t he

enhanced e Tpse] f i on generated with each of the conposite priners
F SP%%/ He‘*lec f ophoresis as shown in Figure 10 (Lane 1: -

15 . Fa_ctors which. contribute to the inhibition of primer hybridization include the size of
the hybridizing oligonucleotide and the stringency of the reaction condition. These factors
are considered in the design of the composite primer, according to techniques well known
and routine in the art. L I A T

. Acomposite. primer that is complcmentary 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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nmol ecul ar wei ght | adder; lanes 1,2: |A015, 60C, |anes 3,4: |1A019, 55C

| anes 5;6 |1 A019, 60C, lanes 7,8:.1A019, 65C, |anes 9;10: |A020, 55C;, | anes
11, 12: 1A020, 60C; |anes 20 13,14: |A020, 65C). The conpdsi & W5 mers were
desi gned di ze at the sane site on the target strand and dlffered
by the m}{’ e{rhlog?é deoxynucl eotides at the 3'-end. The hi gﬁgg/{"{? % of RNA
product was produced with prinmer 1A020, foll owed by | AOO5 and 1A019

equal | y. préventetijard tfx@deteammﬂvdrﬁkuaﬁﬂltﬁﬁ?egd&érﬁ{lﬁ'ﬁ%n'df gﬁﬁeatan Oifichs is The

opti mal erature for the isothermal |inear anplif tion step was

di fferent‘n‘fgﬁwﬂ? agormalgenetype priners, as expected. Exanple 6: Isother mal

sequenci ng of nucleic acid targets using the linear anplification nethods
Nucl ei ¢ acid sequences to be anal yzed are first isolated fromtheir

sour ces. Examplo10i Genb asiRp o tRérnd A Wnfifi ﬁSﬁ'n‘xé?h & s are
aninmal, plant, bacteria, viTtuses, of

nuclJei ¢ am&..mm Td%thﬂs from ani mal tissues, then the 75 3 1 AUG 2005 .
WD 01120035 P tis s..honogeni, zed, oy. soni,cated oy subjected

to sone for Cegﬁ“@%ﬁ%ﬁﬁ@g%éﬁ(ﬁ f&%‘i'?"g‘of‘%‘ e deseq @%%W%%WP{?% t he o
connect i Dretdriniretion o@%ﬁubm 1d§nﬁ¥@fymy§ﬁdxz£ﬁbxpéﬁ)5€ahcgﬁﬂiqu'ﬁérh&ﬁar uf’f DNA and

RNA, espe lally nRNA, and, to prevent shearin nom c ring the
handl i ng® Ya"ﬁﬂ@‘ﬁ %Qﬂethcmihﬂﬂnab@eﬂ@d@&ﬂmahmnba mﬂofalasdtb dmplificationrer ci al

it Ti
Tyne ool Pldiet Spa o mebod SO IRt stpe PRt and Fopi R o
gerl®ni c  bdlised inthybridbxiitionosf spabiﬂccp&sbes bPrdbePSRERIE 1Y a HOfiheY | so&y?% gadar d

protocol § found in gf-gb ok et , al. supra. Protocals for ng nucleic
acid fr oﬁﬁmﬁt I“gb‘nﬂbe %Jﬁtﬁ possiblg te deternming hybadization ddteriacul ar

Bi ol ogy shidhawill Wﬂﬂdﬁa liap sources,
-for exanple lsfup ctsgﬁ‘g,‘é%)sg%st ung?ﬂﬁoe&@ﬁéggﬁ%ﬂcg%taﬁherent

pr ot ocol smahﬁmi@e@ fope genwitynecandusit dhecotheri Gequeﬁbesmalfo@tdseﬁiaﬂ as agingt: f ound

i n Sanbr ni .Prot gcol Iec Bi ol ogy, for bacteria,
yeast , fﬁﬁ%?‘?‘id"%a"?. A rogc ‘ﬁ‘?"g';?f‘l g'hegql oviag qrﬁé(f“?lé‘?“dép nucl ei ¢ acid
sedencecomsideaationddr b,ﬂind@hdﬁ%ﬁtdrﬁe robiedéngtR QLMBEMARIre bf &%ﬁ&bﬁ&l‘ﬁiﬁd}i cation,
as descri bed hgm(ig?ﬁ About 102 to 1012 copies is used for "15 tenplate. In

addi t i onTEGHH Fraomposition; isgreticubasdivabent ionptaospiteatios. (IliNﬁRd))as udedt are
P?\gﬁquefs dr th @agggis&ﬁéf@éfn%lmw&dmay bl SR E W hol SufRSd | urther Hhe'"
. probes may be directly labeled or attached to a member of a specific binding pair and thus,
-able to specifically bind to. another mémber of the- specific bmdmg pair which may be
20 directly or indirectly labeled. e
- 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 PTOQ). -
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 ah-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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tri phosphate anal ogs. If each analog is uniquely, |abeled, all four can be
added in the sane reaction tube. herwse, if each nucleotide analog is

| abel ed with the sane |abel, the sequencing reactions are XhAiG #85in four
di f f er entywwoeagdoson tubes in which each reaction 20 nixturﬁch@&ﬁkﬂﬁ one of ™
t he nucl eoti de anal ogs. These anal ogs are incorporated to the priner
extensi on product by the polynerase and serve to stop further extension

al ong t hemethadsjaowadn therast forlixampde isclosed o Santtmosidetent t seprd. OFhepedifict s ar e

| abel ed. at | tipl i spl aced prjner extengjon products vary
in | engt rﬁgg%s?glr:aggﬁ% qlg%g%@]agg?gu@pglisnggpga 'it'GggB?t hybridigatiohs anal ogs,
whi ch 1 epletstsitand hecordedi BUWonfRstalsithasat i ons of a 25 conpl enentary

nucl eotide on the target sequence. Analysis of the reaction products for

el uci dati on ofPasticiesseciation duentattiybridizatiorbef specific prbbe to antplification grodbets
products . I Al ternpatively, ot her pethod f anlLysls can be. used as
Per 13 e 1§ St for the defsation gt probt hgbrdizate. Labrlehamplifisationmredistare
carried Qted8d pi j : | : . ' ction
Vossel 5. Chhor kAR plodue ISR RE bloB: ffiHcd Un dofid sIARERE RRACT G0 50
t ri phos preadaecondaddycompatir algonshmiie Thegenkratibn b bled laagsificatish frbducefzt i al |y

| abel ed, the , sequencing.reagkio e carried out in a single vessel.
The consi"’&g?"'a?t?“g _‘_‘P89’°g?¥'&"c°g_ I?HeTeﬁg'i%SM&ﬁ@W IIRYQMALPSDY IETHWHD/ 25104
reagent afbne ofthkifeur rNTPY by aGNTH a{awg?%{%'i_s REEIEA TRE fbePis. S@AA}J&%‘@&

anal ysi s accordin to the nethod of the Iinvention are si mal rto those for

ot pr duplgeule suchas biotipewhiehtis then detrhted bly birgling tp specific ibinsdingettity) siichn

product s ' LELer. 4 nagi ' ordance wi.th. the spegifi
i ncor por a{‘t\é’iri %t%%g%h g@ﬁga'i%ﬁ&%%@g{éﬁ'}g %‘P@"&X"{@'@&Bapgtseﬁdae&%as Yfy of a
vari ety kunowhimtitehds known in the art. The profile of the plurality of

primer extension products produced with each of the termnator analog is
i ndi cative of the nucleotide sequence of the test nucleic acid sequence.

Exanpl ¢ Exa3fslee0C Goopi) RNA SinBR! Sird MiGEdaaP! 1 f1 cation
5C 10 AnmpTiTication o e ue 3 tctett—atto Getice is carried
outldas dodelympephism)yr i sothermal |inear. anplification, which involves
transcri gl . i bed herein.. Ei.ther use of TSQ s or, PTO s may be.
used .t o U Bmifkis SEREE bYCR, AP Suon AL apeciSc et nuclel acid soquence
using the methods described herein and by determination of the electrophoretic band
- pattern of the single stranded RNA product, which reflects the single stranded

conformation. The use of SSCP for detection of sequence alteration is widely used.. -

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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product of the isothermal linear anplification. In addition to the natural..
ri bonucl eotide triphosphates (rRTPs) that are used for the enhanced |i near
amplification nethod according 15 to the present inventionJIitk§ ggauenci ng
reacti on wiodiomsal so i ncl udes the appropriate |abeled trﬂmgﬁbp

anal ogs, which are commonly used in other sequencing nethods nown in the

art. These. are incorporated to the extension. product by the RNA pol ynerase

and ser veaqhipved b{)"\clﬂstqﬁé?f addgrednterealatar. GH diévtrophorgtit patert ofi e amplfication

resultin . si;on products are | abel ed. The accumnul at ed

nul tiple hai s%%ﬁ%@ﬁ%ﬁf&ﬁﬁ@?@“ E@g\!‘?ﬁ ge‘lcﬁatP‘ghb@WPhﬁ%@ﬂéfﬁ@eto t he

site of immbipmididqaencelobbdndd ﬁ{m{_éms.@,@%?gé enfdiifh W&?’ﬁgpfmhé he vari ous
i on etla

sequence | ocatjons of a conplenentary nuc get Sequence.
Anal ysi s Hfctiopporedemobidity pattetnds indicative bfisoqdearice variabilige qhe sombinadsy ¢fat i on

can e ¢ L QL. St at .n the abov equenci ng, exanpl e. 25 Exanpl e
8: Cenot 3% |E h‘g‘%@%&f&n ﬁi%lﬂoﬁg?ﬁgf’ 1nyeRiaR apd § 3%1@ Rroxides a simaple method for bpththey pe
speci fi c dissgvayiof eequehdBpo i§m Gt e fired 1S3k r | Is using
nmet hods descr ?ged iqg pr evil%gﬂmelﬁtgrrpl egl&grﬁgé?gggﬂee'{w%e@gg%%{%& ?t?) t he

ski || ed dpreyigusly dafined gerotypes: gEir eleatraphotetic patearm b known aticlkicatided t o,

bacteri a, .\ e fungi east , antsg, and aninals are genotyped.
Genotype'%bcrsnge}cﬁweﬁn 5& ﬂ%¥%?@é§?@ﬁ@&@p@%éﬂdﬁ@mg@@r Y- end

nucl eot i gerodvttsadt icatiohest ¢ Fﬁy%ﬁﬁgﬁr f i .. acid
sequence,, or hyhQridi ze to thgﬁc%ﬁﬁte‘gr’part en%t“y’g‘é‘?’%g}*‘@bﬁ“ﬁ\f@“%@% WO
01/Bbo35 dstemmigation. 25104 The sequence variation determ ning specific
genotypes nmay be point nutation, single nucleotide polynorphism (SNP),
insertions deletions and the |ike. Anplification of the defined target
nucl ei ¢ acid sequence is carried out as described for anplification of
genom c E. coli sequence, in the above exanple. Using the genotype 5
specific prinmer and DNA pol ynerase which is devoid of proof reading
activity, the generation of anplification product indicates the presence
of target sequence of the defined genotype. Sequence variation that
prevents hybridization of the 3'-end of the priner to the -target nucleic
aci d sequence will prevent anplification. The anplification product is
detected by any one of various nmethods for detection of single stranded
nucl eic acid 10 sequence, which is known in the art. For exanple, the
hybri di zation of specific |abel ed
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ol i gonucl eoti de probes to the anplification product is detected by gel

el ectrophoresis. In cases where the genotyping of diploid cells is

requi red, such as the determ nation of honbzygote or heterozy??t ,
genotype, it is feasible to carry out the anplification of the ég@@%ﬁic

nucl ei ¢ a®; F&ﬂu e i i EC prinmers which are designed for
ei t her 1?'?%%%&{9@8 ype‘&gﬁ’dbﬁj’t%‘mﬁggﬁ%{'épe, or one genotype and the ot her
genotype. The anplification reactions using the specific prinmers are
carried out in separate reaction veddeABMSThe detection of anplification
product i A ne.reaction tube or less anplification product is

i ndi cati v@v%?l%dﬁ%ﬁ]gote genotype, i.e. either wld type or nutant
honobzygote. The detection of anplification product in both anplification
reactions 20 indicates a heterozygote genotype. Exanple 9: RNA
portion-based ilsot hérmethod fartampilifying etpelniuckeotidel sequdnne campleirkntant toan

met hods The iso; hegoal arrﬁl ificatian nethods disclosed herein are used for
the det ecty 8 POYMUSIEOtfeSeHURCRGPIMPTIYAE.  or pol yror phic sites (such as

