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- The developments of methods for nucleic acid amplification and detection of

amplification products have advanced the detection, identification, quantification and

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

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

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

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

detection of mutant genotypes, as relevant for genetic analysis, the detection of mutations
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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 used for the detection of sequence alterations. See, for example, Orita M., et al.
Proc Natl Acad Sci US 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 hybridizatiol., the method generally lacks

sensitivity when low amounts of the nucleic acid sequence is present in the test sample,
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20 Wuetal. in Ge(zamics 4:560 (1989) and the ligase chain reaction, disclosed in EP
Application __‘N,o. 0320308B1. Various methods of transcription-based amplification are
disclosed in U.S. Patent Nos. 5,766,849 and 5,654,142; and also by Kwoh et al. Proc. Natl.
Acad, Sci. U.S.A. 86:1173 (1989) and Gincrgeras- etal. WO 88/10315. o
The most commonly used target amplification method is the polymerase chain reaction,
25 PCR, which is based on multiple cycles of denaturation, hybridization of two
oligonucleotide primers, each to opposite strand of the target strands, and primer extension
by a nucleotide polymerase to produce multiple double stranded copies of the target
sequence. Many variations of PCR have been described, and the method is being used for
amplification of DNA or RNA nucleic acid sequences, sequencing, mutation analysis and
30 others. Thermocycling-based methods that employ a single primer, have also been

described. See, for example, U.S. Patent Nos. 5,508,178; 5,595,891, 5,683,879; 5,130,238;
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4,786,600. These methods include transcription mediated amplification (TMA), self-
20 sustained sequence replication (3SR), Nucleic Acid Sequence Based Amplification
(NASBA), and variations there of. See, for ethple, Guatelli et al. Proc. Natl. Acad. Sci.
US.A. 87:1874-1878 (1990); U.S. Patent Nos. 5,766,849 (TMA); and 5,654,142 (NASBA).
Other ampliﬁcaFioné methods use template switching oligonucleotides (TSOs) and
.' blocking oligonucleotides. For example, the template switch amplification in which
25 chimeric DNA primer are utilitized is disclosed in U.S. Patent 5,679,512 and by Patel et al.
Proc. Natl. Acad. Sci. U.S.A. 93:2969-2974 (1996) and blocking oligonucleotides are
disclosed by Laney et al. in U.S. Patent No. 5,679,512.
| The isothermal target amplification methods do not require a thermocycler, and are
thus easier to adapt to common instrumentation platform. However the previously
30 described isothermal target amplification methods have several drawbacks. Amplification

according to the SDA methods requires the presence of sites for defined restriction
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20 Therefore, there is a need for improved nucleic acid amplification methods that
overcome these drawbacks. The invention provided herein fulfills this need and provides
 additional benefits, |
All references cited herein, including patent applications and publications, are
incorporated by reference in their entirety.

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

(a) hybridizing a single stranded DNA template comprising the target sequence with a
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| Various embodiments of the composite primer used in the methods of the invention
are described herein. For example, in some embodiments, the RNA portion of the
25 composite primer is 5’ with respect to the 3’ DNA portion. In still other embodiments, the

5’ RNA portion is adjacent to the 3° DNA portion. For the methods described herein, one
or more composite primers can be used.

Various exemplary embodiments of polynucleotides comprising a termination
sequence are also described herein. In some embodiments, the polynucleotide comprising a
30 termination sequence is a template switch oliognucleotide (TSO), which may (but not

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

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

25 sequence alteration(s).

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

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

with respect hybridization of the composite primer to the template; (c) extending the
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pri mer t ovitthan enzypiecthat; cldavps RNAefickinng RNA/DNANSbid QuéH ihaBinother composite
primer can hybridize to the template and repeat primer.extension by strand displacement to
produce displaced primer extension prbduct; (e) hybridizing 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 mixture of INTPs and INTP analogs (which may be labelled or
unlabelled), such that RNA traniscripts are produced comprising sequences complementary
-to the displaced primer extension products, and such that transcription is terminated upon
incorporation of an rNTP analog which may be labelled or unlabelled, whereby multiple
25 copies of the target sequence are produced of varying lengths; (f) analyzing the product of
steps (a) through (¢) to determine sequence.
In some aspects, the invention provides methods of characterizing, or analyzing,
sequence of a target. Some aspects are based on the RNA portion of the composite primer
and accordingly the results reflect information regarding the corresponding region of the
30 target which, if complementary or of sufficient complementarity, hybridizes to the RNA

portion of the composite primer. The amount of product as compared to amount of product
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20 . comprises 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) production of |
detectably more amplification products from the template as compared to the amount of

25 amplification products from a reference template which does not comprise a region which
is complementary to the RNA portion of the composite primer indicates that the target
polynucleotide comprises a sequence complementary to the RNA portion of the composite

_primer and is not a sequence variant with respect to the sequence complementary to the

RNA portion of the composite primer. In one embodiment, the sequence of an RNA

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

interest is characterized in determining the presence or absence of the wild type sequence.
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In other aspects, the invention provides methods of producing a 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.
In other embodiments, microarrays are produced by attaching amplified products by any of
the methods describd herein onto a solid substrate to make a microarray of amplified
products.
Any of these applications can use any of the amplification methods (including
25 various components and various embodiments of any of the components) as described
herein. For example, the composite primer used may have a 5° RNA portion, which may
be adjacent to the 3’ DNA portion.
The invention also provides compositions, kits, complexes, reaction mixtures and
systems comprising various components (and various combinations of the components)
30 used in the amplification methods described herein. In one aspect, for example, the

invention provides compositions comprising a composite primer, said composite primer

10
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anal yzing anplified products of any of the nethods described .15 herein
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a 5' RNAipention providessompositionsicomprising ddyeofithe BdtAposite phinees describlidaredih t 0
the 3 DNAdgmon. In still other enbodinents, the 5° RNA portion is

about 5 8 * 20 nucleotides and the 3" DNA portion is about 5 to about

15 nucl eot | dedn ahéthef WpBa| the HiMehtion phfided (BRSO AR AR M | ONS

conprising a TSO, 5 wherei n t he TSO conprises a nodifi‘catiron”in the region
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|S ?YF Int l) ? hnhéerse variousecontplexes)ritstickamplel theinekdtion pRAHdoRIposifibhs conipeising 4)
_ 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 or a
blocking sequence). . In some embodiments, the complex further comprises.a PTO.
In another aspect, the invention provides reaction mixtures (or compositions
comprising reaction mixtures) which contain various combinations of components
25 described herein. For example, the invention provides reaction mixtures comprising (a) a
polynucleotide template; (b) a composite primer comprising a 3’ DNA portion and an RNA
portion; and (c) DNA polymerase. As described herein, any of the composite primers may
be in the reaction mixture (or a plurality of composite primers), including a composite
prinier comprises a 5° RNA portion which is adjacent to the 3° DNA portion. The reaction
30 mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA

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

11
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ki t S in n?éfﬂéd%%q?crﬂ%ﬁ Iﬁ%ﬂ:‘uﬂ &ne()j( Sﬂ:? %l ihyengggtprgg esns?(gtggg érl alrgglifgi%gtaai ning
target polynucleotide séquence or its complement, comprising (a) a composite primer
comprising a 3’ DNA portion and an RNA portion; (b) DNA polymerase; and (c) an ~ -
20 enzyme which cleaves RNA from an RNA/DNA hybrid (such as RNaseH). The composite
primer may be any (qnc or more) described herein, including a composite primer which

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

25 BRIEF DESCRIPTION OF THE DRAWINGS

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

FIGURE 2A-2C is a diagrammatic representation of an enhanced single primer isothermal
 linear nucleic acid amplification process involving transcription, using a template switch
30 oligonucleotide sequence. '
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suitabl e instructions, contain one or nore conponents used in the
anplification nethods. For exanple, the invention provides XitA§6 7804t
conprise a conposite prinmer conprising a 3' DNA portion and an RNA portion
(whi ch mewvole/28035and may further be adjacent to the 3' 10 dgMjufentipn). The
conposite prinmer in the kits can be any described herein. The kits can
contain further conponents, such as any of (a) a polynucleotide conprising
a term ndtICHRE %ﬁrﬁ isca diagrammatisqopresentatidn) ofancohanced siogleicompositgopriméemg a

propronot.er:  (C) 1 he., en . descri bed herein, such as an me
Ot ool dsiiherte SRR pficicls i FRRNESHRpR R GFeps Grolinapmscriib Shpe 8 LAY )
pol ynucl eegudhee eoiponcht.ng a propronoter and a 15 regi on which hybridizes to

di spl aced priner extension product. In another aspect, the invention
provi des B i§ v diagramynaticrrgpresentation of detartiomnf a metdtiod sn désmplateed her ei n.

F | | ' i d for lifying &,
ol yc) Sefiioptt Gahg HRNnelF pRESY ot iear e abh Bretass s Aroes b e
primer  amuGtibsbM thedarget DNA R site @0 &M&W@Nmﬁi&b&f%ﬂ&sﬁﬁr ase;

and (c) an, 20 enzyne which cl eaves RNA from an RNA/ hybr i as
RNaseH) . Preere ewn amphification ofithe targetmpcleiorasidis blavked whes e mitatibniier ei n,

I ncl udi n%ré‘s ﬁﬂrrposi te primer which conprises a 5 RNA portion which is

adj acent je 3' DNA portion. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE

| A-C i s FIGURE udvpicisanetiidRnrbioniilONatted PACE'S1Of iASRSothémRl | mer
I sot her mal ,J(d?gear anplification process. Fl 2A-2C is a diagrammtic
r eptles en®nlification products afe sxntheticdPNAdtergesr i sot hernmal | inear nucleic -acid

anpl i fi caiy | ' i r HRL 1 N0.a .t switch 30

o1 | gonuc TeSUIRIE AEFES sh BUii ki KBRGEpIB PRI AR EER S s 104 Fi cLre

3A- 3D i s amplifegtiempmtucts teepspesifict@bban of an enhanced single conposite

primer i | .Ijnear .nucleic.acid anplification progess_.i nvol ving

transcri ﬁﬁyjﬁé Z?F?fﬁésé‘"ﬁ%ﬂ‘k'g’rbm%&]m‘qg FPIPRIIRE JRE ealigigncy of

di agr amT%kRNAfW%ﬁm@rb%@ée&%&?ﬁbﬂbﬂflaﬁcﬁ%s?&d.0” inatenplate 5
uence using the single priner isothermal 1inear anplification process.

: ?( 5denofdSURE depicts an ethidiumebromride staibrih PAGE:gdl icomparisonl of isothermal linear he
EDIQI E?Et__g‘gfb&?{cg&%fggggg@\%%ﬁma ’i-@eg%lfem@hom_ anplification of the target
- FIGURE 9 depicts an autoradiogram of probe hybridized to amplification products
generated by isothermal linear amplification of a J gene sequence from E. coli genomic
| DNA. : o .
20 . FIGURE 10 depicts an ethidium bromide stained PAGE gel of linear isothermal
amplification RNA products generated using three different designs of the.composite .
~ primer.