SNPs), in a tayget Rybiidhifg agir@éﬁ%awgm é&glaﬁ%h?gﬁe wﬁg&! sécfﬁgnce

genot ypi ng or detection of nutation |Ieadingt sistanc e target
nucl ei ¢ adyith acompesitepriners said compositerratizukr(coipriBhiaan BNy pertioh naha dUDEMA
target -hﬁmgrepared from a doubl e-stranded DNA target or an RNA target
usi ng i soPR& Nl anplification nethods described herein. 30 As shown in

Figure 4, a co@osi bgtidhallyaybmdizig dhp%lﬁﬁmbﬁmwrbéi&goa RritfnhGord YPe  DNA

sequence is used in conmbination wth a ss DNA target that has or is
suspect ed Pplynylcatide seq@iengs xo pgivn ofthatempbosBhipiciy VSOt ®5a@4taa nut at i on

Wwithin th el o r, LUt [y, uf 102 to about 1012 copies of the
ssDNA ta%lzljtidlgdrt\@ngggﬁtcoaﬁ)%ggég"%\/}lﬂoéq@%{?ﬂ’é’g%?’e priner is used. The presence
of sequence a(d)er aitemdingtir cogipopitepfiér WilEDNA pdlpmesab&p oOf the
anplification mereby t he conposite prinmer hybridizes to the target
sequence to fofth t hefepyipg thetRNARortien ofthe annepled gompesite primer svithaneazy ae

product i { RR2SD . portion of
the ext e?&gggﬁﬁsgAg@We com@mﬁe%ég’gg%@g%g¥8%ﬁég p(grti on of the
conposi t ehylridizasitg thertemplateparidmepeatsqpriricri extension 8y etranddisiaseent] i s af f ect ed
by the presence,of, a ugiﬁrrat ch. tgi S prevent cl eavage, alter cleavage
patern, or rediCerebRm tﬂ??&?@ﬁ%ﬁ}g f cempleprentaysegueneg of Hictarest sguesce giendi ng
of a conpggiducedori mer to the conplex by hybridization '

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;

(©)  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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10 of the 5 RNA portion is inhibited by a msmatch for the reason

descri bed above. The - inability. of the conposite prinmer to ?ébr'dize to
the target prevents further steps of primer extension strand 'A%Iz%enent
and production of multiple copies. of the anplification products. The
anpl i fi caSingaporepatent Appl Nk 200204820-5s Vi sual i zed by. gel

el ectrophoresis or other equival ent neans. 15 Factors. which. contribute
to the inhibition of pri ybr.i di zation include the, size of he

hybr i di zi H&“%Wﬁ%@cchﬁl?%gﬂlymﬁ@%tsw GatRYAdranseripts g prodysed ondi t i on.
These fact tai L i ! i i mer,
accordi ng t&l(i)lﬁ?gg%ﬁeiqg%bs& g\/\glI{1 ? QPS@# %a{ri}gakg%f %Hn%rhﬁﬁ %&ﬁéég{é?tp?&ﬁ {Storrposi te;
primer that iswhereby embtiplacgpicoofthamirpétadquaiée ars pepdused i s, al so used 20
in conbination with a wild type ssDNA target in isothermnal
anplification-nmethod described above. In this case, the prinmer binds to

the target DNA3and yRdglBRa%IeKIANSE HF}Y\E 'il?eﬂscﬂgﬁ' ith
RNase H, nore primer cannot bi lr%ﬁpobﬁévh\?\n d %;%%A%ﬁ?mtfbecaq eTSl(t)
nucl eot i dprimesisel’ stithamspetttothe 31 DNlAepdrtiomo anplification product is made.

The anplification products, or |lack thereof, is visualized. by gel
el ectrophoresis or other 25 equivalent-neans. Parallel.reactions are al so

run. that inclyde erhOgkbRRHEhY GiAGhnSITRIG Al EldRba @ihe 17 e ence

sanple of target nucleic wth a wtd type séquence. AcC ation of nore
pri mer exDMfspemtiopr oducts in. the former conpared to the latter reaction is
i ndi cative of the presence of a mutant genotype in the sanple of interest.
Al ternatively, when the conposite 30 primer conprises a 5 RNA sequence
that is fully sonpl Thefetod of elafin 12 Whe@EWH COGRERe pii est
target, anplification of a target lggqﬁeng% of l%iﬁ%tyrrﬁt ant gg%g{l?%)%%fés 79 31
AUG 2005 U$8® 01/ 20035 PCT/ US00/ 25104 prevented, and the detection and/or
guantitative determ nation of anplification products is indicative of a
nor mal genotype. Exanple 10: Genotyping using isothermal anplification
met hods and geﬁotyp'Eheﬁe&b&@iffziaﬁnﬂr&ll?wm!ﬂéfdtﬂé@h@ﬂe@(ﬁfe%ﬁﬁ)ﬁ%& asequenci ng
by hybridizatign are described in previous exanples. Determ nation of
sequence fegBiatien pelynyslentidaisequenemis@rtemplats switch ptigorudlestida(T$QuI ar | v,
advant ageous using the isothermal nethod of the invention insofar as the
anplification

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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product generated by the nethod of the invention is single stranded and
readily available to 10 be used in hybridization of specific p}blb&200Pr obes
specific fora defined genotype are designed using nethods known in the
art. It is possible to determ ne hybridization criteriia which will support

sel ect i veSingaporeypntert Zq9p ONot 2082048205t i on products generated by
anplification of one-genotype and not' the other. Sequence variation as

I i ng| | eot i d t, prabehybridi zation. The fol | ow
factors are taken | MY BHUFHLPaYRSSHN s PelpBIclcatida pormprvRE & er i a probe
I ength, t@opohdtdtafd Mgidd @hith Ny bRiizad b e di%ﬂé‘é‘e‘d' ?@ier%%nﬁ% P@?u{tﬁ%@os' tion,

in particular divalent  ion conCentration. e probes use

ananl ysi stemplate sydtchroligohudléaside (680)my be attached to a solid surface.
Further, the probes may be directly | abeled or attached to a nenber of a
specific binding pair and thus, able to specifically bind to another

menber of the PpecifieGn&hddbfAaiRah r hi ' s -indirectly
| abel ed. Genonic DNAei_s i soIg?%@%’r%“n@%@??@#ﬁﬁe%ﬁggbér‘ﬁ@lilég)égsﬁénovvn in the
art or aspropreswidrisempiisestaregiabat the 8% anivhich hybtidibbtoitke disptdedgdinwirt h t he

descri bed lificatjo 0 nents, target-specific chipera priner, and
propr orroteé(?eq%@&@é?@&l’ (’@ﬁ?ﬁyﬁﬁ‘ﬁ’ ){merqqqee?(&gﬁxgﬁ Hgflisﬂlﬁcq THRE; o

i ncubat i qRo@RPHiddueRS FEbRANEHA ' - iBiopPoduRg! € stranded
RNA anpl iq?i cat?on product. Hybri ig@?feﬁﬁﬂgﬁ@{uﬁ@ﬁ?ﬁﬁ%ﬁ}xﬁggﬁuﬁ product to

genotype specific probes is carried out in solution or solid phase with

attached genotype ecifi rabe i nce the producgts of ephapced

i sot her nmal Iinléar Jﬁ%’?‘f‘f‘%‘&f‘i&?f%@%ﬁ%&ﬂmﬁm’oﬁnﬁ@ﬁ%ﬂ GORHASHE Whe products

are 'dea'ﬂrwpr&woteﬁbdp\-oPﬁm@dt&ﬁeﬁhPﬁtéaig%nﬁélbbtﬂielib??% such as glass slide,
[

to generate an array of spatially resolved specific probes (i.e., gene

chip). 30 Alternatively, the solid phase conprises particles to which

specific prob ar . tecti.on of pro hybri di zation to the
anmpl i ficati onqgf odﬁ‘gﬁéﬁﬁg&iggfr?l?%glegﬁz V%frq}gﬁegﬂga?g@) %%ﬁ%ﬁ‘?ﬁé? 1 AUG
2005 PCEith80#da5104 met hods known in the art, for exanple, disclosed in

Sanbrook et al. supra.. The specific probes is |abeled, and the change in
| abel spectral properties due to hybridization is detected and recorded by

conput er al gorjist heppe Padidhd It . h Kdi zat i f specific
probes to anpli fi meﬁ%é%%ﬁé??f)’? ?}éba %‘%ytggge@) ?%c?@%ﬁe %étog@f"?on of probe
hybri di zairvdtenedustiel ed anplification products are

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 (¢).

18.  The method of claim 1 or 2, wherein all steps are performed simultaneously.
19. A method of sequencing a target nucleotide sequence comprising:
(@)  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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generated and product hybridi zation to probes i mobilized on solid surfaces
Is detected and recorded by conputer algorithnms. The generation of |abeled
__anmplification product is carried out by incorporation of |abd e 406 NifPs
during the transcription step by substituting of one of the four rNTPs by
a rNTP andiagapoht patent AaheN6. Is a dye, or a small 10 nol ecul e
such as bi ot |gnp Wniii?h IS ?ﬁgrﬁge%gmﬁﬂtﬁgbi ndi ng to specific binding

| abel.ed str avidin. Methods for detecting probe

entity, such gﬁ) gpé ) .

hybri di zati on solPpHondllyhybudizipga POIMW“F‘%CQIH@IS&F&MCERW% 11:

Genot ypi n oSt ' . St el gR nmor phi sm)
Genot ypi nq)oit}bshuglar r ieesg%c%)d;gge%bﬁ #ﬁ@%ﬁﬂlg@%&%{cﬁ?ﬁ gp‘(g'élll #elée&'? g(%lget nucl ei c
acid sequgwbédizatiﬁmg"thdmnmtsheﬂﬂnﬂemhéhﬂﬁblﬁl@,’f ein and by determination of
t he el ectrophor e)Li C ban&. pattern_of the single stranded RNA product,
which reflects the &K581188 dhe compogite pamenith N polymsrase anda msgupe af or

inglo St andeq g anne Aalogt ShbEihal frt Bucholdh WA T RRSL URERRTBR oF8) o,

capi | | ary dNTdamalyghor esi s. The generation of single stranded product by
anplification %) ta{ege,t nucleic acid sequence according to the method of
en

the invention, vingithe RN Apoationyef the anealed pomppsitetirisndr avithpareseyme

det er m nakpQ QIRIR %ﬁi@@ | ' | rSSCP anal ysi s.
25 Purified t_le(?g‘i’lesgenoriiﬂl'gj;I I'S %ﬁ%@%ﬁ*ﬁ‘%ﬁ%ﬁgﬁégiﬁﬁﬁ%

anpl i f i catybridizesso thectemplathand repents primer axsendivn b ishast dibslicment dvlicasbget
specific glﬁum@site ﬁéétger anlg Bwromter sequence, such as PTO. The

conbi nat i © SPmF geemppiegisnian; auencs of thedyeptsenwanca assipreducsd pbn of t he
target sequ§igendthig reaction mxture containing the anplification product
is subjected to either gel electrophoresis or capillary el ectrophoresis, 30
using instr unef® ananalysng thepreduchofistepsr(a) theough (d) tdldetesrhime tsequehor. et i ¢ band

pattern of the anplification product is determ ned. The visualization of
t he ol i gonucl eotide product is 81 3 1 AUG 2005 WD 01/20035 PCT/ US00/ 25104

achi eved by i n@Ousi anmethod ofl¥Ruéitisey £ @kt liclediiR s6hRntd QRAM G ¢ pattern of
the anplificat iﬁo}n ﬁr oduct isseqcorrpar ed to t%at ofse%rrpl I fi1catl ogn products
lif

generated by a yhridizing afingle siandediDNActemplats chmapripirg the tanget aequeded r om
[ f in th l.ect ti. i1,
Sattern | SHBULASASHY Hime Ba CORBS i inkdhomprisite oS RAPH Poskbn aRo ' DA

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;

(¢)  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 mixturc of
rNTPs and INTP 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;
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5 the anplification nmethod of the invention and rSSCP provides a sinple
nmet hod for both the discovery of sequence pol ynorphi sm of def weA%Btlﬁlf get
sequences, and detection of previously defined genotypes. The 5

el ect r ophgy g4 k dﬂ'ﬁgi cid -sequences, or defined

genot ypes, ﬁ%n[;% % tRi)Pn nhed,” an ﬁr@gattern generated by products of

anplification of test DNA wll be conpared to known pattern for genotype 10
det er m nat i on. ({32 3analyametbe pre@iucteistens (petherugh fg)to détermif®62MeBR0- 5 CLAI M5

What is clainmed is: 1. A nmethod for anplifying a polynucl eoti de sequence
conplenentary to a target polynucl eotide sequence conprising: (a)

hybri dizing 2 3109 Thekeando it 199 fert TR RRAWbriliFof 6 ithpagguence

with a conposite primer, said conposite priner rising an portion
and a 3' DWer is§t withmespees)to st 3’ DAl portigror i di zi ng a pol ynucl eot i de
conprising a termnation polynucleotide sequence to a region of the
tenplate which is 5 with respect to hybridization of the conposite priner

to the tenpl atg, (cﬁ%&m@dbmam@l%ﬂa@ﬁ,‘&@s%Nnggionwﬁr%IR?A #g3; ase:

(d) cleaving the RNA portion of the’ anneal ed

enzynme t RBA parigles RNA from an RNA/ DNA hybrid such that another conp05|te
primer hybridizes to the tenplate and repeats prinmer extension by strand
di spl acenent, whereby multiple copies of the conplenentary sequence of the

target sequenczs.arep wtmm%teréu%emﬁ@ﬁggf@%@% gg%ﬁagagﬁggmldg A

pol ynucl eot i de sequence conpri sing
tenpl ate %‘éﬁ@?ﬂ@ﬂﬁgmphgn$arget sequence with a corrp05| te priner, sal d

it ' th d a rt
oot onal by hy bl o AmeSing ERaBRe b i Bids Frausies cameiing e itoce o
pol ynucl einteirei;eb)s drpunethed dfoclsint Bt 9/ wikrefnliRe $cq081c8 bE tHMRIGA Postioh ofthd N

respect to bridization of the conposite priner to the templ ate;
P compo%ﬁe pnmerais known, and i P w

(i)  comparing the amplification products if any from step (i) with the amount
of amplification products from a reference template

wherein

(1) production of detectably fewer amplification products from the template as
compared to the amount of amplification products from the reference template which
comprises a region complementary to the RNA portion of the composite primer indicates
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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(c) extending the conposite prinmer with DNA pol ynerase; (d) cleaving the

RNA portion of the anneal ed conposite prinmer wiwth an enzyne that cleaves

RNA from an RNA/ DNA hybrid such that another conposite pri meyry Njhy@pg di zes
to

to the te and r S i mer t ion by strand di splacene
pr oduce g’?b@‘ﬁg’&? Wéﬁz%lﬁlwﬁgﬁgﬁﬁéﬂggﬁg (e) hybridizing a - _
pol ynucl eoti de conprising a propronoter and a region which hybridizes to

t he di spl asequenpe iofftmteresttiecimiraterfzed i détetuiid By SehtOarEabittice bf Be!vitd 83 31
AUG 2005 Sin %Pore pat ent App. No. 200204825-5 ranscription to occur by
RNA polynéWBgéf“§ﬂ@h that RNA transcripts are produced conprising
sequences conplenentary to the di splaced priner extension products,
whereby multiple copies of the target sequence are produced. 3. The net hod

of claim1 or 25.wheTle methbeofRNANP23 twitste tHe seRn6OGIAS RNA paitibBE theS 5
with respect to, the 3' DNA portion. 4. The nethod of claim3, wherein the

5' RNA por{OResis PARFLEaBMIisesa sequence conplementary dma nButant besuentehant e cl ai m 1

2, whergj o & ' y d, 6. T t hod of
Claii 1 o Serle B M et RORP B0 o BinlBE i e basice AL Gt

pol ynucl ecequbnce.equence is a tenplate swtch oligonucleotide (TSO. 7. The
nmet hod of claim6, wherein the TSO conprises a nodification in the region
whi ch hybridizes to the tenplate, wherein, under a given set of conditions,

the TSO binds re 4y : ' onpar ed, t TSO wi t.hout the
modi fi cati on. 8%@Themr?et d&%d %%%‘Pﬁﬁh%%l"gér]“ 9,% SHEnEe ﬂ%ﬁ%?ﬁ}‘%‘ﬂ&l"ﬁ?i de
conpr i si ngomposity primert domprised ¥ suqabmrtdofplaRshta ¢Car dllefic Béqueliéd)anéd@uence.
9. The nethod of ﬁj %ﬂ m 8, .wherein the blocking sequence conprises a.

modi fi cat iSSHISPR Phimtarest isshatqicrized, ndoterminiag the pressneccangbsanee ofthellelic under -
a given segkq@ce.condi tions, the blocking sequence binds nore tightly to the
region as conpared to a bl ocking sequence w thout the nodification. 10.
The nethod of claim1 or 2, wherein the enzynme that cleaves RNA is RNaseH.

27. A method of detecting a mutation in a target polynucleotide by single
stranded conformation polymorphism, comprising analyzing amplification products for
single stranded conformation, wherein a difference in conformation as compared to a

._ reference single stranded polynucleotide indicates a mutation in the target polynucleotide,

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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84 3 1 AUG 2005 Si ngapore patent App. No. 200204820-5 11. The met hod of
claim2, wherein the polynucleotide conprising a propronoter and region
whi ch hybridizes to the displaced primer extension product. i 81U6tl8lpl at e

switch ol ¢ 0o} ] (FSO) oy . 12. thod of claim2, wherein the

pol ynucl eg?‘%ﬁ%ﬁeﬂé#&&t pl%go'érﬂgé&gﬁgﬁég conprises a region at the 3' end
whi ch hybridizes to the displaced priner extension product, whereby DNA
pol ymer astermiatos palynodleaide st@uenck @rmprivingex tepijtate Bwitéh lifolicleutidd (T89),a

doubl e stranded, pronpter from which transcrigption occurs. 13. The nethod of
cl ai m 12, VHFERShR terminatign palyapelsetidesequnnse ieffeets cesationsf DV raplieationgofa

propronnt&hggﬁ%rg%,ggﬁ%%wg eotide (PTO. 14. The method of claim1l or 2,

wherein ste are perforned in either order. 15. The method of
claiml1l or 2, wherein steps (a) and (b) are perfornmed sinultaneously. 16.
The net hod of ﬂ ai m“%?]or 2, Wherein steps (a), (5b ,_and (c) are perfornmed
si mul t aneous| y24:17 eomRasiion afclaim 3l pwhexsin the 5y ien pdiacent tathe (b)

are perfog:@ﬂ#g&;rgéfg ~step (c¢). 18. The nmethod of claim1 or 2, wherein all
steps are pertorned sinmultaneously. 19. A nethod of sequencing a target

nucl eoti de sequence conprising: (a) hybridizing a single stranded DNA

tenpl ate corrp[]ﬁi ng..f he tarq,et sequence W th a conposite priner, said
conposite pri co—ﬁé‘??%ﬁ’@‘%@ﬂ]@“ﬂéﬂthﬁfemeé’ Arpestionisrabpéd togs 31 AUG
2005 Si ng SR > - opti | | yhridi zing a

pol ynucl e%?%go ggérlrﬁngu ng tgwgepgrr\?’gé%%%ﬁqs %%*J%ﬁ%geog??%gu s°e°3%§‘g§ﬁce to a
region of the tenplate which is 5° with respect to hybridization of the
conposite prinf to.the te Jatef:; (c)..extending_the conposite primer, with
DNA pol yner ase>and LG $omRAskiogo claim’31, 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.

35.  The composition of claim 31, further comprising a propromoter template
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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dNTPs and dNTP anal ogs, such that prinmer extension is term nated upon

i ncorporation of a dNTP analog; (d) cleaving the RNA portion of the

anneal ed conposite primer with an enzyne that cleaves RNA frpom an RNA/ DNA
hybri d su%l t hat anot her .conpQsite priner hybridizes to the érﬁdﬁdﬂﬂé and
repeats priRSAPEKe BadeBh AP Nea2W0204820Senent, whereby nultiple copies
of the conpl enentary sequence of the target sequence are produced of
varying | engths; (e) analyzing the product of steps (a) through (d) to
determ ne sequence. 20. A nethod of sequencing a target nucleotide sequence
conpri si ng: (apPhybrlihgiredotign misturepfelaimr 3 dederdihNthetcompbsiterimmpomptisey t he

target se Lth a. site pringr ai d,conposite prinmer conprising
an RNA po%t%?gﬁ@‘%ﬁ ngnﬁ%lﬁ&pa P?titgmcrngém&I ly hybridizing a

pol ynucl eoti de conprising a term nation polynucl eotide sequence to a
region of the tenplate which is 5° with respect to hybridization of the
conposi te pri méf. t o Theaeactiopndxtare ¢fclaimvd fatthey comprisingrmoaizyme pehiicher wi t h
DNA pol yner ase; ). Cl eay A portion of the anneal ed conposite
primer w tcf.'ea%s%lﬁ ﬁ@“@@g@ﬁé\})‘wﬁm froman RNA/DNA hybrid such that
anot her conposite priner hybridizes to the tenplate and repeats priner
extensi on by strand di splacenent to produce displaced prinmer extension
product; (e) hyri difhemeactiopolivturecdfatatimdtd, sdwrwin thergzyangis RNaseldt er and a
regi on which hybridizes to the displaced prinmer extension product under
conditions such that transcription occurs fromthe extension product by
RNA pol yrer ase 42usi Mhededttish wiigulf of AFhPR, Aitthet DRprdiRg @PaynMdéhat RNA
transcripts are produced conprising sequences conplenentary to the

di spl aced SpMPHERE @ prememeterpr oduct s, and such that transcription is

term nated upon incorporation of an rNTP anal og, whereby nultiple copies of
the target sequence are produced of varying |lengths; 86 31 AUG 2005

Si ngapor e pat ed8. Ap(TheNeactigf fEbHAT-chith02aadkesi the pbliausleilecompisingaps (a)

through (e) to determ.ne sequence.
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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21. The nmethod of claim 19 or 20, wherein the RNA portion of the conposite
primer is 5 wth respect to the 3' DNA portion. 22. The ﬁiﬁ%ﬂfmcl aim.
21, wherein the 5 RNA portion is adjacent to the 3 DNAn;P;{) 023, A

nmet hod of & ri zi ng .a .segue i rest in a target polynucleotide,
said met ho%’“g%ﬁ%&?ﬁaﬁgngégpiﬁ& 26@?@%8@%2@ ate pol ynucl eoti de sequence
containing 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)
conparing the 3gplificat,ion products if any fromstep (i) with the anbunt
of anplificati &% prddgditoticlaim4s, whewirthe polyangtatide ontprising a ptaprometediuct i on
of detectgblyghewer anplification products fromthe tenplate as conpared
to the anmount of anplification products fromthe reference tenplate which
conprises a region conplenentary to the RNA portion of the conposite priner
indicates that the _target polynucleotide does not conprise a sequence
conpl enent ary 8- t hd hrig ofgsgvmi%nwbmtme polypudeatislepoimpesing agrapsomotsequence
variant wit hprgspect to the sequence conplenmentary to the RNA portion of
the conposite prinmer; or (2) production of detectably nore anplification
~products fromthe tenplate as conpared to the anount of anplification
products fromthe reference tenplate which does not conprise a region

whi ch is conpl ekent dihy kitoficlpmESafuysdiet ¢amprising dneenzpmp sdiidheclgvienBNA

i ndi cat es ?ﬂg b | ynucl eoti de conpri ses a sequence conpl enentary
to the RN,KFOIP‘S%I} 1 on g{{gﬁ%berpdéorrposi te priner and is not a sequence vari ant
wWith respect to the sequence conplenentary to the RNA portion of the -
conposite pri r’rgé %’4@5 The nmethod of claim 23, wherein the sequence of the
RNA portion of *fhe kysdiclaimsd; yhereinshe enzyans isR¥agelince conpl ementary to
a wld type sequence, and the 87 Singapore patent App. No. 200204820-5 31
AUG 2005 sequence of interest is characterized in determning the presence
or absence of 6Be willhd methgkofotaimet9omr. 202 ahertinthepblynacledtide camprisidg awher e

t he sequence.of. the R tion of ,the
AU hination polynuéegt%e 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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conposite prinmer conprises a sequence conplenmentary to a nmutant sequence,

and the sequence of interest is characterized in determ ning the presence

or absence of the mutant sequence. 26. The nmethod of claim 23, wherein the
—-sequence of the RNA portion of the conposite priner comriqsﬁ?%[f@fquence

conpl enen | lcel] q ' the sequence of IS
char acterS@ﬁé‘%@&@%%bﬁg&%mﬁégzpé or absence of the allelic
sequence. 27. A nethod of detecting a nmutation in a target pol ynucl eotide
by single stradedThbomethodwf ictaim20) whereinhths polymaiqutide compasiag 9 zi ng
anplification products for .single, stranded conformation, wherein a

di 11 er encBrOPFPRGHAN fagioR which izes tp the displaced primerextensiog Pt S Aded

pol ynucl e@iifife SWREESISohudleblid s@)g in the target polynucleotide, wherein
the anplification products are?(g'en rated by anplifying the target

pol ynucl eotide by the nethod of clains 1 or 2. 28. The nethod of claim 23,
wherein the RN% portjon qQf the conposjte priner is 5 wth respect to the
3' DNA portion: '29.“??1@‘3 Wgﬁlab"f‘ 1 Wheseinghe pplenygleotide gomprisigatisor t i on i s
adj acent  pbRntdiotd conlphise i 3’ ?Pﬁi £ [ i rray,
conpri si ng gtgacﬁricr?g arrpﬂ E%g?:%ton pdrﬁggﬁé S Cl))%déi%éﬁﬁ%ﬁﬁd!}ﬁ?%@@%@? to make
a m cr oar extynsgdn produchwphdrébyeDNgy palymemse extbrgion of disptaced prilnef ¢extartsionn
products ar?l 8ene ated by anplifying a pol ynucl eoti de sequence by the

met hod of PRAYS Cga doublq strande i CEHEL A s SRPUaN 6D t e pri mer,
said conposite primer conprising a 3', DNA portion and a 5° RNA portion
and (b) a pol ynucl eotide conprising a 88 3 1 AUG 2005 Si ngapore patent App.
No. 200204820-60.t er Fhevmethod of clajm 38) whertiishe pajymmisetido cpmpsisingthe t enpl ate

Sequence EPPTE3he bomamols ool 8ol BT TCoplalc by DA

pol ynerase. 32. The conposition of claim 31, wherein the 5° RNA portion is
adj acent to the 3' DNA portion, 33. The conposition of claim31, wherein
the 5 RNA porﬂ'on The mpthed of claim 19 or 20, wherein steps (a) and (b) are performed in

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.

92



about 20 nucl eotides and the 3' DNA portion is about 5 to about 15

nucl eoti des. 34. The conposition of claim 31, wherein the TSO conprises a
nodi fication in the region which hybridizes to the tenplate, wherein,
under a given set of conditions, the TSO binds nore tightd{Ablhe region

as conpar SingaperelPatent Appl N1Q00204820a8i on. 35. The conposition of claim
31, further conprising a propronoter tenplate oligonucleotide (PTO. 36. A

conposition conprising a conplex of (a) a tenplate strand; (b) a conposite
prinmer, said conposite prinmer conprising a 3 DNA portion and an RNA
portion; and ( a i o} .81 1 i . nucl eoti de
sequence corrp??'si n}gﬂgbﬁ?g%iﬁg%gﬂgv%g t gﬁéﬂgﬁ tg%ﬁ@!*“g%ﬁ‘@g%’%?é%er ein the

t er m nat i tampatigmpelypadleatzlesequenne i sabiphitssvirhtigbmicledtid¥SOrpl i cation of
a tenplate by DNA pol ynerase. 37. The conposition of claim36, wherein the
RNA portion is 5 and adjacent to the 3' DNA portion. 38. A reaction

m xture conpri g ng I q ti X ) it i mer
conprising a SEQ'DNAfg%?It%FI(?E %E%ﬁgﬁng&B%ﬁ{?gﬁb%()gw %‘o l@n@ﬁ&s@ﬂ%nd (d)
a pol ynuctegtni whick bybridizdsrtg thee temiphite) athetein, atoragivapiet 0 cditions ke TSO

conpri si ngwg t enpl a]&e sw tch ol igonucleotide (TSO, wherein the

t er ni nat i BRIHBP thyde itheregion s sempatsd tae T§Ocwithawt thermedifiextiany epl i cati on

of ' terplate by DN HIRI#Sfim 8, ShAGRRRL Solgli0liebRByp Ry, §00204820-5

31 AUG 2005 39. The reaction mxtare o erer n conposite
primer cotepminatien pelyblclédtidepequenoniswtlodkingssegadmeent to the 3' DNA porti on.
40. The reaction mxture of claim39, further conprising an enzyne which

cl eaves RNA from an RNA/DNA hybrid. 41. The reaction m xture of clai m 40,

wherein the enzyne The MYAOA'IS clhdn 70N WhéERAGhd ﬂchn%Eé{{u%négcoﬁ{ﬁség 28, further

conpri sing a_t_pol_ ynucl eotide conprising a propronbter. 43. The reaction

m xt ure ofmodi i thevegias which by prdigesie tedemglate; evherdis,iundera gipenoet ofiot er

Icgrrgr ;rgf)h%oﬁlgitiom,ethé Sf“o%fdn‘é %eqnlle)l(lgéj bifnds Inogel t?glhrtrl]yé%g thevrwclgirog IaQ c&ﬂﬁar@«? {oy a ucl eoti de
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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propronoter is a propronoter tenplate oligonucleotide (PTO. 45. A kit for
anplification of a target pol ynucl eotide sequence, conprising a conposite
prinmer conprising a 3' DNA portion and an RNA portion, and (b)

pol ynucl eoti de conprising a term nation pol ynucl eoti de sequegﬁzq\gﬁ%ﬁ?ri si ng
a tenpl at &; 1 1 i wherein the term nati

pol ynucl e;stlpgﬁbéggggh%lgp&ﬁég?é' 2@%@! 06§ of DNA replication of a tenplate
by DNA pol ynerase. 46. The kit of claim45, wherein the RNA portion is 5
with respect td7t heThe methed gfwlaiingd, wheceithe tdcget polynutleotidedis amplifiedei n t he

5" RNA porti s adjacent the 3 DNA portion. 48. The kit of claim 45,
further cé’%‘ﬂgi eil%tﬁgaﬁgﬁ?migeoti de conprising a propronoter. 90 31 AUG
2005 Si ngapore patent App. No. 200204820-5 49. The kit of claim 48, wherein
t he pol ynucl eoti de conprising a propronoter is a TSO 50. The kit of claim
48, wherein thd8pol Yheoietud afelaodd; wherein the targegirpoiyueleotidesis amplifixd 51. The
kit of clai.m @156 %Hrél_hgrl coirgri sing an enzyne which cleaves RNA from an
RNA/ DNA h@ﬁlp 1€ BINOGHECIRE T claimb51l, wherein the enzyne is RNaseH 53.
The met hod of claim 19 or 20, wherein the polynucl eotide conprising a

term nation pol ynucl eoti de sequence is a tenplate switch oligonucl eotide
(TSO . 54. The7gret hdtie ofethddaifrol &, 23y whereimthe kergel polymocipotideds amphifietl f i cat i on

in the regi which, hybri dizes to the tenplate, wherein, under a given set
of conditi Hg&etlﬂ%tﬁ%gaﬁmhé nore tightly to the region as conpared to a
TSO wi t hout the nodification. 55. The nethod of claim19 or 20, wherein the
pol ynucl eotide conprising a term nation pol ynucl eoti de sequence is a

bl ocki ng sequef@e. Tbe mpthodmiiclaia 23t whersinmths Bygetipelyaugleotide 1b hoplifiesy
sequence %%Eg’iﬂe.srﬁah@d%fﬁgﬂ 'igati on in the region which hybridizes to the
er a

tenpl at e, rein, un gi'ven set of conditions, the blocking sequence
bi nds nore tightly to the region as conpared to a
81.  The method of claim 27, wherein the polynucleotide 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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bl ocki ng sequence w thout the nodification. 57. The nmethod of claim 19 or
20, wherein the enzyne that cleaves -RNA is RNaseH 91 Singapore patent
App. No. 200204820-5 31 AUG 2005 58. The met hod of claim 20, wherein the

pol ynucl eQt i de conpr.i Si a ..propr r and region which hglrAl§iZitss to the
di spl aceogmwegﬁttsng%ﬂ-ﬁ@d@@ﬂgﬁgiﬂ-i enpl ate switch ol igonucl eotide
(TSO . 59. The nmethod of claim 20, wherein the pol ynucl eoti de conpri sing

the propronoter conprises a region at the 3 end which hybridizes to the

di spl aced priner extension product, whereby DNA pol ymerase extension of
di spl aced prin¥r exkhsrmethed oﬁzlma?, wheseln thespoly nuoleblide sumprisiegthpr onot er

from whi ¢ ripti.on occurs, .6Q., The hod,of claim59, wherein the
pol ynucl eé)}P f” I](’?gﬂz’i% ﬁﬁ%’gf%é‘ Iegign abfh(?%r S%W@fn&hggﬁdlﬁ?s&ﬁ F@W@?C"{d&%‘?‘ﬁt e

ol i gonuc| &@dnsida prddled. - . Al V&R Steps
(a) “and (B) §rep§e}'98rw edoby DNAGIRAAIAL AerSiofoMiiflalld filmet BRhSHoR ©) 5P°
20, wher ebradust prpduges)a donbile(stoandedeprpmoter froedwhish trahscaiptiomstaurs.63. The met hod

of claim19 or 20, wherein steps (a), (b) and (c) are perforned
si mul t aneously. 64. The nethod of claim 19 or 20, wherein steps (a) and (b)

are per f ormed gshel oN@ méded o dlainPB7, wikkeill Rl 1M AbIcShd Brtishle &0, wher ei n

all steps except the step of analyzing the'p uct are

si mul t aneRsapRiomotes @s a Mopraneatpitemplate blagamueldotidel(BTO).n t he RNA portion of the
conposite prinmer is 5 wth respect to the 3' DNA portion. 67. The nethod
of claim66, wherein the 5 RNA portion is adjacent to the 3" DNA portion.

92 31 AUG 200395 ndrRah@hedbLelhinf PP, wiitein ARA2B4G Ay mucleotide is amplified

using the method of claim 14.

90.  The method of claim 27, wherein the target polynucleotide is amplified

~using the method of claim 15.

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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68. The nethod of claim 23, wherein the polynucleotide conprising a

term nation pol ynucl eoti de sequence is a tenplate switch oligonucl eoti de
(TSO). 69. The nethod of claim 68, wherein the TSO conprises a hodik08%ation
in the region which hybridizes to the tenplate, wherein, under a given set

of condi tiﬁhgapbhégﬁmlthﬁiiﬁi\lmmmmms to the region as conpared to a

TSO wi thout the nodification. 70. The nethod of claim 23, wherein the

pol ynucl eoti de conprising a termnation polynucl eotide sequence is a
bl ocki ng sequence. 71. The nethod of claim 70, wherein the bl ocking

sequence conprigges q"hGMJdid?actla{imd,th%ﬁ?%gﬁgv%)%u&@&tﬁérﬁﬁﬁﬁgg%ées to the

tenpl ate, wherein, under a given set o ons, e i'ng sequence
bi nds nor demiiggdiionypolymutloetidecsgijoencads & tendate switeh dioghbcledtidegTSOYuence

wi thout the nodification. 72. The method of claim 23, wherein the enzyne
that cleaves RNA is RNaseH 73. The nethod of claim 23, wherein the

pol ynucl eot i de ggonpFyinsi S e i I Yol to the
di spl aced pri mag?' ex?gﬁmﬁp(} odﬁ@[ I’'s gk@gﬁpﬁsﬁ%ﬁi};ﬁ%ﬁ%ﬁ?@ghﬁﬁ@%i de
(TSO . 74 regibwewhizhthytiridizesctoahenefiplataheliczein, tinder Hgivymste lof obnditorspthip SO ng
the propronpter conprises a,region at the 3' end which hybridizes to the
di spl aced YHdspgre tig yeWéﬁ%Wgﬁ?‘bﬁd@mpaWﬁ’éPéWWh%Fmﬁé@éa@& ensi on of

di spl aced prinmer extension product produces a double stranded pronoter
fromwhich transcription occurs. 75. The nmethod of claim 74, wherein the
pol ynucl eot i de 98onpThs inreghadhud claimd(), evimtedx the polynpelegtidercohprisingrip| at e

ol i gonucl got i.d%i éPT%. 76.,. The net hod, of claim 23, wherein the target

pol ynuc! ed¢PHatiod polygpeleotids sequencs is :\blopkipg sequgiicec| ai m 14. 93 Si ngapor e |
pat ent App. No. 200204820-5 31 AUG 2005 77. The nmethod of claim 23, wherein
the target polynucleotide is anplified wusing the nethod of claim15. 78.
The nethod of @Pai mihgmeflipdrafictaimiRS, wherpin the blogking Isequtendecomprisephi f i ed

usi ng the d |3l . 79 . The thod of clgim.23. wherein th
target polyn u@%e S&End@e ?@%ﬁ%ﬁg Bngﬁggﬁ’dﬂ? F?B’piﬂﬁ’ H@Wred?’ yndst ggiygn set of
conditions, the blocking sequence binds more tightly to the region as compared to a

blocking 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 comprisiﬁg 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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80. The nethod of claim 23, wherein the target polynucleotide is anplified
using the nethod of claim18. 81. The nethod of claim27, wherein the