25 MODES FOR CARRYING OUT THE INVENTION
_ The invention provides methods, compositions and kits for amplifying
polynucleotide sequences. The methods generally comprise using an RNA/DNA
composite primer, optionally a termination sequence, and, in embodiments in which
transcription is used, a propromoter oliognucleotide sequence.
30 As a general summary, the amplification methods work as follows: a composite

RNA/DNA primer forms the basis for replication of target sequence. In some
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present. FIGURE 5 depicts an ethidium brom de stained PAGE gel of I|inear

i sothermal 10 anplification products of a synthetic DNA targgt). Afgl ff4RE 6
depi cts an autoradi ogram of PAGE anal ysis of hybridization of DNA

anplifi caspw@oyosgiucts to a specific probe. FIGURE 7 depicis. an ethidium
broni de stai ned PAGE gel conparing the efficiency of ssRl\ké'FfrUﬁWézéWption
products generated fromoverlap extension. 15 FIGURE 8 depicts an ethidium

brom de_sewibadindtCE teymiinatiommeduon e povides ehd WisiEbr b Eifpbint He'gﬁ@édoﬁ“

w th and ttlBUt .a 3'-bl cicligggPTO. | GURE 9 depicts an autoradi ogram of

pr obe hyb\lﬁn?'cﬂ I fiyesting of blocking fusthep rapdigation algegithedarget stand.sAs describéd | i near
anplifi cag E,. coli.genom c. . 20 FI.GURE 10
depi cts a?})bl??/ ﬁ?{jf(ﬁnn?] Brom Eg‘ﬂg’ﬁg?ﬁ@&hﬁ@&‘d&eﬁmm“sﬂ\gﬁetﬁmﬂgm%ﬂmcc Isa

anpl i f i catémplatRiwwitoh ollgartuslegide(EOY| whidH Kontdih R gMrdcb B hre AEPOARALn ! N
conpsite | mer.. 25 S FOR CARRYI NG QUT THE | NVENTI ON The 1 nventi on
provides F@Pﬁfﬁ ntagify fodwdridizs do thedemplate steand {insdditionrig sequehges whicipare oF

sequences ; 55 LCONMPrise usjng an DNA conposite

priner, ogﬁﬁgﬁgyﬁ/ﬁ@g@gr a ng?l b’éﬁd@gﬁh@%’ °%h%‘gmﬁﬁ“§%mwg SEQHeRss ch

transcri pePmprises prisedily seqpermps thaoirerof SLiffRRak @bﬁprehféﬁtaﬁi}fltbq{%ﬁdizé% iz @
ws

general s mary ‘H%E@ﬁgli I cation_nethods work as foll'ows:” a conposite
RNA/ DNA pForRste £ Rolymerasesitfactsnopy g of thestarget seguencedipors tweprither. sore

13 31 Amwﬁyﬁmdh?@&sésﬁgﬂﬁ qugﬁ,i Ot sy SLA nati on
sequence provi des the basis tor ?ﬁ%ﬁ%ﬁ r r'tqﬁ “°?‘éﬁmaéﬁmﬁ'%aw ei t her
- di vdPt i nglremowtsd B A gequenaetfeom theliybeial; leaving| seqentéion tidr@plad seand.  AS
descri bedava?l%lg%r ﬁiﬁdﬁgnggmelr}godi nents, the polynucl eotide. conprising a
t'erm nation sequence | QB TORROSUG PRI o ANbaTtraad s predpceddyy, DNAI ch
cont ai ns._paifmeraseswlitindisplaces s pretioul rbOi R shafi ToLAHRI i idiiceli©
hybri di ze to the %&rrpl at e stran% (in achllﬁti on to &s)’gguen saJv'\%#l%/% are of
suf fi ci enP*ERHA REABYEaPptiorallyy  polamuepotidecompirisingenropiametérandtaiegion
term nat | Ghich ®YBRSZEs to the displaced primer extension product (which can be, for example, a
15 'template switch oligonucleotide or propromoter template oligonucleotide), which contains
sequences of sufficient complementarity to hybridize to the 3" end of the displacement -
extension product, binds to the displaced primer extension product. The promoter drives
transcription (via DNA-dependent RNA polymerase) to produce sense RNA products.
Accordingly, the invention provides methods of producing at least one copy of a
20 target polynucleotide sequence (generally, methods of amplifying target polynucleotide
sequence) comprising combining and reacting the following: (a) a single-stranded target
polynucleotide comprising a target sequence; (b) a composite primer comprising an RNA
portion and a 3’ DNA portion; (c) a DNA polymerase; (d) deoxyribonucleoside
triphosphates or suitable analogs; (¢) an enyzme, such as RNaseH, which cleaves RNA
25 from an RNA/DNA duplex; and (f) generally, but optionally, a polynucleotide comprising a
termination sequence, such as any of those described herein, which comprises a portion (or
region) which hybridizes to the template polynucleotide. A termination sequence is used if
transcription-based amplification (see below) is also used. The combination is subjected to
suitable conditions such that (a) the composite primer (and, optionally, a polynucleotide
30 ©  comprising a termination sequence) hybridizes to the template; (b) primer extension occurs

from the composite primer, to form a duplex; (c) RNaseH cleaves RNA of the composite
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conprises primarily sequences that are of sufficient conplenentarity to
hybridize to the tenplate strand. DNA pol ynerase effects copyimg 2005 t he
target sequence fromthe primer. An enzyne which cleaves RNA from an

RNA/ DNA PYVHWOISuch as RNaseH) cleaves 10 (renpves) RNA $ETWENI25164 om t he
hybrid, |eaving sequence on the tenplate strand available for binding by

i choi SRPRL ek RN DN AGRREL o Sroc'oim?%p‘ig prifss By@q%sitﬁﬁ{eiys”ﬁ{ aced

ext ensi oferinslae Usiid aneXiel fRlIof r&hd? 515({5[% ter
and a re |xg¢1 whi carxl1 hybri di zes to te;r(%ﬂi ace%d%sll nmer ‘ext ensi gﬁ&%?%guct

(whi ch cé8ispleingfthe steandabready eopied fremﬁhatmlﬂauet ch oligonucleotide or

t t | at I | eotjd h t
Suf i cient coSuaRe e 't%@%a‘?@alspﬁ%qaéf%%m%&%pﬁémoafreq Hon (rier s ditrent
ext ensi oBaré ARGk thdsk BEmpdRentd Bstel éwve%? d&rd eo r&%ﬁhe The

pronoter drives transcription (via epen ase) to
produce SEMPESIFEA PHIPsOMOtes scqmnm(dvlm@ ¢an bichia alny\aﬁ laMunrbepobfmds:as met hods of

roduci n of ,a, .2 et . po ucleqtlde se uenc

(pgeneral Py@hﬁﬂeﬁ%@?ﬁdﬁ ?'?W"r?&ligf‘é 59}9&?%4{%’ acgd pHmer exens

conpr [ si (8§ rbomiiesie tAPROSHRAGS b shitabie ahdlo & UndYs) RRUA ;?%@@ﬁk@ uﬁaéranded
target pol y nucl eotlde conprising a targel sequénce, a conposite priner

corrprl si fenditionsench that transeription of the d[snhcp@stmman(o@;ma Dttilspegardimgdise; (d)

e s o PP O it LPRERRABIs B Sl el T taevio&horftyy "Yencr al 1y,

but optional | §n smepahbdidiﬁieﬁﬁ]; theen At Eﬁiv%s&ncth&i%f@@&ﬁéﬁ@mﬁ%Gél@fé%ldss uch
conpri ses ortion (or region)

\7;. gﬂyhg gl ggggicﬁ gﬁ‘?ﬂi‘%ﬁ%‘&ﬂ@%ﬂ%ﬁ@ééﬁ@éﬂa% Rsi(eatvhen sequence is
used if ehb@dlﬁﬁhb%&?r&ﬁf§ﬁ@‘aﬂ£ﬂ?ﬂ h%+e Coﬁ%nélﬁﬁ%tlgﬂﬁﬁ%% 2 r§ ri %ed' The

conbination is SUbj ecte Sul I ONS SucC

conposi t eI*IEPr@)nwhncbamay bedpberlbdadr luplabellqaly hserused e dictord iRy, cthmmwe:&ldng a

eryd nat bridizes to th | at e; ensi on
"occfl?rs P&c?)nnfe ? g&%%noéﬁﬁggﬁ &Y Pg &'B'cfe(?? ngqmmeeépr?x %‘“&ﬁé‘@ﬁ‘%’?eaves RNA
.of the cdegfibéd sbolé, ‘ahare.atmm%dmp didheiBh | mer from

t he RNA/ DNA, dupl ex;. (d) anot her corrp03|te prlrrer hy r|d| zés to the’

“t enpl at e eTmipaternIVieh may bedabsiled or Hdﬂbﬁikdemxl/ml‘{'lﬂbchndtrmabgﬂ which
Foml at eargefiid tcheorich RROARAE sl b B Su e A HuBOReR e S AT et i on
react i onafplifiationgroduceis analyzed for sequence information, as described below.

20 - In other embodiments, the invention provides methods of detecting nucleic acid
sequence mutations and/or characterizing target sequence(s). In one embodiment, the
presence or absence of a mutation in a target polynucleotide is detected based on the ability
to amplify the target polynucleotide using a composite primer whose RNA portion either
contains or lacks the mutated sequence using the methods of the invention. In another -

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

In yet other embodiments, the invention provides methods for generating
microarrays of nucleic acids (DNA or RNA) using the amplified products of the linear or

30 enhanced linear nucleic acid amplification methods of the present invention.
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5 sane tinme as those conponents |isted above or added separately):. (e) a
pol ynucl eotide conprising a propronoter sequence (which canbﬂe b@ @Ey of a
nunber of forns, as described herein) and a regi on which hy Ao dldt o ¢ he
di spl ace 1 extension product; (f) ribonucleoside triphosphates or
sui t abl edg% ‘yoig‘?; and (g) RNA pol ynerase, under conditi orﬁpl'ﬂﬁ@wmlﬁét
transcription of the displaced strand can occur. Details regarding the 10
vari ous conpon@ties ngdthdds : . ' ' re pr,oyi ded
bel ow. I n sonme enbodi nen?yslfia%ﬁ%q;ﬁ%\% glﬁgdnﬁ%?g&ggg%cﬁﬁgﬁ%% agefprgﬁa nci ng
nucl-ei ¢ abslew. (DNA or RNA). For the sequencing nmethods, the appropriate
dNTPs (or, when enbodinents which rely on transcription-based
anplifications are used, appropriate rNTPs), which may be |abelled or
unl abel | eddvantagey8Fthe afRBCEi I I¥tholib & hd INVERGdPN 15 provi des met hods of
sequencing a target nucleotide sequence conprising the nmethods described
above, wher ei nlkinaplification Miethartsalf tlysinwéitioh proede EéveRil sighifieaidlali ®dhtages
t er m nat Oé\%r ﬁ{@}ch ¥ e Ila.beIJ ed qr. unl abel |l ed, and/or rNTPs and T NTP
anal ogs, whi & 5\"9{% PhBycleir aridamplification, Tha farmatiopefmsimedytemplateabel | ed or
unl abel | gttimétextensiih an Ny ' t 1.S..an zed for

" 2 B RO (L pisSion Sl e edeRs R Blniad

sequence |nformation, as descri bed ot hel Ats, the
i nvent i orflepersentien thesleayage of thd ®NoA portipnrof chehybrivitied prififef U A gibontdl@ké ONs

d/ Wk & 1) ..enbodi ment , the
or - absencaia Tt B R ARHRIRT  noEnd i sraospertoact Gapsinsea on
t hel@bi | i€gnsequentypihc RNA tanioiiptieh pRIuK BnbRAL H6m 1) ébgn;ﬂcﬁm&’éit&?si&{ | b

e e

whose RNA 8€rii Ocﬂ eithe{? contai ns or, | acks the nutat sequence usli ng
et hods dirofystand,thefemplate switchlizranciomidentrtiic promqter thmphtmslighhedeqtideguct s

are used dqe g g ' i ridizatian 1.t h eci.fic probes.
In yet anot ﬁ’éﬁ%ﬁ%‘l&m éﬁytﬁ@é%eﬁg?? icgg%g%%méoﬁ}‘%p%%ofﬁcﬂgfn%t

and/ or i déhwsi thy amiphification preduttsaminot capabler>f BYbHARME EHEpriner Forl F6ARk ve

pol ynucl %ﬁ'hﬁ%ﬁt'l n t oL her .r}‘oodl rrené‘s the invention provides nethods
for generath Ng l?ﬂ’éﬁ%‘é‘?&@f’?"ﬁ‘ itigranetheds efthe pvanien mpistant foineg-spéwific

anpls fi ecnplifidatdrsded tolddBtanlinfRy ansdq b i&.aci d -
anplificatign nethods 0of t he pr gsvgi}ll'} p%’%%éetﬁ?. on. ib&g@ng@%@% 01/ 20035

PCT/ US00/8354198s. Fhis featwre ielrarly intinguishes it fremeotidri Knowd targetcmegligicatescr i bed
herei n_ anfetRédly hiilhihs PR MASBX M Tk fnd NddTihe fbgahl Ofy, et hods of the

I nvention ¢ lvention
suitablc for open tube platforms commonly used in clinical laboratories, hi gh throughput
testing sites, and the like.