pol ynucl eotide conprising a termnination polynucl eotide sequehtdUp 3005

tenpl ate i i ognycl eat {de . The nethod of claim8l, wherein
the TSO %‘#ﬂﬁ?@é’é hgﬁé’gi‘#[’{?aw)o%h@a%@%%ﬁegi on which hybridizes to the
tenpl ate, wherein, under a given set of conditions, the TSO binds nore
tightly to the region as conpared to a TSO wit hout the nodification. 83.
The met hod of f imlrél @ggrgi Q,the pol ynucl eoti de conprjsing a,
ternination pofYhuclBotethad ok glatn 38, whergingthe tacgat golyaepleatids is gmplifide net hod
of claim 1 bl gcki ng sequence conprises a nodification in the
regi on V\h?%?lg%gé? (lmz&eﬁsﬁ‘a%dgl ﬁe tenpl ate, wherein, under a given set of
conditions, the blocking sequence binds nore tightly to the region as
conpared to a &l‘ocﬂng equence wi thout the nodification. 85. The nethod
of claim27, Wi ei Ahg 3‘@&2%’@“@!39{Wbﬂémﬁbgwls’nmm.lsGBPllﬁelde met hod
of claim i -nojynucl eoti de conprising a propronoter and

regi on m?%%gw;gécﬁ%@z%@%@qt%e di spl aced prinmer extension product is a
tenplate switch oligonucleotide (TSO. 94 Singapore patent App. No.
200204820-5 31 @%)GfOOS 7. The method of claim 27, wherein the,

pol ynucl eot i del Tonplhsmatod peclajsm 30, whereiarthe targst peluaudleqtisgiingmplifiadhe 3' end
whi ch hybﬁgiﬂgg@%&ﬁb&mlag{nsl@l_ aced prinmer extension product, whereby DNA
pol ymer ase extension of displaced prinmer extension product produces a
doubl e stranded pronoter from which transcription occurs. 88. The nethod of

claim 87, whergin t ol ynugcl eptide conprising the propronoter_is a

pr opr onot er teﬁ%at@ﬁﬂg‘l:‘béﬂﬂ tlam ?aewk‘?’?@)qle acget polynypleatidg inamplifigdm 27,
wherei n téngd theGedthdddHEMim! 1g0t i de is anplified wusing the nethod of claim
14. 90. The nethod of claim 27, wherein the target polynucleotide is

anplified wusing the nethod of claim15. 91. The nethod of claim 27,

\fg.er ein the t @t ’Pﬁ)el %Qtﬂg(li gpgxilydgneidc‘fc?amsilf &,el%, 2&3‘3?97}::\23 BH?;[vﬂgrgin%e claim
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.

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.

97



92. The method of claim27, wherein the target polynucleotide is anplified
using the nethod of claim17. 93. The nethod of claim27, wherein the
target polynucleotide is anplified using the nethod of clai m3iBAUBANSThe
met hod of claim 27, wherein the nutation is selected fromthe group

consi sti nSingapokepsatentBpp! No. 200204829e5i nsertion, a base deletion and a
singl e nucleotide polynorphism 95. The nethod of claim 27, wherein said
step of analyzing the anplification products conprises a nethod sel ected:
fromthe group consisting of gel electrophoresis, capillary

el ect rophor esi $14ndTgé f6m lyy L: i nucl eases
whi ch recognize s.eque%g(\ét depg{tﬁlﬂ%%’?cgieﬁgg%%’a‘?@&g?ﬁjﬂlggﬁﬁo&w H&i AUG 2005
Si ngapor ecqrapesiic pPAPIST cousistsAFRROUSIDtoRbOGE 20THe]cotiddsanid tfe DNAI partiéh ofther ei n

t he pol ynucl eot,i de conpri si a  Jtermnation polynucl eotide sequence is a
tenpl at e EW?%SHCBF'F‘SQE%@}%&%@“‘(#% \ “‘95?0. nugleotidest hod of clai m 96, wherein
the TSO conprises a nodification in the region which hybridizes to the
tenpl ate, wherein, under a given set of conditions, the TSO binds nore
tightly to thellegi the kisofdaipadEdviiereia tHeRNWI poitiur oftthecdmmystisite peimepn. 98.

The net hod of . cl.aim 30, erein the pol ynucleotide conprising.a |

term nati Wﬁbﬁ%}aﬁhe‘rtjoo‘?iaggut dw&i?e@d?w the BN prjtier el e sempasite primer net hod
of cl ai m &hsisWiagbit stthabdht2OkieRoggGUENCE conprises a nodification in the
regi on which hybridizes to the tenplate, wherein, under a given set of
conditions, the blocking sequence binds nore tightly to the region as
conpared to a ocki sequence W.t hout t nodj fication. 100. . The met hod
of claim 30, \Ab@f ef’ﬁhe?lﬁgorgcﬁngﬁ Pﬂ‘c‘”e&‘P g‘&\}g‘ZARRWOPSO% BROSHPRANMSh e et hod
of cl ai m GfsiswiFabout 1016 absit 20 watREGAEAnE MIDNAI gdgtich ofRhOBS h@?riﬁi@fi |
regi on which hybridizes to the displaced primer ‘extension product is a

t enpl at e RSB abowdito abai20awclevtid®s, 102. The nethod of clai m 30, wherein
t he pol ynucl eotide conprising the propronoter conprises a region at the 3
end which hybridizes to the displaced prinmer extension product, whereby

DNA pol yner asel Ext eAsietiiodofor ainplifyaseal pély higiéotid¥ b&ush&@ tomplementary to a

target polynucleotide sequence comprising:

(a)  providing a complex comprising:
@ 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;

(©) 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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product produces a doubl e stranded pronoter from which transcription
occurs. 103. The nmethod of claim 102, wherein the polynucl eo'ltaérg Ug%ﬁgri si ng
the propronmoter is a propronoter tenplate oligonucleotide ( ? . The
met hod of 4¢l ai m 30, wher he target polynucleotide is anplified wusing

t he net hoﬁ“&gal};‘f% Pﬁ‘@tigBPB %@@02&43 Brﬁgapore patent App. No.
200204820-5 105. The nethod of claim 30, wherein the target polynucl eotide
i s anpl i fiegtbn ofshé'@niphte 30,
wher ei n tf?g t ar get ‘5{& ynﬁgfdggtgf‘é&ewtﬁE&g&tjcéwﬂrgﬁza&-sgﬂ%fﬁ? B&geﬁﬁd)ginﬁr%cl aim
16. 107. thedéemplaigod of cl ai m 30, wherein the target polynucleotide is
anplified wusing the nethod of claim17. 108. The nethod of claim 30,
wherein the target polynucleotide is arrpl ified wusing the rret hod of cI aim
18. 109. The nptgr0daGhH

wherein the RNA port I%ﬁéﬂ’oﬁﬁn@ﬁ?ﬂﬁ% r?y“%érgo%%%gcﬂls% & o(fm% 7 to
about 20 Wmm(ﬂ&mgﬂmdbﬁdalm amifulrthar @fmprmhgcorrpom te primer consists
of about 5 to out Odnucl eo a 110, The nethod of claim 109, wherein
the RNA portid @of & widizing tothe displaped primerpxiansion psrdugbpelynusleotidabout 20

nucl eot i d&n, l&i}] ﬂﬁ'o%d?ﬂr Qe Bn%‘?ch ‘a@cgﬁ)ﬁhg dingEetgl%lrﬁérsegcgen?f about

7 to about 0 nucleo 111. he conposi tlon Wher ei n
the RNA pypducsyndgr cph@tlons)whmh mﬂewpransmrptxoﬁ tS o bp RN2bpolymérak€ saktothte 20

| eot f .th t t f about
5"t o about N80 ity e deiiosd Soinfising ShqpoRies PORPISmOERE thhadsPlafrd oi n t he
RNA port Iprnnﬁfextdhﬁoﬁmtst [ Gheldby Hﬁl‘itﬂg\c?g@ést(ﬁ t{?é ta?% PUqudPoelafe 8Héed20

nucl eoti des and the ortion of t Nposi r cons ts of about
7 to about 20 nucleotldes 113. The reaction m xture of cIa|n138 wherein

the RNA porti 5|te r|rrer consi stg.of about 7 to about 20
nucl eoti des an eA%%,&h %\heng taﬁggemr Bdwq%%&eﬁ’@r@% of about
5to abomarr?ﬁlgmm‘ ﬂmh¢tﬂ6c$of &Zlm 117 or 119, wherein primer extension comprises

extending the composite primer to a termination site with DNA polymerase and a mixture

of dNTPs and dNTP analogs, such that primer extension is terminated upon incorporation

of a dNTP analog; whereby multiple copies 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 rNTP 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 (¢) to determine sequence.

99



3 1 AUG 2005 Singapore patent App. No. 200204820-5 114. The reaction

m xture of claim113, wherein the RNA portion of the conpositq Qi 0\
consi sts of about 10 to about 20 nucl eotides and the DNA portion of the
conposite prinmer consists of about 7 to about 20 nucl eotides. 115. The kit

of clai m 48jn el tbﬁg@tﬁdnggrgbgﬁ?ﬁz%ﬁz conposite prinmer consists of

about 7 to about 20 nucle S an portion of the conposite priner
consi sts of am 5.t10 a%gu{i?ﬁao nucl eotides, 116. The kit of claim 115,
wherein the R or tji§rmetho ny g & claimp 1 hier1 21 cwhereistthe esmposiseprimer t o

about 20 %ﬁlpﬁ%wﬁ‘ﬁﬂﬂ’ﬁﬁg‘oﬁ}%&@%ﬁeﬁ’ lgﬁfﬁﬁr\qﬁtécorrposi te primer consists

of about 7 to about 20 o or anplifying a
pol ynucl eoti de sequence conplenentary to a target polynucl eotide sequence

conprising: (a).,providing a conplex conprising: (i) a DNA tenplate

conpri sing the 1tzgrg hcg@%h%gfgqnym of playmy 1 Eioted32i wherpinjamdurabitytafnsi on
product prRgivesieh LENdkgg W th DNA polymerase a conposite primer
conpri si ng gﬁGRN&Q}S‘é% on gﬁ'd a 3' DNA portion, wherein the conposite
primer extension product is hybridized to the DNA tenplate; (b) cleaving

the RNA porti ORRIAR]C gﬂl‘g conposite priner extension product wth an enzyme
t hat cl eaves f r ke spethedoiax ong Bf Flaims Lidtotl@3s whereiniiks paymystestide

primer hykeiiig .ha. ' repeat i riner extensjion wth
'DNA pol yrre? g@gﬁg}g{ antt r angl glisl nglg%lr)r@% s?eqfé ceﬂseggeglﬂlﬂgs&tﬁb lgPB)mlgﬁr’}Hie( c)
wher eby m{FSOploe abbwkig sefjudnke. conpl enentary sequence of the target

sequence are produced. 118. A nethod according to claim 117, wherein the
conpl ex further conprises (iii) a polynucleotide conprising a termnation

pol ynucl eot i de 196qUGRE eadiid AR 240 | pat ent

App. No. 200204820-5 region of the t é‘r}'gf%tﬁletﬁ&ﬁls?hl&itgg@%c@mhgg@g@%ect to

hybr i di zatP@priss aihedifioationdh the egiomavhi¢iohybridizes to the template, wherein under a
given set of conditions, the TSO or the blocking sequence binds more tightly to the region

as compared to a TSO or a blocking sequence respectively without the modification.

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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the tenplate. 119. A nethod for anplifying a target polynucl eoti de sequence
conprising carrying out the nethod of claim 118 and further conprising:

(e) hybridizing to the displaced primer extension product a pbl Wﬁjwﬂréot i de
conpri si ng: ropronot er, and han.whi ch hybridizes to the displaced
primer ex gwmn@ﬁﬁpﬂn@r 5@@?@38?@% which allow transcription to
occur by RNA polynerase, such that RNA transcripts are produced conprising

sequences conplm.mn’rlaermeﬁl@dbhelaﬂﬁE’zm,aﬂ%ﬂeiﬂ&ﬂxwmﬁi?@ﬂﬁin%l@fd)@lﬁ s, whereby
mul tiple cocié es of the target sequence are produced. 120. A nethod of

sequenci ngicieotidesand the B YR partipalés BtoghZemmbeotidesor i sing  carrying out the
met hod of claim 117 or 119, wherein primer extension conprises extending
the conposite priner to a termnation site with DNA pol ynerase and a
mxture of dNMHs andnah&Pqtaﬁmafa@&ﬁzir%%qaélﬁ& oPTnkeE irfatafste Fé‘l?mhc‘ieotide,_

t erm nat ed,gpon incorporation of a dNTP anal og; whereby multiple copies of
t he conpl @PQCQ@HU@%E of the target sequence are produced of varying

| engt hs; anal yzy ng . duct t he thqd to determ ne sequence. J121. A
met hod of sequ%nc! n%"q@'f?{él%gagfmﬂﬁg %"&(?‘??E“_é@ﬁﬁ"éﬂ&%ﬁ&& G &E&g?:%‘rc?‘iﬁ oy out
t he met hoitepdst by diedthed 8y dHeloTRIaieO TP 1051199124 ©)128Y 19 HldaB0Iwheihhe

di spl ace tgrl mer extension product a ol ynucl eoti de conprising a

pr opr oot BF sedyenee ofdhe BNAwertpn nftheicdmpesite mimdrds kiioopl, askd  pri mer
oxt ensi on prodid: rop ibepte S AraehilaBer drodhls ihad i B Prbehobdare
anal ogs, efismiplifichddn [Rbdudts ROMA feRiréncetémplaRAMEREn COMPr i Si ng sequences

conpl ementary to themgli splaced priner extension products, such that
transcription @ t Afyetionaf defestably deweraumnlifisatiast pragucts fumn theemplate sher eby

Pl ple canns o Uiol o g BOHGRTRES e Sl (A BRiGn0.

(f) anal yzing the product o roug ne sequence.

99 31 AU?OBQIBEOQ regiguosompiernentary Ap the RIWA pooissfaROcdmposite prifner imdicaes of
anyone o

cl.ai 17, to0 121 erein the conposite priner conprises a 5
RNA por t Gt tﬁ%l]['z’g%% RO, PBCl_F‘P{éie OCHRG SIBIPFISS A seqronce opriplarpantay tothedA one of
clai ms 1lporfiéh dfhe c¥hiposte Pritne? ahid fld dofuce 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
sequehce 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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conposite priners are used. 124. The nethod of any one of clains 118 to
123, wherein the polynucleotide conprising a termnation pﬂ é@:ﬁ]h otide
sequence is a tenplate switch oligonucleotide (TSO, or a g

sequence. 125. The nethod of claim 124, wherein the TSO or the bl ocking

sequence SingpposepatempAipp. MbJ 20020482025 egi on whi ch hybridi zes to the
tenpl ate, wherein under a given set of conditions, the TSO or the bl ocking

sequence binds nore tightly to the region as conpared to a TSO or a
bl ocki ng sequence respectively w thout the nodification. 126. The met hod of

anyone of cl ai 183114 i | IS
RNgseH.' 127. The net hogthgfa%gﬁ%ﬁéfgo?mg?g?ﬁsﬂ;%@%Egﬁ&%@&?g%?zg%erei n the

pol ynucl estranfed conformationgpadypoxpbisonwomprising anadgiingamplifidatioy praddétz éx t o t he
di spl aced _; pyier ,extensi o raduct is.a tenplate swtch oligonucl eotide
(TSO . 12§‘.“%§ehsg‘%ﬁ%%‘ﬁ°8&?°6f“a§ﬂ§o rejh afifipce i §oBAEmALDD 25 GOmPRSA i br ei n ¢ he

pol ynucl eqéfeRfcsQAgle sGantidd ' G ' end
which  hybri di e st d?’gﬁﬁnﬁ‘é‘gﬁﬁﬁ‘?ﬁ?ﬁéi’@%@ﬁﬁ“ E’Fﬁggﬁbl gltregﬁglé’%DNA

pol yner asavhescimthsiamplificatian mptuctearegenerated dy cemhicting ﬂfeQd&th(b(i offang waeef a
doubl e strande t fr Lech anscription occurs. 129. The net hod
BRET LRl TRy Fia s Dot Tafiar o)

of anyone conposite prinmer conprises a 5
RNA portion of about 5 to 20 nucleotides and a 3" DNA portion of about 5
to 15 nucleotides. 100 31 AUG 2005 Si ngapore patent App. No. 200204820-5
130. The net hod3%f & method 2fprogheing amictvarrsy, cRiMpripiog aitachingsanipliftcatidrb

nucl eoti d e 3. rrionis 7 to 12 nucleqtjdes.,131.. A.ngethod of
char act er ?’g".dﬁgg gh@eaq%&qg@'@ %‘%?e? #?t‘g%sat mjcroarray of a&a"‘f}g@?ﬁ@é‘i’%{si%@m i d
met hod coemplifitatipn productidé énerated By bGIMRLAALHE AnpHEARAhARSSHS BRE of
cont ai ni ng t he_sequence of _interest }%’ t he" met hod of any one of "clains 117
to 119, 15kimylhbig 119952%ted2690 129Rel¥.n  the sequence of the RNA portion
of the composite primer is known, and (ii) conparing the anplification
products if any fromstep (i) with the anount

135.  The method of claim 30, wherein the RNA portion of the composite primer

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, priiner
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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of anplification products froma reference tenplate wherein (a) production
of detectably fewer anplification products fromthe tenplate as conpared
to the amount of anplification products fromthe reference tahWaZ@which
conprises_a region conplenentary to the RNA portion of the conposite priner
i ndi cat esSinganorepatentApppNo, 20020482085 does not conprise a sequence

conplenentary to the RNA portion of the conposite prinmer and is a seguence

{he compooy T ARRRRIIGE S b AR G e R R ol I8 s o

product s feneratddhe tenplate as conpared to the anount of anplification
products fromthe reference tenplate which does not conprise a region
which is conplenentary to the RNA portion of the conposite primer

i ndi cates thatjgghe Agl?aﬁ]d gg%ggiﬁéahggnﬁaggg{d%§§®eﬁc€g&hﬁaﬁ& pplementary

to the RNA portion e mer an not ~a ‘'sequence vari ant

wi t h r esptaget palynundeaidgsenmace comprisiigintbaying @ rédedomivix iy, sdidreactfont he
conposite primer. 132. The method of claim 131, wherein the sequence of the
RNA porti CORMBISIB8nposi te priner conprises a sequence conpl ementary to

wil'd type sequgyggompied of a&ﬁf@ﬁl‘é&ﬂﬁlﬁ%&pﬁ}é&v‘aﬁ ﬁﬁtat %/oznéﬁ)gg% ﬁ'ﬁﬁl&r th#§¢ 10

determ ni ng the’ presence sence 0 ence; or the
sequence hybridimblenatipddNidotemplate steandpwhersintthe $unhioite PEIRRF temprises arsequence
sequence, and the sequence of interest is .

conpl emenjary tQ a nut

char act er@é@qrﬂorﬂﬁ%%inﬁNﬁgP‘F%mpr esence or absence of the nutant

sequence; or t@ya[ﬁ@g% CH{DmeE‘mﬁ Iggelrﬁ%h?n of the conposite priner
y'to an a

conpri ses a sequence conplenenta | el ic sequence, and the
sequence of i rickamenzyime thataleayeeRNAeftomman RNAENA hiybrgd;t he presence or

absence o h |1 eldc. sequence. 1 AUG 2005 §j ngapore patent App. No.
200204820%';[&%1}36 ‘A}%Hféaﬁﬁ?é}ds 8‘1‘&& 8?%‘%8?'??3&%{ PSR PRIEST Mﬂh“?@éﬂ%&"m‘

pol ynucl eedterdonpRNA ¢leavge Sind Wit ement STRPHiME REnFRTREIR M Trohi DN Ng
anal yzing anplification products for singl'e stranded confornmation, wherein
a di f f er etsB@latesteand e tsiROWA as cleaved awherebyanather eompesiteprinargybridizasanded

| | egi de indicates a matation in th t._polynucl eotide, wherei
e’ anpl | PreSfasihid it dol i rafloisMaceion SRRl HE P eobia bbb of any
one of  cpalynumleblide scqquidd® cohiplerhéntdry Qo te tdrgé plyntdfeotidd fequénseidod of

producing a mcroarray, conprising attaching anplification
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.
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products onto a solid substrate to make a mcroarray of the anplified

products wherein the anplification products are generated by conducti ng
the anplification method of any one of clains 117 to 119, 322AU6d0E26 or
129 or 130. 135. The nethod of claim 30, wherein the RNA portion of the

conposi t eShigdfpire patent AphNNEJR04820Le 3'° DNA portion. 136. The net hod
of claim13 ,%erl(bai n tffgbg' RNA portion ?s adj acent to the 3' DNA

portion. 137. t'Pl(g)d f&) agpl i fying a polynucl eoti de sequence ’
conpl ement ary 18-a Themngboed ob ponaes elplaims 1§i‘ddémﬂé€r€’§r¥b¢ Arpriionefdbe i ng a
reacti on Eynbosits prisial J | X I L-§L09: ate
strand; (b) %déc oﬁ%osf %bé{s %?sférrfeaﬁgﬁ'&&%bg Lﬁ%/@@ﬁ?ﬁo%lg%{%dttégi)ﬁg\ %ﬁor@ gfir?p{{e ate
strand, wbenpaisite phimer conposfiabopt § teaboaO2Piuckosdé& RNA portion and a 3' DNA
portion; (c) a DNA-dependent DNA pol ynmerase; and (d) an enzyne that cleaves
RNA from an RNA/ DNA hybrid; wherein the incubation is under conditions that

permt prinmer ri-h ' ' j cl.ea e nd

di spl acenent o%‘w?heﬁlf)ﬁh%@ag;?ﬁ %gﬁ%%fcggri@g[]%?q?%’o@é@?lﬂ ?eﬁﬁgtl?o_ %’e%ftﬁ'\lA
tenpl at e vdmposite prifbicorsises cfaibedt WRBON 2BNMEREHd&GUNAYN DRAIHIGH of the
hybri di zes and,repeats prinmer extension by strand di spl acenent, whereby

nul ti pl e EYPRAsLe pamenconsists of ahgutsy taabewt 20 mglestidesapp. No. 200204820-5 of a
pol ynucl eoti de sequence conpl enentary to the target pol ynucl eoti de sequence
are generated. 138. A nethod for anplifying a pol ynucl eoti de sequence
conpl enent ary 145. a Theanethbd pbhyynond efaldiste 1539053108, IA9IB0igilR’-1B6cuUbat i ng a
reaction 'xturtﬁ I d r.eac%i on mxture conprisi ngléﬂga) a cor?l ex of (i) a
DNA t enpl ¥Perel e RNA portion of the cogpositeriraersonsiats of akgut 3 do abaub 23 di zabl e t o
the DNA t g I M’ﬂ@:‘t ' mbeﬁgmgg‘ ' ' [ RNA
portion and gﬁ_ges%ﬁNA@@pgﬁion;ﬁ?%{ a - %S%i‘ﬁeé%%%g@ﬁg?gg@?éﬁd (c)
an enzynemdgetides. eaves RNA from an RNA/ DNA hybri d;

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 S to about 20 nucleotides and the DNA
portion of the composite prin;er 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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wherein the incubation is under conditions that permt priner

hybri di zation, primer extension, RNA cl eavage, and di spl aténdGt20f t he
primer extension product fromthe DNA tenplate strand when its RNA is

cl eaved WBhigathore i feat Ap . 2D0R10480-§ybri di zes and repeats priner
extension by strand di splacenent, whereby multiple copies of a

pol ynucl eot i de1 equﬁ?ce conplementary to the target polynucl eotide sequence
are gener at ed! 3139 hepftolglaim, &, futhesicampgsing an erggmetharclsanes R Arrom
portion %RNWEW‘MQ primer is 5 wth respect to the 3' DNA portion.
140. The nethod o l'ai’m 139, wherein the 5 RNA portion is adjacent to the
3" DNA portion. 141. The nethod of any one of clainms 137-140, wherein a
plurality of cg‘rposi{téqe, pt#érr,ers i s used. 142. The nethod of anyone of
claims 137-141%he t ehrdaigh L3Aravherrin thel eazyme thaRpizavies RiNMafrom an103 3 1 AUG
2005 Si NQRRNAYENRAL 'tdisARRI-has . 200204820-5 143. The nethod of any one of
clainms 137-142, erein the portion of the conposite prinmer consists
of about 7 to about 20 nucleotides and the DNA portion of the conposite
primer consists of about 5 to about 20 nucl eotides. 144. The nethod of any
one of claims 137- 1488 kihpleslaipn 33, Surthencproprisingia BNA pelymemsposi te pri mer
consists of about 10 to about 20 nucl eotides and the DNA portion of the
conposite prinmer consists of about 7 to about 20 nucl eotides. 145. The

met hod of any Iiée oA kitlfes amplifyig a SolydieBootidd Seqhefie Obomptiing3Peomp¥is €i n t he
RNA portion of}yﬁl?tﬁ. cgrrpom te priner consists of about 3 to about 25

nucl eot i d8Y¥%n & pRePResite gl comprisesaadaN A poxsioniand a3oMBVA pertioh, about 3
t 0 about ahd wik&h ' j Li f vi ol ynugl eptd de
sequence conpri si gg%ﬂg?r%tﬁ? (t)fe‘ﬁe g!r"?‘ﬁ‘és?‘re p\ﬁ;%rr 8‘?%‘%%?%"@8&%@5@?89#“ mer
conpr i seshugkeofiips aadrthé BN Aapattian 8f tHoNAmpositd mtimer cohststebNatione3 RNEbguo12 i on of
t he corrporﬁ{cie%ﬁgég mer is 5 with respect to the 3' DNA portion, wherein the
5" RNA portion 1% adjacent to the 3' DNA portion, and wherein the RNA
portion of the conposite prinmer consists of about 5 to about 20 nucl eoti des
and the DNA . .