20 ‘The unique requirement of cleavage of the RNA portion of the composite primer in

the hybridized and extended form, by a ribonuclease such as RNase H, for further
~ progression of the amplification of the target nucleic acid sequence, results in the exclusive

amplification of DNA target. Thus, it is possible to use the methods of the invention for
amplification of genomic DNA targets in the presence of excess mRNA. This feature is

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

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

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

30 copy of the target sequence in the input template DNA (in the linear amplification
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5 The anmplification nethods of the invention provide several %i g@jﬁf@ﬁﬁgt
advant ages over other nethods of nucleic acid anplification. ‘Ilh f tion
of prined tenplate, priner extension and di spl acenent of the previously
gener at edV@R1/2MW3I5 on product is dependent on the cl eavagePCT/USh&H 250
portion of the hybridized priner by a ribonucl ease activity. Thus, the
primer extq s&sﬁ)n oduct is lacking the 5 -nost portion of the prinmer. 10
Consequetd 6‘,’ ) Pt tepplate BiNAand ths prineergateasion prodpets of thednpWnpl ex of

t he ext ep&i ] S | ol;ixgonucl eoti de, or the
prormter@?ggrlgltea%go i?@?&gﬂ%ﬁ‘ge, c%giscaﬁg{'ﬁ%g}?tdgrgn at its 3' end the
sequence conplkheantthods afthe imventimrdd wot requitdWemidcyeling in his amplifieation can

anplificatio roguct s ar t. capable of hybridizing to the prinmer for
product i @8 W&Rﬁ??‘f \se'ilmﬂ& Eﬁu? ffggmgromﬂsimn@musaﬁvmg%aacladmg he

I nvent i ofadiB&ti A L, ' ): i on
wth pr odﬁét §hg%§gt§)g{aggﬂg§/ugr o%tlfogg%ﬁjilﬁgﬁﬁo%%g?%géé% oﬂéﬁd@g%aﬂgé%%r e
clearly ausleionpidss feos ekampleosequeronrg tiehots baedoh tirrmhplificadién Methodebhees,
such as PCR .NASBA.anE %)‘Pﬁlfl | rkaﬁisl and renders the nmethods of the invention
sui t abl e IFYRUGPH 8k simplified by tha ‘%Eﬂﬁﬁigﬂfw the sepctipnsiisotheraally) £Mberat ori es,
hi gh t hr exglhgisithatt ' ' , | ke Al ui r ement
of cl eavage of t?lelﬁ%\lAbé%lot? |lge?11ro t %Qﬁgﬁpcggﬁ%@ﬁﬂcygﬁﬂﬁé%ﬁlﬁ%bri di zed
and ext egytedsipn praducts from thedtarget segaenceu Ahedsothdsa@brehttionds fdster tirthat

pr essi f anplificati,on of target nucl ei ¢ acjd sequence,
re?g):’ ts Pﬁgf‘%’g bé&@?rl'}gf\%dmﬁr?ﬂfii'? ?‘E‘&P‘tegﬁ' BrfgsRping sgayencin target njdeigossi bl e
to. use t heidirmlinidturived dedcésavention for anplification of genom c DNA
targets in the presence of excess nRNA. This feature is- 25 useful for

accur at e quantifothespdvantage of shemethodsef thewhaventibw istthattoniyoa sjpglepuinheriis aci d

sequence rdotii : &:Ehtst transeri bed to.produce.c whi.ch can

be anpl i F‘%“z’ ifed, B sigele Zih%gﬁsf%gls&%go érﬁgl |eﬁ’<?é4|f°|°§?|. gt eﬁﬁ’%{ﬁlbsd%“ 'Eeﬁ'él&

i nvent i oin amphfigationiofecrhplateanpleid dcidht This ob{iates tigaiuniielsirawbadkds Wi th high
wth respect .to the tenplate. Each anplification product is a

acqur acy L .
dir gct 3855081irdYith Ravipg fojuse peids pales forexample eqstiof designing andmnaking fwe he

i near - agat of pikiDihebbod o ﬁ?%&i@d&&é@ﬁ%&?&@%ﬁﬁ%{%ﬁ%@éﬁ. WRnitPds) .

or the input tenplate DN e priner-ex he 1 hput
t enpl at etioNemplate nileic abidnansbihe inveaasecdprobabilicathatamplificdgisductsTire tiiet hods of

the i nvepéshﬁ%fggn_ggéciﬁg%ﬁﬁfg.t her nocycling in t.hat anplification can

The linear isothermal amplification methods of the invention are also suitable for
20 use for detection of nucleic acid targets, quantification of defined nucleic acid sequences,
and the production of probes for defined nucleic acid sequences. The methods of the
invention are useful for qualitative detection of a nucleic acid sequence, quantitative
determination of the amount of the target nucleic acid sequence, detection of the presence
of defined sequence alterations, as needed for genoiyping, and sequencing. The products of
25 the amplification according to the methods of the invention are single stranded and are
feadily detectable by various known nucleic acid detection methods._

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

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

present in a single test sample. For example, the methods of the invention are useful for the
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be perforned isothermally. This feature provides nunerous advant ages,
including 5 facilitating automation and adaptation for high thgpughps
anplification and/or analysis of nucleic acids. For exanple, sequencing
met hods byaseh/bssd he anplification methods of the invention are sinplified
by the abi ty to performthe reactions isothermally. O hePC TIUS0M4Y ¢ hat
have been reported require thermal cycling for the separation of priner

ext ensi ond¢tectibnaifthé presenich of Vaidt ba l*%liﬁ I NalS
faster thgn t hat . 10 1(Zlffor ded by t? rrg cyeals“]r%g 1£l§ss%l§ lebsg&tfl%'y’the

per f or mi ngcte@yniAN ?@Vaﬁpumlﬁmgﬂﬂnmsrtdsenasmd}e genommDN&lsamplé% Bevi ces.
Anot her a&&%ﬁ&?ﬂﬁ‘m%&uﬁnﬁﬁgg%ﬁrg the invention is that only a single

pri ner require a1 | j zed to provi de unidirectional

pri mer ext ensi Iuis tldrsto®bthat, withi rBspREPl! Al &ﬁﬁddlﬂreg% dkférﬁeﬁlrgrel%b% gerﬁgaZﬁ" d.

Thi s_obvi ates the nunerous drawbacks 15 associ at
pri mer pa|°r°§’Pfl’5tﬂg @Qmpﬂ@t%mpcdts dbsinyentiun @lsslinvhides embvdimea® tvehie

ri ners, e r|or know ed of an addi tional sequence region
\F/)vithi n the 19{3& rlu%llllfl? %’ ¥ Qopgne %‘ﬁ&rgflpéclsnérfh@d%%tlﬁﬂélﬁ%@ql? de§ t hat :
anpl i fi ederpb(ﬁﬂmehts vétii¢h ¥doRsist oFS Heke BSmPOEnEPGHSs ét his ﬂes {Ulp | I near

o

I sot her mal lification methods of the iInventi are a suitable for 20
use for &R desaribed bergimci d targets, quanti f i cation of defined

nucl eic acid sequences, and the productlon of probes for defined nucleic
aci d sequences. The nethods of the invention are useful for qualitative
detection of a nucleic acid sequence, quantitative determnation of the
anodbt of Geneeal Bechuwiguesucl ei ¢ aci d sequence, detection of the presence of

defined sequenpig htdedfitit Sreseabi n@gﬁgoquilpex}lgoyhgmﬁﬁ(ﬂ% and . S&E yenci ng. The

products of 25 the anplification accordi 'nventi on
are si nglfé)nstlﬁmalef@lanqmamé'mmnm biologt &ﬁdla@rhg rédbnyljiﬁmw&hhiqgw nucl ei ¢
acid deterﬁ]“_&qolgg ﬂzb fLe? thpds of . the invention are furthér -useful
for multiplex anglys '?ll’gjﬁ < ‘E‘IS"Q(CW%HBMQ%WW%@W&I@@WU%r| ous
target s ahel enc S&cﬁ%}thrh@ue%@é bpldfeSiullyih ﬁ{ﬁ%ﬁlt&e’ g hs SJM&F Sil &e@ﬁ
mxwre e var| ous target sequences may be part a’sin t: 30
Mﬁﬂugbeiﬂcpmcbe@wu@wﬂxom etwa.r i esas), ?‘Oligmucleetidd targets,

vvh| ch mays h ﬁg@pﬁ I“ t met hods  of
the i nvent [ or?sgr féﬁ f Clégg@t fsﬁ\l\(ﬁ’@%(ﬁdj %):USOO/ 25104
det ef:t i orf M¢ﬂllodsen ﬁmymnlmyb(AMemJBreﬂﬁH@E eCurrefit ProficoBif NMbiehitg cal -
sanple. %rglog?’r’ lly M. }{'usubel etal, eds 1987, and periodic updates), “PCR: The Polymerase

Cham Reactlon”, (Mullrs etal, eds 1994).

20 l aners ohgonucleotrdes and polynucleotrdes employed in the present mventron
can be generated usmg standard techmques known in the art,

Definitions
A “target sequence,” as used herein, is a polynucleotide sequence of interest, for

25 which amplrﬁcatlon is desired. The target sequence may be known or not known, in terms
of its actual sequence. Generally, a “template,” as used herein, is a polynucleotlde that
contains the target nucleotide sequence. In some instances, the terms “target sequence,”
“template DNA,” “template polynucleotide,” “target nucleic acid,” “target polynucleotlde ”
and variations thereof, are used interchangeably.

30 “Amplification,” as used herein, generally refers to the process of producing

multiple copies of a desired sequence. “Multiple copies” mean at least 2 copies. A “copy”
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determ nation of various polynorphic sites in a single genom c DNA sanple
can be determ ned sinultaneously in a single reaction. It is understood
that, with respect to all enbodi ments described herein, as gen&fiallfy 5
"conpri siWg012Wdhonent s or aspects, the invention al so i netwagsysIOdi nENt S
whi ch "consi st essentially of"’ these corrponents or aspects. The invention
al so incl des enbodinents which "consist of' these conponents or aspect.

This appl9oss netaessssanily mranipeeiaet scananse cormplementarity oridentsy to the taraplatei ques
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r econbi nantentiemsh saquence)alterations (shcbh@smuew dlteRitioh® fitrodtdedAMOURIS & pMmepNd
i munol og% which are withip the skill of the art. Such techniques are

expl ai ne I‘lﬂ"ls?glarfeﬂ'ﬁé‘c? ﬂtaétsel}ybpélzagllqcbptg@t complementary, tathgiiemplate)sndlor

Labog at orgeqhdnRe!arr dﬁﬂ% rook et al., 1989)
"ai gonucSIé%ot | de Synt hesi s %@Bllga%[& 1984); "Animal Cell Culture"
(R I Fr eshney‘Polyuucledtdd?) or “nhbkidmcﬂs” aﬂuﬁﬁzu@ﬂimbeﬂﬁ?diﬂ,%&tﬁf ess,

I nc.

rent Protoc, Ieclar Bolo F.M A bel et al.
bos. " 1o@yTHobRGHE oh At gusth, anddneluce DNoAy BN s o KemctvorSkssnn ba |

Mul I S 3%}] | I
g)ol ynucl ?gt)l debgngﬂ% t:)dfé I'n gu{))d%éﬁs]ig?t cf‘%‘\%‘éﬁ?{?&ﬁ °?§§'Ieg’oaéld§°ég]é?ﬁmgﬁm ng
st andar d oresysubgtrate tkawambc incbiperated intda polyinier by DNA or R};&nggly&%e RAE as
or 25 ic

h | d f
ampld 11 catoeRaRiEey Bitmoamedingl fidediencucha mobYleebRrckouet sknoun, i n
terms  oftit Snabods U pré QY SRSEficAARN6 ald Maclddtidd ?ﬂﬁtﬁﬁ%ag t%smﬁﬁﬁ ?&6:%' n, is
eot equenc

a pol ynucl egtlde that ‘ cont ains the target nuc n sone
i nst ance®ra therngbmeye Jibersequence of nughécdides MiAbe interwptedibynon-

SITET AR iRt O
her ei n, - gecleasiiyl qonjughtion with allblelinpRosponet. e FHEIBF nibdifidalbls MmeREs of a
gils . 035?equenc 5 MJJ 's p%ﬁ%qj%% %g@m)?e 2}' thle?gtsurallzy &%ﬁ;:nz nu'gleotclggymth ° Vo
an analog, 1ntemucleot1de modifications such as, for example, those with uncharged
linkages (e.g., methyl phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.)
and with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.}, 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 alkylators, those with modified linkages (e.g., alpha
anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide(s).
Further, any of the hydroxyl groups ordinarily present in the sugars may be replaced, for
25 example, by phosphonate groups, phosphate groups, protected by standard protecting
groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated to solid supports. The 5’ and 3’ terminal OH can be phosphorylated or
substituted with amines or organic capping groups moieties of from 1to 20 carbon atoms.
Other hydroxyls may also be derivatized to standard protecting groups. Polynucleotides
30 can also contain analogous forms of ribose or deoxyribose sugars that are generally known

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

19



does not necessarily nean perfect sequence conplenentarity or identity to
the tenplate sequence. For exanple, copies can include nucl eotide anal ogs
such as deoxyi nosine, intentional sequence alterations (SUﬁgeﬂ@Hﬁequence
alteratio bﬂ%kgguced through a prinmer conprising a sequence .@_is
hybri di zabl'e, " Dut” not conplenentary, to the tenplate), andPEI/US0MdMence
errors that occur during anplification. "Polynucleotide," or "nucleic

20 OSSN R BB B i A ©
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psor al en, ), e_cant ai ni.n nel.ators (e.g., netals, radioactive

net al s, b%tf%g?a’c%ahﬁ%ﬁ?' W%%%I%’ﬂlcg?°8d?§ ‘?'??ng &encsatlyaibut vt ngressarily dess, t hose
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nucl eot i depallyandfiyllyapplicabl¢ toosligoutleotiddsi d supports. The 5 and 3’
term nal OH can e h,psphgé%hat ed or, substituted with am nes or organic

cappi ng groups o S g5perpilyp ashort sigglestrandespol ynushnotide, @eneral i ywithadydes may
al so be d¥LOHAErodsIhdtBi - : ' el yucl eot i des. 30 can
al so contai nﬂzérfalggodgl%?angﬁggarl Q%x@@lgﬂpe&g:g%??%g% ﬁ'ﬁ‘ﬁ "s‘&?)hg’fe“ Zog
gener al | yWith aarget sequénge,cand théreaftergirogotes polymefization ofd polymithiolidé -

2' -ghall yémtﬁéﬁgﬁtg@’tgﬂ)eo&rg%tf azi do-ri bose, 19
A “termination polynucleotide sequence” or “termination sequence,” as used
interchangeably herein, is a polynucleotide sequence which effects cessation of DNA
replication by DNA polymerase with respect to the template comprising the target
sequence. A termination sequence comprises a portion (or region) that generally hybridizes
25 to the template at a location 5’ to the termination point (site). The hybridizable portion
may or may not encompass the entire termination sequence. Examples of suitable

' termination polynucleotide sequences (such as blocker sequences and TSOs) are provided
herein. '

“Blocker sequence,” or “blocking sequence” as used interchangeably herein, is an
30~ example of a termination sequence, and refers to an oligonuclcotide that binds, generally

with high affinity, to the template nucleic acid at a location 5’ to the termination site and
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WO 01/20035 3 1 AUG 2005 PCT/US00/ 25104 carbocyclic sugar anal ogs,
a-anoneric sugars, epimeric sugars such as arabi nose, xylogﬁ or Iyxoses,
pyranose sugars, furanose sugars, sedohept ul oses, acyclic aN@d@ and
abasi ¢ nt)’@gﬂéqoéﬁe anal ogs such as nethyl riboside. One or PEBAUS00/25104
phosphodi ester |inkages may be replaced by alternative |inking groups.

Th | b
enbodi e bR ion SHEH E0RREn b DA T i iecaftsfi rippos p e inplh
("di t hi oz Iphsmg ﬂ@)t&i@[eﬁ:quhex(ceaflts@iteﬁd)nayp&@n ndt bObIRked €82 ertensibR by

("formaceta in which each R or i's independently H or substltut ed or
unsubsti t éd’oblnkﬂﬁse(l 20 O opt | onal |y containing an ether ( 0-) linkage,

|, al kenyl « »
ol yhuel eot | de TR Heu Y Birhnabe il af e thtesobisefly nersoy £085Ts, o
10 ol ynuhd sief peiasorregion beﬂwttembwt@ﬂﬁt isi1axe 'réﬁﬁbﬁlﬁd BYhADN APYlymerase

"digonucleotide," as used herein, generally referS to short, generally

single defosetesminatiomef polymergationcigenerplly, prisner etensies) ortemplatesswitsheFat | v,
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sarrpl e ofsingld-stranded DNM;dq:lembezreglgn wlilutlb lmdm&ﬂ@eﬁraxﬁi%dl (fenn ¢ capisle bﬁﬁr eafter
rormte me tion of, a cleotide 20 co enentary to the target.
p "ter msﬁ‘g“[c#% Mgm"e@f‘%‘eﬂé%%"x ?P"‘lt‘éﬂfﬂﬂ? rsﬁﬁll“eé‘é%yuence as uged
' nt er chargrAePr¥mbRE, ek opio‘in&epﬁqﬁ@lﬂfél e‘%éﬂﬁm%eﬂu\ﬁ}ﬁﬁné{@f Q&u@t{&@%ﬁ

cessation of DNA replication g pol yner ase respect to the
tenpl ate emmwrsnamguspdaeltcr@ hapgeablyequence. A ternination sequence conprises

a tion (or «edi t neral l |,,d|zes 25to e tenplate at a
|OE§[I on 5' toT ﬁ%%ﬁé{l%ﬂ ‘ﬂ%i‘tff{ (?‘éq) ftdr?rfé%?’b portion may
or may neligonelsotds that m@wﬂm@gl&n mwsymim@r@m RmpRite z&ldl table
term nation polynucl eotide seguences (such as bl ocker sequences and TSOs)

are provilecation fetodhe termnagion site Qémwcnstﬂﬂ ang|thatids eepablapfoficetings used
interc ha@&ﬁﬁ%&vﬁl@ﬁ &l the prGeeddof primer extension by a DNA polymerase, TSOsare

generally known in the art. “Template switch” refers to a change in tcmplatc_nuclexc acid,
20 generally from the target nucleic acid to the unhybridized portion of a TSO, during the

course of a single round of primer extension.

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

25 propromoter sequence and the hybridizable portion may be the same, distinct or
overlapping nucleotides of an oligonucleotide.
A first sequence which “corresponds” to second sequence, such as an RNA portion
of a composite primer, means that the first sequence has significant sequence identity with
respect to the second sequence. This term is generally used in the context of detecting

30 mutations, or characterizing sequences of a target.
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30 exanple of a term nation sequence, and refers to an oligonucl eoti de that
bi nds, generally with high affinity, to the tenplate nucleic acid at a
location 5 to the ternination site and 20 WO 01/20035 3 1 AUGAIfOHSS

PCTf USOO %63 Bfladgld ects cessation of DNA replication by DNA Eol grrer_ase Wi th
respect to the tenplate conprising the target sequence. |PSTES00234npy or
may not be bl ocked for extension by DNA polynerase. "Term nation site," or

“term nation pTorinhibifSis'ts &by 1 - herei r to. 5 the site,
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capabl e O?Alﬁ?}g%%%ﬁlf% tsf?rogrPé‘H?qsﬁ? 1 Ipvengignsa castlexisgenerpilsaropr onot er
sequence, interirediateOwitls Fbpaét 10 tho it aRIFREEHIATUAREG). |~ Pr OPY oot er, |

1N

"pronoter sequence,” and “"pronoter” are us “changeably. 15 "Tenpl ate
swi tch ol i gonu| ettions of fegion,” usediisterthargeably hereth,afa polyradleotide or

ol i gonucl ' f .l ses a porti (or region) that is_hybridizable
to a tenp adgqglf 6"?1& lf%%gp{'%‘houé'se‘ﬂ%n%@of%‘rWWalﬁgﬁﬁn Igjother gmbpdiments, 2xt ensi on
andl@hat fegionappoition ift Rhdtabbuthydf 3| S0 75,2095 LodkidBul RGIBNAEESS Of

ally

primer extension hy a DNA pol ynerase. TSOs are  gener nown 1'n the art.
"Tenpl ate swi tCAeBIPR{RATYON, Or sequeneywhich is ‘adjricant? to amdthérsequence dizddtlgener al | y

fromthe rkOBht 8 bGtiak | ' ridized. portion qf .a TSO, during
the course of a %‘F’h’é‘ e lrag’u(ﬁég(g‘fénggi ﬁ%}:&gwgeng? ‘A pestigp, IS pdipespbint e
ol'i gonucl&8tPHA RM@% of a cempesitt ﬂﬁnagidlirgctl)&itﬁwthhpregibn: lqiiloi- g,(pméllgtlrﬁ%i#e t hat
conpri se opgoter seguence and a portion, generally a 3" portion,
that is hy &é‘?@f Feeclfigu&eﬁ 'gf region of a primer extension product. The 25

prop§ onot er s eqtiacRomRixte iD¥PhistnBRbL | iles"RHicRS , distinct
or overl appjhg nucl eotides of an oﬁn'i ggnggﬁgﬁoﬁnggt.s’ CB’ uﬁd@%ﬁéﬁﬁ
conditions, react to form a complex (which may be an intermediate) and/or a product(s).
“A”, “an” and “the”, and the like, unless otherwise indicated include plural forms.

- “Comprising” means including.

Conditions that “allow™ an event to occur or conditions that are “suitable” for ari
20 evérit to occur, such as hybridization, strand extension, and the like, or “suitable”
conditions are conditions that do not prevent such events from occurring. Thus, these
conditions permit, enhance, facilitate, and/or are conducive to the event. Such conditions,
known in the art and described herein, depend upon, for example, the nature of the
nucleotide sequence, temperature, and buffer conditions. These conditions also depend on
25 what event is desired, such as hybridization, cleavage, strand extension or transcription.
| Sequence “mutation,” as used herein, refers to any sequence alteration in a sequence
of interest in comparison to a reference sequence. A reference sequence can be a wild type
sequence or a sequence to which one wishes to compare a sequence of interest. A sequence
mutation includes single nucleotide changes, or alterations of more than one nucleotide in a
30 sequence, due to mechanisms such as substitution, deletion or insertion. Single nucleotide

polymorphism (SNP) is also a sequence mutation as used herein.

22



A first sequence which "corresponds”" to second sequence, such as an RNA
portion of a conposite prinmer, neans that the first sequence has
significant sequence identity with respect to the second se§ueti6egsThi s
termis Q¥O®1/2003§ used in the context of detecting 30 nut ichrAkGe/ 2604
characterizing sequences of a target. 21 3 1 AUG 2005 WO 01/20035
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regi on. [Eodonuelaase digestioni on of this exanple, see Figure | A-C. 15 A
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pr oduct ( 9¥a colléstion FRucienide dehife Lderatil e L S€ <06l cat ed
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"al | ow' &Wbsisatessuehoascglass side,wodiatsenmisolith stbstrate, sichias attloeélldlose an 20
event ton?éi&lHEz bybri di zati on ran xtension, and the like, or
"sui t abl con%isw%ﬁ%fegr“égé%%ﬁf‘ﬁsﬁﬁgmengNﬁoPrﬁyéVé‘ﬁngﬂ% %ot s from

occurring. ThiThe teine$3” genctally feis tP2FeBidn oLFIRIMAGN a?@%h@:ﬂa@ﬁd‘e ofand/or are
e art and descri bed

conducive,to the gvent, Such conditions, known in tf
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~ The term “5°” generally refers to a region or position in a polynucleotide or

Q,

oligonucleotide 5° (upstream) from another region or position in the same. polynucleotide or
- oligonucleotide. o . o

20 The term “3’-DNA portion,” “3’-DNA region,™“3’-RNA portion,” and “3’-RNA
region,” refer to the portion or region of a polynucleotide or oligonucleotide located.
towards the 3’ end of the polynucleotide or oligonucleotide, and may or may not include
the 3’ most nucleotide(s) or moieties attached to the 3’ most nucleotide. of the same
polynucleotide or oligonucleotide. The 3’ most nucleotide(s) can be preferably from about