157. A Kkit for amplifying a polynucleotide sequence, comprising a composite

primer, wherein the composite primer comprises a 5' RNA portion and a 3° DNA portion,
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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portion of the conposite prinmer consists of about 3 to about 12
nucl eotides. 149. The kit of claim 148, wherein the RNA portJ brUBfggs he
conposite primer consists of about 7 to about 20 nucl eotides. 150. The kit

of claim 148, whereip the R portlon of the conposite primer consists of
about 7 t %%"Eﬂl‘?mlﬂa&&t &BPE 2002048205kt of any one of clainms 148- 150,

wherein the DNA portion of the conposite priner consists of about 5 to

about 12 nucl edbl.deShe Riddf claide | 57, twindrein Me Site ﬁ‘@ér%né@@o%ﬁ@ rein
the DNA portjon of t he corrp05|te prinmer consists of about 7 to about 12

nucl eot i dBertion@nd the3’ RIA pog®ns ngapore patent App. No. 200204820-5 153.
The kit of claim 148, further conprising an enzyne that cleaves RNA from
an RNA/DNA hybrid. 154. The kit of claim 153, vvherei n the enzyne that

cLeaves RNA T 060, anTheRIC R TS7, \hersin AR R ot of IEcdibihosL pfhl ™ 153

further conprising a DNA pol ymer ase.

pol ynucl eRnsists efagoutiddo a |rmclegtldcscorrp05| te pr| rrer wherein the
conposite primer conprises an RNA portion and a 3' DNA porti on, and
wherein the RNA portion of the conposite priner consists of about 5 to

about 30 nucl p@f.i dEke Sists
of about 3 to about 12ﬁﬂﬁ{1§:llmg‘})ﬁ%g§%éllgg{é%k§ rggxm%éc?nﬁskm DA

pol ynucl ebRrtige sequence, conprising a conposite priner, vvherel n the
conposite prinmer conprises a 5 RNA portion and a 3 DNA portion, and
wherein the RNA portion of the conposite priner consists of about 3 to

about 25 nucl Bf.i dﬂ&l&ﬂdféd}&m@"@fdlﬂh{s'lgﬂ-l‘?ﬁ Wﬁ@elﬁmﬁ'& rfibh BBtheCONSI St S
of -about 3 to about 12 nucleotides. 158. The kit of 157, erein the-

5'° RNA pofARRATLS Brimey eansists qf@b?\lliestgabmmtepbdns 159 The kit of to claim
157, wherein the conposite primer consists of the 5 RNA portion and the
3" DNA portion. 160. The kit of claim 157, wherein the RNA portion of the

conposite prings6. The kit of any one of claims 157-164, wherein the DNA portion of the

composite primer consists of about 7 to about 12 nucleotides.

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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consi sts of about 7 to about 20 nucleotides. 161. The kit of claim 157,
wherein the RNA portion of the conposite prinmer consists of about 7 to
about 18 nucleotides. 105 3 1 AUG 2005 Singapore patent App. Np-AUG 7005

200204820S§1§aﬁﬁ)re-r 'tplglfr) ai herein the conposite priner
consi sts of the S'ﬁ%SEtA 'tlsghzgpzég%@ DNA portion. 163. The kit of

claim 157, wherein the RNA portion of the conposite priner consists of _
about 10 to about 20 nucl eotides. 164. The kit of claim 163, wherein the 5"

RNA portion is;-adj ageni. t.ne 3 . portion.. 165. The .kit.of one of
ol b 150 162 P ab it KRNI, sl rein, Bcompgsice s P Rasth ot B s NS o <
of about portion sttt 31DNAUSIrEE.i des. 166. The kit of any one of clains

157- 164, wherein the DNA portion of the conposite prinmer consists of about
7 to about 12 nucleotides. 167. The kit of claim 157, further conprising an

enzynme that clpave m RINA/ hybrid, 168. The kit of, I m 167,
wherei n the en@?r’res{-@z}@ éﬁ@g%gﬂwqeﬂﬁegﬁmpmlﬁmr ﬁ?‘ﬂﬁ'?tfiof@e El\@lslgH 169.
The kit ofortibréard theé 3! DNW pdigén.conpri sing a DNA pol ynerase. 170. A kit for

anplifying a polynucl eotide sequence conprising a conposite prinmer,
wherein said conposite priner conprises a 5° RNA portion and a 3' DNA

portion, whergji,n the ortjon of the conposite.pri consi sts of about
10 to about 20ﬁ4huc e&%e@al%mhv eﬁm&ﬁé}ﬁ%&%@@%%ﬁg%ﬁ& pri mer
consi sts RINAADNAthybridgs RiNasdH.12 nucl eoti des; a DNA pol ynerase; and an

enzynme that cleaves RNA froma RNA/ DNA hybrid. 171. The kit of claim 170,
wherein the 5° RNA portion is adjacent to the 3" DNA portion. 106 Singapore

patent App. Nop75200RQA82% chaitil1 AVGne 0 the composite primer consists of the 5' RNA
portion and the 3' DNA portion.

176.  The kit of claim 148, further comprising a set of instructions for carrying
out a method comprising incubating a reaction mixture, said reaction mixture comprising;

() 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.

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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172. The kit of claim 170, wherein the conposite primer consists of the 5
RNA portion and the 3' DNA portion. 173. The kit of claim 171, wherein the
conposite prinmer consists of the 5 RNA portion and the 3'3%9@@“0&
174. The kit of claim 170, wherein the enzyne that cleaves RNA from an

RNA/ DNA hphRgapeke patesd-Appy No. R09204826:5¢1 ai m 148, wherein the conposite
primer consists of the 5° RNA portion and the 3" DNA portion. 176. The kit
of cl ai M hSreir] fhE iBbatf B Uhdridndid ' OB RlonCAthei N9 out a
met hod conpri sing | nc%batl ng 5 ?g%ig?ﬁ%tﬁ%é;@ﬁt&ﬁd&ég?@%;%égfgﬁ ﬁo{ﬁﬁ% xture
conpri si ngxtesagn, RNA njshesgecaniatisplacegment of the Phithei ea@lsidnepreducafidm theid (ii) a
conposite,priner t Ls. hybridi zable to the DNA tenplate strand, wherein
t he comoﬁ%ﬁﬂ%ﬁ%%?@@gﬂgm @e PRRIST S5ieRSIPhPraduct 3vhsrebpmetael t i on; (b)
a DNA pol YsRpG$e prifdd i t for RNA DNA

hybri d; wherein ’fpﬁe ?R{éﬁdﬁ%gﬁﬂ?é’ utﬁ er eg%%%ﬁ%’n?%ﬁf%n&t(ﬁ é?ﬁrgnmt primer

hybri di zation, priner extension, RNA cleavage, and displacenent of the

pri nmer extensi gﬂs prg%gx romthe tenplate when RNA is cleaved fromthe
pri mer extensi off-pr it ofyrlai by 7, fusher compeising @ setaf ipstiugtionsHortandinges and
repeats ppi L Ol ' . 1177 Lt of i m 156,
further et E8npAting thombdi il Eran SR i babtiod Bl coorfiyd

conpri si ng i nc(@atcomplex compeising{i)r DINArtemphisd strand,amti(iina congpdsite pmepr i si ng:
(a) a conplex.conpri.gin ' tenpl ate strand, and (ii) a conposite
primer Fﬁ’ﬁf‘sil‘ggﬁ%@ﬁf‘g@g IlD)eN‘g(Se‘F telﬁ%@‘ié’\‘ﬂﬂ%’? CSOMPRSALC RIHBTTSORIPIIAGS a
conposi teS‘H{NX%nRQ{H?;HiaS?QDI@Af%}ﬁﬂ\'A portion and a 3" DNA portion; (b) a
DNA pol ymerase; and (c) an enzyne that cleaves RNA froman RNA/ DNA hybri d;
107 3 1 AUG 2008 adiN4golymeerpset amdt  App. No. 200204820-5 wherein the '

I ncubation is der conditigns t ermt_priger hyhridization, primer
ext ensi on, RNA&SPE%Q'&E%H%%HF%B&E&&M Aﬂﬂ@‘@%ﬂé’r ext ensi on product
from the wheii tht éncobationDNindey cohBAYRARAY RN PAnRF hyBridigaioRNsime Product

wher eby anot her .
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 repeafs 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

(¢) 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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conposite prinmer hybridizes and repeats priner extension by strand
di spl acenent. 178. The kit of claim 157, further conprising a set of
instructions for carrying out a nethod conprising i ncubagjiingiGgggreact i on

m xture, §aid reaction m xt rising. (a) a conplex conprising (i) a
DNA teml%%@qrgrﬂ?&gﬁ%?Pgﬁ’ai@mgégbﬂes primer that is hybridizable to
the DNA tenpl ate strand, wherein the conposite priner conprises a 5 RNA

portion and a @) abkdifplaicbmdtising P) aDPAACRPl¥TaAS @nd &t ddtdposie My e t hat
cl eaves RNA from an RNA/ DNA tklgrbll»d; wher e?n the i ngug?tjai on pl S uﬁfg}gr

condi t i oribakifhybridizshle toghe PVA tepaplaigisirand, ovherqin thewompesitequisics comphifes a
cl eavage,wAg@%%a%nb@&w‘ge primer extension product fromthe
en ve

tenpl ate I's clea % he pri mer extension product whereby
anot her  conpo®) a®NAipsBimdiysey adi zes and repeats priner extension by strand

di spl acenent. é?g. The kit of claim 158, further conprising a set of
i nstructions (&) agensymerihat clravesRNé: fiow aadAMNAGybndubat i ng a reacti on

R 1 ermpl TR B B s hle? S fonsIhetephit e BARZGSRBIR G, Zai ¢ ¢ o
the DNA tesamisRingRBA ae@hag_wmaaisgldceﬂeﬁt%m&ébﬁxﬁewxwi@{ongmei fi6mtRe > RNA
portion and a 3' DNA portion; ) a DNA polynerase;, and (c) an enzyne that
cl eaves ARIPRiGYhemRNAvis plcaved fsemdhe primerexterision froduchwherehy asotherder

cl cavage. R BERE AT ind YRS bRl Blenstln S mpERBERSTRTIN ¢ ne

tenpl ate when RNA is cleaved fromthe priner extension product whereby
anot her conpaogj.te primer riy,bri di zes and repeats prinmer extension by strand
di spl acenent. ‘o Biedd ot cldim Kilafusthey gomprising e set 06 instrnesiong for cgayingt

I nstructi - : : : ﬁﬁ}g{?i P e ' .eaction
m xt ure, dshglﬁg{ %Ogﬁ[ﬁo%ﬂ S%%x?%t‘@%gng‘%#gg?]g: 1%8%@%&%%@@%%8@5%%@ " pat ent
Apg ( No) 2002((4)3&@mﬁpl(ca_):0mprisingh)(i}3a 1 Mmh l;hpl'gn_&gtrgl:;d, afd @Nﬁdoﬁ@mhiﬁ pﬁxlaelr and,
and (ii COJTpOoSj.t ri that is hybridizable to the DNA tenplate
strand, ﬁ"ér‘%ﬁﬁ"fﬁd@%&%‘r‘ﬁ&@w& tsmntate seandy herein the compogita PEiHer COMPHSRE 22 3'
DNA por t iPRNA Portidn B aBo DN périon; and

(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.