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

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

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

polynucleotide or oligonucleotide. The 5’ most nucleotide(s) can be preferably from about
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25 what event is desired, such as hybridization, cleavage, strand extension
or transcription. Sequence "nutation," as used herein, refers to any
sequence alteration in a sequence of interest in conparison to a reference
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el ectrophoresis, capillary electrophoresis, and/or susceptibility to
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nuc ouj'g‘gﬂg aaida centralized |location. Arrays can be on a soli
substrate, su a.9lags..slide, or on a sem-solid substrate, such as
nitrocel | ul os gﬁ’r%%ﬁ{f?%ﬁéggiﬂéa Wﬁ%ﬂté‘b[’? gaplified incluses ougleib ecidbifronRidy, soarceany
per nut at iiniparifis¢6eahpurifitd $ornk Whichican HEHR elel S a hegion or. |
posi ti onﬁé&gﬁg}g&gg‘é}q&ot i'tdemgﬁa&t%gonﬂdg%ﬁ%én sD d})vﬂ{ﬁ)éa‘r?fﬁ‘ﬂ%m
anot her rté » Butorirondrial BNideandRNW) chloesilast PNX asd REROURN Lot | de.
The ter MRNA'K ﬁ@@gﬂﬁ( Shel s, 9.a.region or position in-a pdlynucleotide.
or ol igonucl _ggt ide %p_s??%%ln?‘ﬁﬂfpﬁi‘?%{nom?&P@ng 1Be gpromesiaddn in the
S grrbS Dﬁz | Mpgu&ltmdgrlalrsucbhs m?m&kﬁﬁ&m%%_és%hlgﬁ%ﬁ ? &15H0 viise %oﬁ) cpsg Ho? #e
"3 - regi.on, " "3'.- portion," and "3'- egion," refer to
portion O ‘e@F‘B‘ﬁ’ Ypmals canddragments theteofj otainiog tndipurifyingt midleic
' acids use standard techniques in the art. Amplification of an RNA target will require initial
- ¢DNA synthesis, as known in the art. Amplification of a DNA-RNA hybrid would require
denaturation of the hybrid to obtain a ssDNA, or denaturation followed by reverse -

20 transcription to obtain a cDNA. The target nucleic acid can be only a minor fraction of a

complex mixture such as a biological sample and can be obtained from various biological
material by procedures well known in the art.
The initial step of the amplification of a target nucleic acid sequence is rendering
- the target single stranded. If the target nucleic acid is a double stranded (ds) DNA, the
25 initial step is target denaturation. The denaturation step may be thermal denaturation or
any other method known in the art, such as alkali treatment. If the target is RNA, the initial

step may be the synthesis of a single stranded cDNA. Techniques for the synthesis of
¢DNA from RNA are known in the art.
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towards the 3' end of the pol ynucl eotide or oligonucl eotide, and nmay or nmay
not include the 3' nost nucl eotide(s) or noieties attached % Mmhﬁ0§ nDst
nucl eotide. of the sane polynucleotide or oligonucleotide.

nucl eot | ¥PLY20938 be preferably fromabout 25 1 to about Zﬁnvuamasuu
preferably from about 3 to about 18, even nore preferably fromabout 5 to
about 15(§Hﬁ ] The ternt '5'-DNA portion," "5 -DNA region,"” "5 -RNA
portion, "—a region," refer to the portion or region of a

pol ynucl eot i déI‘h’HaxﬂgiﬁmﬂIine%tlQSf ﬁfé‘iﬁ@&ﬁ'mnte r‘rﬁ é‘@ ﬂ}p%gige @ﬁn%njlﬁat

pol ynucl eoti de or &Ngonucl eotide, and may or he™5'
nost nucl'&&§Pmpesed pf AT@)‘I%DN@GMID&& hthe campdsite !ﬂemgm of theyeinteatis chéticaf fok he

sanme pol igonucl eoti de.. The 5 st ..nucl eoti de can be
pref er ablsgflﬂyﬁltt)1 do%?atcgéﬁﬁ\%qgﬁ?%ﬁg?‘tg‘is‘?{w@%? P&Sﬁéf@ﬂi@éﬂ t)loma about
20, 5or e qongosite; if dnd e from
about 5qtoo aboutﬁlmlig nugl ﬁggl&gséés)hép%g? gt&tp rﬁﬁwbﬁ‘é@?a@l&?@gﬁ%@ ir%cﬁ@ﬁé’x*
det ect i nfleavagg ofthe BN partion efithei ptmwremdtensdmtmﬁduwh:adfw g@émﬁ]@h of

"det ect aly ma obs ed d rectl or 5 indi rectly, and
the term'i ,réffféé? “P@%@‘gr 3‘&‘3&‘? ngHa Et"?f?’l" 'Eﬂ‘t?&hi’t@? compefite primer, as

" det ect aldeyeribed delor. oduct neans any |ncrease whet her observed directly or
i ndirectly. Cogponents and react ion conditions used in the nmethods of the
i nvention 10 sHe primges fer usediaithe misthods ehd compuasitibris\i)hd pregpat iriventiva

a fie rified or unpurified
om0 ! o bR RNA RIHET 4t Bieiibis Bt ik inding B RR, e,
r RNA, i tsequennaion the taRIe muttidhitd aehipmspha@;senmombmummmbr i ds,
or m xt u;ﬁ%nwﬁs@reof enes, chrclerr COmes, (gl asm ds, the genones of 15

bi ol ogi ¢ rt?ﬁls B‘F‘F%‘hﬁt‘%gm i¢ agid; and (b) bring cleaved wishet s, vi r uses,
Vi roi ds, rivohak h nts, thereof.
Qt ai ni ng and pﬁ%ﬁﬂgy%%%g%mgm %%@ ??ig@apggfem%”&&fﬁ ﬁﬂ? hrt.
Arrpl i fi cavrlgic tofformma mmaklmtgeduphxlnwhmhlanb' the IHNmbonRﬂwftﬁdﬁliﬂaeﬁss as

I n atton hybri d would require
denaturat H%ﬁ oéo nt(ﬁmﬁi 8’t"8 Egmﬁ lg’rwt!'é?ﬂa‘f’&%f&?ﬁ d &mained by
reverse mad:trﬁmsenabﬂmgamdaﬁng)bfaidihék&E}}ﬁsug'p&nglarget nucl eic acid can be
only a m nor action of a

€ composite primers also comprise a 3’ DNA portion that is capable of

hybndnzatlon to a sequence on the target nucleic acid (template) such that its hybndtzatnon
to the target sequence (template) is favored over that of the nucleic acid strand that is

20 displaced from the target nucleic acid by the DNA palymeraae. Such prhncrs_éatl Be |
rationally designed based on well known factors that influence nuclctc_ acid binding
affinity, such as sequence length and/or identity, as well as hybridization conditions. Ina
preferred embodiment, hybridization of the 3’ DNA portion of the compostte primer 'to-its
complementary sequence in the target nucleic acid is favored over the hybridization of the

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

,'.:

Generation of primers suitable for extension by polymerization is well known in the
art, such as described in PCT Pub. No. W099/42618 (and references cited therein). The
. composite primer comprises a combination of RNA and DNA (see definition above), with
the 3’-end nucleotide being a nucleotide suitable for nucleic acid extension. The 3’~end
30 nucleotide can be any nucleotide or analog that when present in a primer, is extendable by a

DNA polymerase. Generally, the 3’-end nucleotide has a 3’~OH. Suitable primers include
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conpl ex m xture such as a biological sanple and can be obtained from
various biological naterial by procedures well known in the art The
initial step of the anplification of a target nucleic acid seg

render i ngwg é¥obsy get single stranded. If the target nuclej ﬁypﬁ

doubl e stranded (ds) DNA, the 25 initial step is target d8 ‘?ézﬂodn The
denaturation step may be thernmal denaturation or any other nethod known in

the art, theshthatcajprse atlleaspbneportion bf eﬁ;ﬂﬁt itdal step
may be th &/nnt S|§mof .ngl ergt)ranggg\%%fl\ﬁ%a%i% d%éb otrq[&thAsé1

synt hesi seltﬂ E‘%&“f %(%}Wlagéh%ﬁmemrfom«v of ﬂlzwaﬁdusquﬁlétﬁﬁﬁad\fﬁ

01/ 20035 SR r The l.ification nethods of the

i nvent i onagﬁgl oy g%gfgrjtg?m@(gzgﬁpom ‘Féé%&r %ppqsﬁgquegs @ eoBwEse 't‘)? and
DNQ port|fmmnihéaébrﬁNAl;ioﬁx$]teﬁnmuaﬂhbh$mbbmh i &d Qé‘e;nigm%)’?,f f
subsegquent _di s e primer extension produc I nding of a new
(add ?I ong?'%l gj) Srpcfé‘at:*e%ﬂ?'ﬁrﬁﬂl'{) éne)t‘tremng)ENﬁpQﬂtﬂen%amqﬁdmggt; iy the
pol ymer as he R of th L rer .

bt onei ono aflodifieht, b conf ol el ropriscin RAVA n6ioh apf oA mpeion

not a subBIth@.‘alﬂydereranﬂle RNa#apdrtion tsyadlg]mngawl.pgmﬁdr{rgﬁ Ifshotdgscr i bed
bel ow. Co Esite Prlrrers for use in the nethods and conpositions of the

present i A& theeqmpaskte peimer cprmapgiges S reandidA-IN At pontiortshaith atsleaseqmbl e of

(a) bindi ﬁﬁ,r(,ém Rﬁbg?&gib RRQU ucl ei c

(ten&l ate) i ndependen K{;%I’I di za ﬁ&g@ ﬁ%&EBﬁ%“%ﬁéﬁf‘& algy§t

seq& nce &9 qﬂ@ntbadgmntnbg Ceinpositei Mmatufthda;)reébm ﬁg'cﬁduﬁﬁ&ﬁﬂpm H38DpNA

ri bonucl tpég“od' dta. tg&‘% a DNA. The conposite primers bind

to the targer: Thus &re P% grHugs Paftiandt-er yyBPiAeportian hetwern BNA t he RNA
portion oportnlms)prl mer is 15 cl eaved upon contact with a ribonucl ease such -
as RNase e the tar e strand remains intact, thus enabling

anneal i ng of Ad)Oﬁllera compositopgimst compisimga 3’-BNgOpatiopr i se
f‘af’g ?Nﬁuftaret‘*cmg’éf &ﬂ%‘fﬁa T oL L s 2 mreqmelert ot ar get.
sed d? nee Fhostd :Qgﬂm)urt] IZG dvat g:(ﬁ’ﬁ Smfglfalcntyg&;?:g @bout hﬁg %BGN',L&QISS aﬁ&ng?gt?}éﬁéﬂlgt hat 1s
ori mers. oX SifiRsoaS o @H&ﬁ‘gn%@ &almiemar pts nﬁmamntymteqmw hat
i nf | uenc Q:dfﬁtﬁ']sﬁigca FCDN A poiioR3nd 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 preferably from about 3 to about 25 nucleotides, more
preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to
about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably
from about 10 to about 15 nucleotides. In other embodiments of a composite primer
25 comprising a 5’-RNA portion and a 3’-DNA portion, the 5’-RNA portion can be at least
about any of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about any of 15, 17, 18, 20
nucleotides.
In embodiments of a composite primer comprising a 5’-RNA portion and a 3'-DNA
portion further comprising non-5’-RNA portion(s), a non-5’-RNA portion can be
30 preferably from about 1 to about 7 nucleotides, more preferably from about 2 to about 6

nucleotides, and most preferably from about 3 to about 5 nucleotides. In certain
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affinity, such as sequence length and/or identity, as well as hybridization
conditions. 1n .a preferred enbodi nent, hybridization of ”r]rf ZK DNA
portion of the conposite primer to its conplenmentary seque b AR 240he
target nO¥O®O1/20088i d i s favored over the hybridization of tpguiby/iseew! ogous
sequence in the 5 end of the displaced strand to the targét. nucleic acid.
Ceneration of  pri rrgéqu sui tabl e for extension by polynerization is well

known i n Sbedi cQompesitg PEigIer pemplising s -RINA pion\and 8/34PANA poried

f . _ A e . . ol f
R o R CBhpLS g HoRls - RO po RG>} b BE RIEA piiR ot PEaetiE R Aty o °
nucl eot i o€ 15243, Shivithfaauppeclimit of abdut aBXbE£5.56, 7010 Aliectidegnd 30 nucl eoti de

can be any nU(i| eotia_e or anal og that when present in a prinmer, is
ext endabl e by A€ ¢eposite puMgr ¢gmprising 3'52-BNA pertipeend ald’-PMNA a

por oo SEEn iy RhlcRhes - REA iR is iadtha Ues DA Retidn dhsinet ofitsy | east
one por t i53RNA pbitibn odh bepheferablyfrémni abHLS o dboRO2S MEkIddtdey, RloRd fn’é&rabl _

perforrralr}rce of tge variqQus priners used for ani)lification of coli J
gene) f orToshaboptado a Jiucleotidesyves naers preferab

wfiom aboutiiNa abes8i on and a
3' - DNA o | ' ' o h ' - 5
or 1 on), Ruelebics) Sreti4AY SoFalid's ROASP R nerBOt Gy i i bR Ay .

Accor di ngbgyt li0rto abowt lénfnttotides. ,Inichetaiti embodinishtPof A& mpRi@primas a 5 RNA
porti on and a .3 -q&%&rti on, prgferably wherein the RNA portion is

adj acent “PHPIHBE S~ Portionand a 3,-N A nestion, dnmhich-the 5 -RNAepartiam issi ¢ e
prifer cedjeéieste 3°-DRA portidfihd PN i { | JH3esVeni ng RNA
portion (é?j.ae. , an RNA porlfbi on "bet mﬁgﬁﬂ%&%hggéﬁ%ﬁgﬁfﬁ’ é’ef’ryio

anot her dRisyeleptidas, withanapperdimit of ghrautreny of 15,14, p8,29ennuélastidesi on conpri ses

a 3'-DNA porty ast .one di.ntervening RNA.portion (i.e.,_an RNA
portion bet MZI%QWB%‘} *“g% mngl.ﬁ,ngl @{B?W‘b‘f g%}ﬂP?ﬁ\&P&WF%‘ﬁPﬁlﬂﬂ%ﬁc&ﬁﬁosi te
primer cBMBNA pogichs Withieasporie ifRrveniid RINAPUNOR Edr W breRbRerahabsaEP! ¥
fromp abo about, .25, nore preferably from 15 about 3 to about 20, even

t ot . :
mor'e® pr e?%?l?;%’lt ? nuclsptidesomoreprefsrably fromaboutia to abaut 6pucleetides) apd mestm about - 5
to about pidelably! Bsthiab6S &5% Ldmefts f [de priner
conpri si gg_ a gls' DI}lAapor t3i J(()’nr}lbgn an %ﬁé por ts?@%m%bﬂo%%ﬁﬁﬁ%%ﬁ ?ODW 0§§ﬁ be at
| east abpumer gompusing 5°-And4’-IINApoitions wdthsat 1sist dneintemrmaig RINAigortidn, aRout
any of 1Q. 15 . ZQ{NKS’ 30 . .
intervening ] portion can be at least about any of 1, 2, 3, 5 nucleotides, with an upper
limit of about any of 5, 6, 7, 10 nucleotides. The length of an intervening RNA portionina
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 about any of 1, 2, 3, 5

25 nucleotides, with an upper limit of about any of 5, 6, 7, 10 nucleotides. In a composite

primer comprising a 3’-DNA portion and at least one intervening RNA portion, further

comprising a 5’-RNA portion, the 5’-RNA portion can be preferably from about 3 to about

25 nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably

from about 7 to about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and
30 most preferably from about 10 to about 15 nucleotides. In some embodiments of a

composite primer comprising a 3°-DNA portion and at least one intervening RNA portion,
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nucl eotides. 20 The length of the 5 -RNA portion in a conposite priner
conprising a 5 -RNA portion and a 3'-DNA portion can be pre,:{eragl@ from
about” 3 to about 25 nucleotides, nore preferably from about 5 A 8bout 20
nucl eotid%m%@jg nore preferably fromabout 7 to  about 18 nucl eotides,
preferably fromabout 8 to about 17 nucl eotides, and nost PrEVAOZSIY from
about 10 to about 15 nucleotides. In other enbodi nents of a conposite

primer 25fugibeiéonsiridéh 5*-1;%(% i qﬁfj{@ ior =
portion can be gfp I eag?% _abou aﬁé/’tgé]sa ,p%tm%g)g%ﬁfg%gw‘ggg?og\ﬂ% an
upper | i nd:t8, 49 nugleetidesnwith fan uBperdimit dBaboROanyof 1 817 H&20 duslestidiadi ment s of
a conposi-te priquef...C I Si, 5' - RNA portion and a 3'-DNA portion
further corrpri?lggﬁlﬁn%@@?’e-%@W%%;@'ﬁ%ﬁ-@mﬂmﬂﬁmgéﬁ DA be 30
pr ef er abl porfio® sAPRPRN Al périod ' ' ehLaR about
2to aboupb 6 nucleoti dgéé, oaw%gﬂe%@éﬁﬁggﬁo¥ﬁg’nﬁg@g3p @QP’C}* g%{é)ag)y 5
nucl ot i déam abputcciotabiont P egen matsPreferdbly\Goildbum 350 Bt VSN 2dsd 4

enbodi e ONROSI ri C rjsipg a 5 -RNA portion and .a 3'-DNA
portion rﬁéﬁf;e bé’?ﬁﬁ%{%ﬂugﬁ‘b%ﬁ "‘-I%Iﬁl o F'} pe smbadimeatsof apamppsitet i on can
be at le etwottiprisiig a YLDN i ad"R'NFA - L i ey Of

5, 6, 7,61%mnuclmgot?1§eas. InAelf?T%rggrilarrlg’nts 0 gé}ggﬁbp@éljteﬂ%%%#&g%#pbﬁﬁgl ng a
5' - RNA pdfastabouiaay af &; 3,504, 1Gnysirotides; withrannippeh linticofaboNyREN0j 12) 155

adj acent "{g clddd ortion, the length of the 5" -RNA portion can be
preferably’??’gzraznlg}g})ut §£to about 25 nucl eotides, nore preferably from

abol® 5 to fabo'-melasgmmm’nmﬁamaﬂmmwsﬁéﬁﬁmrzo&gﬁﬁh REURNA L 0 about
18 nucl eotr4ides, ag{),ebg ably from about 8 to about 17 nucleotides, and nost
pr ef er abIRPTHORGAA 43 sDNA poitign sambe preferahly from aloust 1 to abousr 2Gnuclentides)i nent s
of a conpAsielyeflral Y 16 Lon. an 3'e- DNA tion,
Ch ot o et psfeiab[Pfro AHOATPLo sbolil Shutlaflgey, RUE btk AesBy o heREE | oua
porti on dasbe Lsmucleatidess budimostrprefofabBy frém abouB7 to ABduR U haleotiies., ok an

upper limg f out any of 15, 17, 18, 20 or nucleotides. The length of an

i nterven rgr?ﬁgboamag%?{? S?f}l'P?F“ﬁ PUGMEH GempEs Pégmwﬁ"i‘% and @’:Dgﬁmorgon, DNA

por 1§ ons thé BhDNA pertich cafBe h bt m&aﬂya\%z@?f §] n&?&tiggs %ﬁ{aﬁrztﬂ:?w from
y Tr u

about 1 15 tg about 7 nucleotides, nore préféra om abo 0 about 6
nucl eot i dHait ohgheukaay oflGlas EHI1P, 20, 3 nableatids. t o about 5 nucl-eotides. In

sone enbodi ne %%ﬂﬁ%dﬂnmpfé&ﬁ}posite primer comprising a 5’-RNA portion and a:3’-DNA
portion, further cbmprising non-3’-DNA portion(s), a non-3’-DNA portion can-be
preferably from about 1 to about 10 nucleotides, more preferably from about 2 to about 8
20 - nucleotides, and most preferably from about 3 to about 6 nucleotides. In some
embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion,
further comprising non-3’-DNA portion(s), a non-3’-DNA portion can be at least about any
of 1,2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
In embodiments of a composite primer comprising a 5°-RNA portion and a 3°-DNA
25 portion in which the 5’-RNA portion is adjacent to the 3’-DNA portion, the length of the
3’-DNA portion can be preferably from about 1 to about 20 nucleotides, more preferably
from about 3 to about 18 nucleotides, even more preferably from about 5 to about 15
* nucleotides, and most preferably from about 7 to about 12 nucleotides. In certain
embodiments of the primer comprising a 5’-RNA portion and a 3'-DNA portion in which
30 the 5’-RNA portion is adjacent to the 3’-DNA portion, the 3’-DNA portion can be at least
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primer conprising 5 - and 3'-DNA portions with at |east one interveni ng RNA
portion, an intervening RNA portion can be at |east. aboutj 1a% %5 1, 2, 3,
5 nucl eotides, with an upper I|imt of about any of 5, 6, 7,

nucl eot i MW©.01/2035| engt h of an intervening RNA portion i n WSROI t e
primer conprising a 3'-DNA portion and at | east one intervening RNA portion

can be preferabl r out. 1 ro apout 7 nucleotides, nore preferably
from abouﬂ%oﬁ{w 3f1,§b§[?v?§nﬁﬂeq’ i KB an ypper imit ohakout anef/1 G, 13 SHB8ut " 3 to
about 5 mycheqhidesdes. | N some enbodi nents of a conposite priner conprising
a 3'-DNA portion and at |east one intervening RNA portion, an intervening
RNA portion céebhdlength of emsh-33HNA partjoroin alconthosilte pmebeomisrishet §'daad 3%i t h an
upper i ﬁ of about,any of 5, 6, 7, 10 nucleotides. In a conposite primer
conpri si % A portongwith at least ong imterveniag RINA partiontcan be prefksalbindrass abqus A to

furtder } Si '-5@?, ' ) | ef erably
fron;fl abou@gpgooﬁ%dg%bl}tﬁeé’ég n cei?%(%%l?'ggosrfltagn@#te% tp()) %‘%‘E‘f@&gﬂgﬁgﬁgw 5to
about 20 preferably frdmsaboat2to aboues pucléatided) ¥n sdmeembidimients of @ prigedt 18

nucl eoti des Hrgr ef rab(l %/,Olf){qgm ahout 8 to about 17 nucleotides, and 30 nost
pr ef er abl SPHRFSHRE o R PASHORS With At lepst one intervening ROV Pertiondr Relds of a

conposi t RAI SN il 'a-w por ki . Qi . I ng
RNA portion, l5287?ﬁ%&1 AL?GQZI%%%&% 1 21083g’ %M&%#’%W?@?h@&%& si ng
a 5' - RNA asyrof i6p8, 10, A2 ntlegtidasporti on can be at | east about any of 3, 5, 7,
8, nucl eoti.des, with_an, r Limt of about gny of 15, 17, 18, 20

nuct eot i des. 'Iﬂée%@%?ﬁﬂﬁf% W?WWM“?HW%WW&SB@P r

conpri si MNA portiblY Wit 8 164s0 BnPREbrashin RN pb1

about | to ab}gbut 20, nore pr%f er abl 5 f%&éu@@ﬁ%%g&é@%ﬁt{ﬁ%%%@@%ﬂ nor e
pr ef er ablapowt Zhayglenatides; mase prséerably Srom aboutdsto abowtfi8rmicleptifiesp avenmate 7 t o

about 12 . 0, ' of, . a conpasi,t r conpri si ng
5" DN B e ol ARSI SRS, R0 st SRR ool 2,5 SRl

- about anyl2afucleotides. In sdme bhbodichens dfbesompdsits prmer BGiapriding 5 t- aall 32PNK  any
of , 12, 15, .18 .20, 22 nucl eotides. 10 The length of the 3'-DNA portion
in & comfssiqHs "&%}f ftdpast gng,intesysning.RNA pogiion,he 3 ,-QhPAaangn@an brat leastt i on can
be pref ergyBlivany" e twi | I rablky from
about 3ty ST, St 18 phedRy el Upb it GEshou RO I AE P,
about 1=220ad2nuclestiles, and nost preferably fromabout 7 to about 12

nucl eot i des . L} g cPIBRHTBN 2 polich C2IRY biva Bedias buee TBh' i J9pRA° A

portion) in a composite primer comprising a 3’-DNA portion and at least one intervening