182. A method of characterizing a target polynucleotide seqﬁence comprising
characterizing a nucleic acid amplification product, wherein said nucleic acid amplification
product is generated by a method comprising:

(i) hybridizing a DNA template strand comprising the complement of the target
sequence with a composite primer, said composite primer comprising an RNA portion and
a3’ 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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(c) an enzyme that cleaves RNA from an RNA/DNA hybrid; wherein the

I ncubation is under conditions that permt prinmer hybridization, priner

ext ensi on, RNA cl eavage, and di spl acement of the priner ex%ﬁzm)ﬂﬁ product -
fromthe tenplate when RNA is cleaved fromthe priner ext ?)r oduct -
wher eby arfingapore patest ApmpNo=200804820-8es and repeats priner extension
by strand di splacenent. 181. The kit of claim 171, further conprising a set

of instructiong; . i t a Jret hod nprisi.ng j ncuhating a reaction
mixture, said Kceade ?rl?éx%’r*é’%g‘é%?{%? ﬁ@f?eafeﬁ)coalpeﬁ er’ﬂﬁwi eg‘f‘ﬂﬁe(i) a
DNA t enpl dhat ckeavarRINAZFRSn Gh RN A DI RS Il JoSitd Prithérdi zabl e to
t he DNA tﬁﬂnﬁggte strand, wherein the@dnﬁlggit{lg%g??%@?}n?g%n seésr a 5 RNA

portion a 1zes toythe (smplateand repgatsipibngr exsénsinar tysstrandidisplacement, vetrezshye t hat
| R hybr,i d: wh i.n the i bat i [ d
s T e e T T

cl eavage, and displ acenent of the priner extension product fromthe
tenplate when RNA is cleaved fromthe priner extension product whereby

anot her conpodfte gy mathod ef pharaliterizinga thrget polynaclpotidesequentecmimisityy st r and

di spl ace 2 haod. of racteri,zing, a target polynucleofide
sequence n?@#%?télglﬁﬂ% ﬁ‘ngﬁgﬂpg&dm@{}ﬁa&% Prodpct g’h%FEV‘cFaglrfﬁPfeﬁ ‘{“&f applification ¢
wher ei n s aradluoLis lgendzated byl aamathdd domgirisffy: Product is generated by a method
conpri si n?; %) Jhybridi zing a DNA tenplate strand conprising the conpl ement
of the ta ‘%B rdizing 8 NA ipmplate strengh oerhprising thesargetsequbncowjthaicomppsitener

conpri si Ngg L 3: - DNA portion; (i), L onal |

hybri di zi grg‘ﬁ%”ggl@ y‘ﬁﬁ{@ oglge{]?rg{e} ccgﬁlryﬂsg'igr?& @Q%@me’gﬁd&ﬁ %?ﬂ’i}{f’l‘%ot i de
sequence to a (iggiptionalfy liybeidiznga polenwdiéotideicomdrisink b ferfi@SiBRt t O

hybri di zationm(jf w‘ge conposite priner to said tenplate;, (iii) extending the
conposi t ePRYPREFOgeSR 19 spRion of the template whishidis Y0with Ssprghisor e pat ent

App. No. RPGHAARH 0P tHe dompo i @yﬁ\ .tion of the anneal ed
conposite prinmer with an é&z@%ﬁﬂt&h%?%gl ea %get RNA from an RNA/ DNA hybrid

such that anot (iH) exterding the compsiterpricheriwittdDN@Splgmbfage;t enpl at e and repeat s
primer. exki@f&%&ﬁng the BN A rf)grt%insoe' lt}%ecfnrtrlg E:d cé“f'ngés?tg >1/>rimer 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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nucleic acid anplification products conprising the target sequence are .
generated. 183. A nethod of characterizing a target polynuclebtmmagmgquence
conprising characterizing a nucleic acid anplification product, erein -

sai d nucl Sjfsapbs hf [ m ies generated by a nethod :
conpri si ng: %I? hslwgl{z%&ﬁgj'y%@?enp aq Igsstrand conprising the target

sequence \%{)h .a conposite prinmer, said conposite prinmer conprising an RNA
portion amybrdizes tseplateand fepeats primenertensjontbytatiand displgcanantwhenebyeot i de
conprisin r 3 ion.. pal ynucl eoti.de sequence to a region of the

tenpl at e \%ﬂlagﬁ%lcg& %ﬂﬁlﬁctaﬂoxﬁ) 8‘%%18‘%? c?‘Bp“ﬂ%ﬁ? 25t fegpense atefEnedieposi te pri ner
to said tenplate; (iii) extending the conposite prinmer with DNA pol ynerase;

(iv) cleaving the RNA portion of the anneal ed conposite prinmer with an
enzyme that cll82ved meghot ofdetaetirpneliathes atatpet polpucleotidateqaent ipressanposi t e

i h L i t l.at . i t i by. st d
G ol aceniht SfitS, b miH6 SFEBedhe &Gite P B b ase MR ingy ¢ he
conpl eneniuelictabid érﬁﬁlmti&eﬁéaa&ewﬁ&%irﬁ%ﬁ%&i&é’aci&?épliﬁbdi%h ?Hﬁ%llugtf is SS.‘ ecting

whet her a target polynucleotide sequence I's presen Inas
net hod cofpr&edbydet ecti ng whet her the target sequence is present in a

nucleic acid apRlifleatio duct erein said nucleic acid amplification

product is geﬁgbg{)‘lgg%ﬁ :aq?l%c{ﬁ%‘ﬁ%ﬁ ‘fluﬁo%}p'ﬂﬂﬂg g’éﬁﬁﬂ%‘tséqWF%Wﬁggonpri si ng

t he conpl eompésiteiprintee, dasd élﬂﬁposﬁ@RkleHMPé&ﬁHiﬂﬁgM{ A?:&QW&EH?.]WIA”E“ sai d
a

conposite prjmer conprising an port’ion an " DNA portion; (ii)
opti onal | PoM¥B; i di zi ng a pol ynucl eotide conprising a term nation

| | eoti deg . L eg] f 1 t l.ate which is 5 wth
espect o P HiSRaR hbuidiEh BBl otielspiReifing o teiartioBnl ate: (i)
ext endi ngpelypudentjtesequenps ioeregivintof tHINCmPRItY WRICASES® Witlydespdce@Vi Ng the RNA

portion of .the annealed conposite priner with an enzyne hat cl eaves RNA
from an R&W‘[ﬁf&tﬂ?&?mf@&&?sﬂﬁﬁﬁmﬁﬁﬁh’éﬂe@ﬁmsi te prinmer 110 3 1 AUG 2005

Si ngapor e pat efjti) &3Pndi A - bridizes to the tenplate and

repeats prinmer Qelg(t ens_(}'%uﬁygg@rgéﬁégﬂﬁgp @:Qﬁ@n :QlyWﬁ@iseeby nucleic acid

anpl i fication (ivpdeatisg therRNA portipntdfehd aingsled SQAPEIE Priaice withnaleaiffe
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.

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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185. A nethod of detecting whether a target polynucl eotide sequence is
present in a sanple, said nethod conprising detecting whether the target
sequence is present in a nucleic acid anplification productwmﬂgrz@gn sai d
nucleic acid anplifjcatjon 0 i nerated by: (i) hybri i a DNA
t enpl at egé‘fg%mg‘p%#&“gAHH ﬁ%%@&@ébg%uence with a conposite prinmer,
said conposite prinmer conprising an RNA portion and a 3' DNA portion; (ii)
optionally hybridizing a pol ynucl eotide conprising a term nation

pol ynucl eoti de sequence to a region of the tenplate which is 5 wth
respect to hybridization of the conposite priner to said tenplate; (iii)
ext endi ng t hel&bnpbhs methodiofrelaimil8 h, Witeeip dieytampebsequer(ck ¥ detdcted\biyng t he RNA

P o B RSB o T e S B B2

the tenpléhflement dftiRe@lget Biqulkde. €xt ensi on by strand di spl acement, whereby
nucl ei ¢ acid anplification dpro ucts conprising the conplenent of the target

sequence are generated. 186. The nethod of claim 184 or 185, wherein said
target sequence co risgf a_ mutation, 187. The_ nethod of cl ai m 186,

wher ein said atig‘hmF od of clagn d 8% qe 1 &% tvhaesin spid yunleip peid Probe88mpII¥es net hod
of claimplgd, wherein the target sequence is detected by hybridizing said
anplification product with a nucleic acid probe that is hybridizable to
said target sequence. 111 Singapore patent App. No. 200204820-5 31 AUG
2005 189. The_ pethod of claim 185 wherein the target sequence is detected
by hybridi zi Hnga Wﬂﬁ@&tmdﬁsﬁfb%ﬂ;e\tlwwmwuhn\pﬂ!@pewgpa&e@mpe% t hat
i's hybrigiNggble to the conplenent of the target sequence. DNA. 190. The

met hod of claim 188 or 189, wherein said nucleic acid probe conprises

RNA. 191. The nethod of claim 188 or 189, wherein said nucleic acid probe -

e erort oLghe Thé fiehodor &lain Tod 87148, wheein s hiclele S8 robé Compfised®! ¢
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

glass and nitrocellulose.

196.  The method of claim 184, wherein the target sequence is detected by limited
primer extension. '

197. A Kkit for amplification of a polynucleotide sequence, comprising (a) a
composite primer comprising & 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.

112




RNA and DNA. 193. The nethod of claim 188 or 189, wherein sa|3d1 ﬂ“{f Uﬁ c acid
probe conprises peptide nucleic acid (PNA). 194. The nethod C 188
or 189, wherein said probe is provided as a mnmicroarray. 195. The met hod of

claim 194 q; j I L.cr r es the prob i Jmrobi | i dona
substratesﬁggﬁ@{éé]gg?‘#lﬁo%hx ﬁoj@@e ted fromth l@ﬁﬁm&% i ng of
gl ass and nitrocel |l ul ose. 196. The nethod of clai m 184Ylawcbr4i2@0dhe t ar get

sequence is deldted ltiyfolr sequencing prangetmuelebtidsieqencd %mp‘hskigt(a)‘ or

anplification of a nucl eot i QI equence, ising (a) conposite
primer coff %ﬁ“ﬁé’“&P ‘BRB@\S‘%PU g’rN%ﬁﬂmé?ﬁamg&AP@ﬁiOHM(b strygieRsuct i ons

for carryiggq fn e 17 ﬂzkg 9,
122-130, " and atsine 125%&1 aﬂ%@ffg‘é'gg ? 25’2153o§5é%9113§t })3.0}%@%'
200204820-5 Repl acenent Pages March 4, 2004 198 A kit for sequencing a

target nucl eot seqye ce corrprl sing (a) a osite prinmer conprising a
3' DNA porti onll‘g“ﬁd gﬂ‘ hrsaeterizing aﬁéﬂ‘-@w)ﬁ (anBtF ng’pladﬂrﬂet padynusleotide,ng out

t he met ho 10,.. 120-,13 nd, 145 .199. A
kit for c%%rg Bcg}ngb‘ggecf} g?l%gcoo er egﬁ“} ‘3“%“88{‘ %ﬁ'c?fl’e%‘fil de,
conpri si n@)(ms)tmatlmrfpneartyeng)omtrtbé m@fmsﬂrofsn)ﬂéf daiths 205, B30I 09-BI0d 1311 RNA

portion, tructions for carrying out the met hod of any of clains
23- 26, 66?% 14&029“@%3 18351 - 132, 145, and 182-183. 200. A kit for detecting

a nutation in a target polynucleotide, conprising (a) a conposite prinmer
conprising a 3' DNA portion and an RNA portion, and (b) instructions for

carryi ng out t2). meAtddfootletactingaf matatiomin Qﬁrﬁm@ﬁu&éotndkp&rﬂiiﬁmgl@ﬁa and
145. 201. A kit far rodu0| 3Moarray rising (a) onpqgsite
or e cSRSLP RSt SmpREnge it PNA Rertionankaskid parkn, aaf oY ipytrictions

I nstruct i gR%adrping 6af thY hiShddUif dnh of cHRhPA6f amPr4596- 110,
134-136, and 145. 202. A kit fo? dgt ecting m%gyﬁégéé@??rsggt pﬁynucl eot i de

sequence is present in a
201. A Kit 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.  AKit 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 polynucléotide

comprising a propromoter.

206.  The kit of claim 205, wherein the polynucleotide comprising a propromoter
is a TSO.
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sanpl e, conprising (a) a conposite priner conprising a 3' DNA portion and
an RNA portion, and (b) instructions for carrying out the msf hiith 105 any of
clainms 184-196. 203. The kit of any of cI aims 197-202, wherein the RNA
portion igS with respect to the 3' DNA portion. 204. The kit of claim
203, wher SIRgapRrepatet App: N 2002048406t to the 3' Rylacemenit dtageg0s.
The kit of any of claims 197-204, further conprising gyiaeckQpeqtide
conprising a propronoter. 206. The kit of claim 205, wherein "t he

pol ynucl eoti de conprising a propronoter is a TSO 113 31 AUG 2005

Si ngapor e pat eR07.Apphe kit of 212 008 20hdreiRald pulpitebotiBagRAprisify £ profronid@d4 207.
The kit of%%.labm 205, wherein the pol ynucl eoti de conprising a propronoter
is a PTO The kit of any of clains 197-207, further conprising an
enzyme which cleaves RNA froman RNA/DNA hybrid. 209. The kit of claim
208, wherein the enzynme is RNaseH 210. The kit of any of clains

45-52, 115, 116, 26&d Th@klleian)fufhtlinﬁts 19G+307| further contjsisinigCin emapmé ehichar ryi ng

gg;azgng ggc%R%A?ro% RﬁllAe}bﬁBAflxybnd 109-110, 117-119, 122-130, and

209.  The kit of claim 208, wherein the enzyme is RNaseH.

210.  The kit of any of clai_ms 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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