20 RNA portion can be preferably from about 1 to about 10 nucleotides, more preferably from
about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In
some embodiments of a composite primer comprising a 3°-DNA portion and at least one
intervening RNA portion, a non-3’-DNA portion can be at least about any of 1,3,5,7,10
nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides. The length of the

25 3°-DNA portion in a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion can be preferably from about 1 to about 20 nucleotides, more
preferably from about 3 to about 18 nucleotides, even more preferably from about 5 to
about 15 nucleotides, and most preferably from about 7 to about 12 nucleotides. In some
.embodiments of a composite primer comprising a 3’-DNA portion and at least one

30 intervening RNA portion, the 3’-DNA portion can be at least about anyof1,3,5,7,10

nucleotides, with an upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides. It is
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15 the 3' DNA portion can be at |east about any of 1, 3, 5, 7, 10

nucl eotides, with an upper |limt of about any of 10, 12, 15, 18, 20, 22
nucl eotides. In enbodinents of a conposite priner conprisi NP1 AUG260RNA
portion agdhd /am035ONA portion, further conprising non-3"-DNA portion(s), a
non- 3' - DNA portlon can be preferably fromabout 1 to aboufC SW(81% 0t i des,
nore preferably fromabout 2 to about 8 20 nucleotides, and nost preferably
from abouﬁn&m@ahgme& I o) osite
primer conprising ab' R ﬁ%ﬁgﬁé&r@{;ﬁ%%%?% tlgsfshgrstﬁigl%%ggtﬁprl si ng
non- 3' - Dm%mﬁlfm@}lCoadlﬂom@fﬁlﬁ)ﬁmhnﬂstofdnsﬁamm at |east about any of

1, 2, 3, 5 t qf about f 6, 8, 10, 12
nucl eot i desnufir?es&% ed?wg'nﬁ'fatﬂﬁgp@mglf’{g@“rﬂgpﬁgfn%gﬁﬁr{@gf@d&d@ theiia
e 5" pamdsianidleoibof #8 prgict. Afsdnfl AbGmfis, d STRAALBONoR D aboBb """

the 3'-DNA_portion, the ength of portion
fron? abomnmext igclyden the SO mostciusizotide of tlmprﬂnem & ethebénibodifemsathe 3t-DNA O
gven nor.e cfeferg, &tfrom about 5 to about 15

bout 18
ﬁuglljteoti s, %g%rgpos&g@pg}cébﬁ} nuclegtidgpfithe primgrcinaathérdes. | n
certain aﬁhmﬁnaﬁettﬁcgf mﬁﬁgidmgaajamm %-R0PA piRYOARA iR £ 3 - DNA

portion in which 30 the 5 orti'ron 1s a Jacent portion,
the 3' DMOfics\uﬁlieg%dfz:afrithg priger (aewdshe S'SRBIAl pitich alides te D D ABHeotide of

PCT/ USOO/@E% bout any of 1, 3, 5, 7, 10 nucleotides, with. an upper
limt of ny of 10, 12, 15, 18, 20, 22 nucl eotides. The | ength of a

nonl®' - DNA por Theaotal mngmmﬁae&np@snerpﬁmrcseﬁv betdrasl Efrom apshit30to %Mt
portions with, at. .| east one .intervening i on cg prefera from

about 1 t3 nusleotides. mose preferablyi mab%rlé tpp téaabwleomdm alrdmbstaamferablyout 8
e oy hegm aB6l 2005 b Bt it iolald AN Ubdanferk B 1aRerB b BREIGRT L0

sone enbodi nents of a prine conprisin h at

| east oneébontayafionds, mﬁi)nuctlcmdes,awdom @pper B¢ mrbbupmmsbso a0, bgast

b 2, 1434 .5 h | f ab f
20 Sonlofs? s il LR Tinglh b Sl ot vt

conp®si teembmbndiﬁﬁﬁsfd)ﬁth@ﬁxeﬁwdsépdn@l v portions with at. |east one
i ntervening RNA portion can be pref er(?bf rom about 1 to about 20

nucl eot i des, msrachigvetwbadizgtion ovhictbesis Sell bncaiaoand irilerstodbintthelas, even

F?(r)ﬁq aB(r)ut lOYl (%ﬁé}%&&g YherPad, for al))(grlﬁtplel ?on?cus eng | a% temggrg.turrrcp)s E:org{xg:tgr ably
pnmers for use in the methods and compositions of the present invention are preferably of
atleast about 60%, more preferably at least about 75%, even more preferably at least about

20 90%, and most preferably at least about 95% complementarity to the target nucleic acid.

The individual DNA and RNA portions of the composite primers are preferably of at least
‘about 60%, more preferably at least about 75%, even more preferably at least about 90%,
and most preferably at least about 95% complementarity to the target nucleic acid.

As described herein, one or more composite primers may be used in an
25 amplification reaction.

A polynucleotide comprising a termination polynucleotide sequence

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

30 sequence is included, examples of which are provided below.
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12 nucl eotides. In sonme enbodi nents of a conposite prinmer conprising 5'-
and 3'-DNA 15 portions with at | east one intervening RNA portion, the

3'-DNA portion can be at. |east about any of 1, 3, 5, 7, db0AHu#0koti des,
with an YP@8F2BHit of about any of 10, 12, 15, 18, 20, IZTUsed/E0d des.
The I ength of a non-3'-DNA portion (i.e., any DNA portion other than the

3' - DNA @%}{{“@?Mﬁﬁr’h@é@gp@ﬁ}fe primer conprising a 3'-DNA portion-and at

| east on %ortion can be preferably fromabout | to

about 10 nucl @ﬁé&ﬁéoli@ﬁ&ld&i@&?&@&ﬂ% ﬁ%@éﬁm%“e@{f?%gg%ﬁﬁlﬁs Bk eot i des,

and nost preferably from about to a nuc . Sone
enbodi meAR¥NHEN i aisrmsetior syitthreligamcizotide (E8G). In-onblembodinient) teyTSGt | east

one int Ni N ortion, a non-3'-DNA portion can be at | east about

any of 1%?‘03'? gﬁﬂgp\ atiop Septenge sin agother smbediment, (thed $Ofhnctionsias any of 6,

8, X0, 12erﬂﬁﬁdtﬁﬁtsb@¥§b$xcczﬁ&p}o@i‘&k|ar{ﬁb rg%t&‘?»ccgiehw portion in a conposite
a 3'-DNA a% at |

primer conprising A" portio east one intervening RNA
portion can b&resiedsty desicyibéd amplificationiméthodstiased Gdtemptite switeles, nor e

preferably fro out 3 to.about. 18 nucl eptides, even nore preferably from
Pbout 5 ehsR o8 Werd rdsfichaine Conperitionad dns ofipgclaosie Qiiouninbiion about
12 nucl eof hiridizdtionoT e secOfi® pHMEE ﬂﬁ}’ﬂ?‘%%g' | hiflePd @

3' - DNA port?lgﬁdiandnat Ief';gt oge 36%?%éejgrcsg?lr g E‘g‘é?{e BBE@C%%&Q?%
portion dhenghke method isdesignedito utilizexd singlePrinter secies) Theundthodsiofds, with an
uppey i Bl Jan t . of .10, 1 1 8, 20 2 .nucleotidesg. It is 29 3
1 286 20&%?)55#%%}%%8@?2i‘lﬁ%‘ﬁmé@r@?"d@ﬂ&){ H%ﬁ"“k’ﬁg’qeg‘ﬁéi V% or the
various {8Qs| thesemplatelsvighadigdhudléotid®an bd useiP R éddcentratfod§6r t he reaction
condi tions t he nethods of this invention. In sone enbodi nents, the

5' - DNA p8MPlgfaton ascerdingqte; the methods of theqiresgatinvention. Thivfeatureesiseiss i de of
the pri meffici 2B : t| f shte.

prinmer i hcllclljéddg_?t&?l% 5 nostﬁg%g?ne‘%{k?’gge %&?ﬁ%ﬁ’%g#x@c},%ﬁ%ﬁ@ﬁ%& %‘?‘rﬁf? ment s,
the 3'- Defithedrimalecuddr compler dlis subspate far primel extbesionlaad mplaktswitdk aat i de of

th i . he nhodi ts, the.3' -DNA porti i s, adj nt to th
LR pEgiob Bl of iR R SSme B DB an oL Svalibet ven o ¢ e
5' - RNA pextension pRdbettsth Renphate SRitth DS RLLb A% e,ffogglfa%upgﬁae@f the FNANE

total length of the conposite priner can be prefer rom about to
about 4olymerassi aseiescribeg: e preferably from about 15 to about 30

nucl eotides, aWgRRpds&d § .ria;%ﬁ/ion that can hybridize to the target and a 5’ portion
. which is designed for strand switch during polymerization (see Figure 2A-C). Design of a
20 TSO that would effect strand switch is known in the art, such as was previously described
in Patel et al., Proc. Nat’l Acad. Sci. USA 1996, 93:2969-2974. |
- The 3’ portion hybridizes to the template at a location 5° to the position or region in
the template polynucleotide that is complementary to the 3’ end of the primer extension
product prior to switching template from the template polynucleotide to the unhybridized
25 portion of the TSO (“termination site™). ’

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

30 extended into the portion of the target nucleic acid that is hybridized to the TSO (through
displacement of the hybridized portion of the TSO), the 3’ end of the primer extension
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from about. 20 to about 25 nucl eotides. In sonme enbodi nents, the | ength can
be at | east about any of 10, 15, 20, 25 nucleotides, wth an upper limt
of about any of 25, 30, 40, 50 nucleotides. It is understopdpydhagst he

| ength ca ter or less, as appropriate under the 15 reaction

condi t i ong"(gﬁllﬁqgsarret hods of this invention. To achi eve hyBfVHFWAE104n
(which, as is well known and understood in the art, depends on other
factors spediusswoill@co@pASEPA Short Sduienc thA R Pind G i e onposi t e
primers for use jin th@prret hods gﬂd' corrposralg':'P’gﬁggb%%@egie&e{gagrﬁhoﬁnvent i on
are pref esgaepcesn thessegmentef the iSQ ingoediateiyradjacestite tadjupctivn betdesn thbout  75%

. | t t bout 20 .,90Q¢° d nost f | t | t
about " oso ERRiFAT ot bRAEzeq Ao bt k. offs acrensts ety ptiual DA
and RNA pwxﬁpl@te%wﬁéhihé‘bquﬂﬁ%ﬁi e pfdbasﬂi%y asﬂhg@ﬁw @&Fxsi %Pﬁhuét%%;ds about

ou e preferabty a east

60% nore preferably at |least a /5% “even r
abou® 9095Witelhte th@IéOgaiépertiml as agemplates tThetlength 858echom compleinzhiaty t o the
target nu i cid. described,_herein, one of, nore conposite priners my
be used i %é_qg‘ﬁﬁ"eggs %fﬁ{ﬂ’A‘be_f'Y Foft ahovt 340y 20 Augm%we@mrﬁr@mm abewg 5a
ter m nat | Gratfat 5iigdiastides! and e BRFerkbly SRAF D9 %) B 10 YciklaeT®ifags, of

| f n-based anplification is

the present invention, especially ranscriptio
used, a p&mbediments; lensthdeatlenssiahoutany of ki Has 7,000 meleotides, svithean upperiihisded,

exanpl es i j | ow. 30 WO, 01/20035 3 1 AUG 2005

PCTI USOQY g‘;ﬁ%t @n‘%’ 520 ?‘g rdﬁ‘“gﬁf’%‘géﬁu itl 13, pde 09(9 8’@?@&&6 TeAer fe
t hatlOcan less,\as appropridth @nderithe féactidr oadiths 6fithe thethdi of itlmfﬁﬂfehﬁ’ﬂx.i s a
termnation swtch oligopucleotide (TSO . In one enbodi nent, the TSO

functions as a'l M $BPdReRsthe fcportipp ofithe{TISE} camprists asaquenchhe®B@fter

functi onss ' | ’ [OV] ropr ter sequence. ..
Provi oush s pmeds SR D hat AR BEHORBAHL A4S SRR bRl

0: i gonuc : '%Rwepﬁﬁmemﬁsﬁib (ghﬂﬁdumm ?ﬁtﬁe GlSO;Wbiilatﬂlﬂcﬂw?fbthm termicxilation

ol i gonuc to iphibition o ridizagign of the second priner,
or tg he seg‘%ﬁ{é‘%ﬁfﬂa?%P&oéﬂ‘igcﬁp@f”é’b“é?m?lﬁ@}/g’éﬂ’és"ﬁp 'F‘enﬁnﬂ?rP‘PPF@mﬁ’&fhgd i s
desit§ned scquetidelof Ue BSOisogtads teiflaté R Gh@epordtisn S gﬁgﬁoﬁ&es Jgggéng% scribed

invention are free of this limtation. In contrast t reviou
net hods ué&engrally complementary to the propromoter sequence of the template TSO) into the

primer extension product. Subsequent hybridization of a TSO comprising a propromoter

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

hybridize) to the target nucleic acid. More optimal transcription occurs when
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TSCs, the tenplate switch oligonucl eotide can be used at hi gh concentration
for anplification according to the nethods of the present ﬂ{gefdg g on. Thi s
feature ensures efficient hybridization of the oligonucl eot o the
target stW@AH2003hd naxi ni zes the yield of the tri nol eculPenr/usoorpdiex, the
substrate for primer extension and tenplate switch. An 15 additi onal

b ff hyb f di spl d
o mer trtscrlpoRat SRV S polSTacfese o pinaeRoishANGE It SPPRGSPAYINGA IORRIA o
forma suybgiendt & éredtextth&x RO a ROMOIR (R Gs n@tssoqﬁxgﬁg 'lg}ﬁ%%r néSRqafH mgﬁ%gées a

3 portlon that can hybridize to the. target an tion
desi gned Pb‘PPté‘Bﬂéﬁ’&S%m“PB arecgencraly obywman |tlmart ampr(measl?dg&mbe&tbr@)anoﬁlea gn

. of d h h
o oINPT R RS, AU T1S 5 BB B SRslin, 20"
1996, 93: 29. 6qnméfen$@emsodxﬂemt, h@@gxﬁaxhrdf%é?sg&.ﬂoxf Qﬁh&qm% fudhete

| ocation 5' to the position or region in ate poly
i s conpl &RErR R pertien &h@lxbﬂd@n%ltqiﬁrget)ehmhyrhaldmxt@ths rtmmlatprlMdAas agpached to

or 1 on a9 UfrmBlafs DN o ARl GecRetiiorthe TPyt peiy et YR FRRE s ch
s Promoptikcbexchsiontssenifiat mmas& TR SARBIA YS A1 meBOUEREES | N

the TSO seﬁment ) | nmredj at el and 3" tot junct1on et ween
hybri di z@8higHHE such %Pmtmumﬁcqum%knom i %amudh@smsmgtamyﬂusn@ to be

oxt i oraBgt oBREinS R SRR brbeyly rairSalion GGt i FlapetictRlci of ¢ -
aci d t hatPres Naylelcald Seil USA 1999, vm)ssmsmmd 1d¢mlxﬁe@mclsqae§cmw>e% Io gi Z\e/\%

portion of the TS t he dﬂi‘: t he grl mer _extension 31

01/ 20035 PEHMIE ?l?ﬂfgpﬁ% %ﬁ‘ﬁ d988nPl P22 1D-2snd W@hh@ﬁé@ttahat can
bind to Prée. m&pheﬁa%@cam&t@dd 1

i mmedi at el y adj acent to the | ungz?@%@g_’gf\/\% d{eﬁgm&%ﬂ{)ﬁ%l ze Sm&
non hy br Wlieseappsepriate sequenices vdthraiigh BT sonﬂantrandﬁnfs:rdsbéntﬁfgt Q‘ﬂ“ﬁﬂhesfe

| at e asi n e rob [ that, the priper extension
pro uct mu:&ciigqéﬂgov%%%% e @ %“13? ?filxlﬁ‘ée&“l“éﬁ?ﬁ? ONThe | ength
of the sisplacearent ofbeTSOyis Settum ﬁﬂ%oi‘ %m&&hﬂﬁﬁmlwédﬁ?mc%@ﬂﬂ risg © about 20
nucl eoti des,, nore gref erably from about to about 15 nucleotides, and

nost pr ePE’FtSIPﬂS)ﬁe‘PP 5 f50r8 the Greebnugleig PCIQGtrﬁné toethe iudbyhridizedsmntion efhedi ment s,
l'en gt hi TS inl ot A3t ﬁBﬂPﬁS%,’B{'eﬂ;abiy ateleas§ abdut 5?)%, rr]xlujocrla %Pe exggﬁ/ at \f\éasp about UPPer.

m 75%, and most preferably at least about 90%, of the events of primer extension.

20 Substantially or sufficiently inhibited TSO dis;placemcnt can also be empirically indicated
if the amplification methods lead to a satisfactory result in tenﬁs of amount of the desired
product. Generally, under a given set of conditions, the “modified” TSO binds more tightly
to template as compared to a TSO not so modified. | o

The length of the TSO portion that hybridizes to the target nucleic acid strand is

25 preferably from about 15 to 50 nucleotides, more preferably from about 20 to 45
nucleotides, and most preferably from about 25 to 40 nucleotides. In other embodiments,
the length is at least about any of the following: 10, 15, 20, 25, 30; and less than about any
of the following: 35, 40, 45, 50, 55. It is understood that the length can be greater or less,
as appropriate under the reaction conditions of the methods of this invention. The .

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

preferably at least about 25%, more preferably at least about 50%, even more preferably at
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of about any of 10, 15, 20, 25 nucleotides. It is understood that the

| ength can be greater or 10 | ess, as appropriate under the reaction
conditions of the methods of this invention. In some enbodi gBs,jfshe 5
portion ofyddiRegk®O conpri ses a sequence (hereinafter "propronoter
sequence"), that is designed for formation of a double str 025Whot er of
an ' RNA pol ynerase. This enbodi nent of the TSO woul d function both as a

t er mi nat i keast abeut 75%%, and abst !ﬂeﬂdrﬁbd&(iﬂeﬁsﬂ%ﬂp@@%,rtgqo@%t@ﬂ&d Uiﬁhiﬁé}eg% ce

enmbodi nent he gro onoter 15 sequence of the serves as a ate for
[ ncorpora?'?gﬁ‘@g %P“E Got er sequence (generally conplenentary to the
propronoter sequence of the tenplate TSO into the priner extension
product. Subsequent hybridi zation of a TSO conprising a propronoter
sequence Bleakerisequepbe i di zabl e to the propronoter sequence of the priner
extension product results in formation of a double stranded pronoter

capabl e of ef fiSOMeFRtod Nty She PAMGY exterdom termirtation fyaemel iy provided by a

Pronot er gggus nscription o tenplate DNA, are known in
the art, l?s ar e é?%%?she?#%f%ﬂﬁeﬁﬁd?o ""‘r‘?&?ﬁﬂ%“ﬁ asynteticabl y, the

pr oot er Palppusieotide, shatds single ditdaaraaid ingRiakd SBqubAURA 4 RYSRABIACT T Vi ty
of the partﬁec har pol yner ase used. iteria for such se ection, i.e.,
a particd® "’I& DFURRFMEIae tR & segment jof targetinucleipasidseqhence 5Haf theqakiion RNA
pol yner asig théafsed - 0 5 _exappl e,.. the sequences of the
Er obrEth er s(f‘;’gl mtﬂ trgf%?if%%r%k E%ﬁﬁgn%hﬁg%@ﬁééﬁ?iﬁﬁgzpsmeﬁ’é? Miaw Udpg are
no in C -pThnblockervempeisecnwdléntides fHabbind to (e AaE i

eukar yot i\Si %y In _@n enm)gli nt, the pron%tear seqouencéé'gi,_s azjefca?el%t to
a sequenced? amty’ Qfggfag’t%ﬁ %EBUY&@ that therhlockerisequencesesistapt | mal |
transcri mdisplaceti¢ént BEDRY pdl . e e ' ts, the
sequence 'spjrlg)t rrlefbgt ed (i ?Jg?éf@ié?@g(gggﬁgﬁ?gﬂg}ﬁgﬁ?ﬁ%,?ﬁ%ge&?bgy%gretO t he
t ar get nlf%?‘b? ub29°4, mpgsr prefgmbilyrmiore thansibout %G rever moresprefeeabld ke thahUG 2005

WO 01/ 20 nscripti gna tiyvity of the polynmerase from
a pronot grr%é%l at’é’@%%?é% | %’é‘?‘?} cfrﬁlgg%’ %“L%‘?’ » 0 fEiensign evers.c The han

froth a prcngth end ¢campositonrufithes blobkdtpatynuletiaesHeRMEt: Suth Widt eR&%RLSe rdidbm
opti mal transcr.ﬁ;)k%ﬁg .are generally known in the art as previ ousfy

descri be PSP dizatiQn 13ayRidedwndertie qondifions of the methasls ofshe preténs. Pat .
Nos. 5, 7Gfivéhfidn.aTHe RonSRrbrifich (BB ket TEHRN 30L {o°
. 3" portion of the TSO (i ncl ucﬁoﬁ%&r@ﬁgyﬁgﬁt%ﬁééeﬁ%rg &%ﬁn@ﬁg@ti B3%s to
target) thaleotidess morepeferably from abopt 5teabdh 25 suslebtid&ven more preferably
from about 8 to about 20 nucleotides, and most preferably from about 10 to about 15
20 nucleotides. In other embodimcnts, 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 less as appropriate under the reaction

 conditions of the methods of this invention. The complementarity of the blocker
polynucleotide is preferably at least about 25%, more preferably at least about 50%, even
25 more preferably at least about 75%, and most preferably at least about 90%, to its intended
binding sequence on the target nucleic acid. |
In one embodiment, the blocker sequence comprises a segment that hybridizes to
the target DNA is attached to the target DNA such that displacement of the blocker
sequence by the polymerase that effects primer extension is substantially, or at least

30 sufficiently, inhibited. Suitable means for achieving such attachment and determining
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to the tenplate DNA such that displacenment of the TSO by the pol ynerase
that effects priner extension is substantially, or at |ea WL?F gi ently,
i nhibited. Suitable nethods for achieving such attachment |]n g

t echni que¥O8¥RS in the art, such as using a cytosine 10 pamaisog2ibat
contains a Gclanp heterocycle nodification (described in Flanagan et al.,

Proc. USA 3513-8) ; nd | ocked nucleic acids
(descri begdl bstﬁl‘ft?a(f, or%ﬁﬁ'%ﬂi’a‘f‘&%f tigg o 9f%§glﬁfﬁf"§m NEeas @‘f@hﬁ’q_ ve for B3 used in
8(16): ZZJtﬂeaféthoagdfﬂ\%mr@@h@ﬂ%monal Proc. Natl. Acad. Sci. USA 2000,
97(10): 5633- 8) O her suitable net hods I ncl ude using, where appropriate,

sequences wi t Hn®nR Fg}bodﬂn%ﬁhehtmhmmwnmhoade tamnbt fugcticingffiofentlyese 15

nmet hods f ced attachnent be used al one or |

corbi nat (AAME AL BT IRRERSn T4 GRS G ipeler setence i Frduedhor y

i nhi i tednhibltéd)e Tﬁ@hﬂgﬁéﬁ'@?bloﬁmk‘?ﬁteﬁnﬁxéﬂ mh%idg Jﬂﬂé‘bﬁop& ‘sp%[ %Ele eic acid
strand to the unhybri t

ortion of the I n at 5%
pr ef er abliyclyde anyfbat prevent Q@nnﬁn@l@tmﬁeetmﬁlbﬁ’emdbféthepnmobyaDN'ﬁ% and

t f bout 90% of th f t 20
Subst ant 1Egerke” SR R haRR e iphm i horito arl i dos SRR RS 0BOT
| b
enpi ri calmydificalionaifese 3 'Hydiél@l%fﬂﬂp bi ﬁé&rb@&n 599%&?%‘*‘5{%’?‘?‘5 %B%ﬂsaa“ ory

result in %qom; of am)unt of t desired’ product
gi ven setdidgoxypyelpatidg s the 3'=moptpisitionwf thedgdotkien golynocleotidei thértis yot.capable

por ) on (RarSRIRERAioR of aloRo R P A iliberat's <t vand. 15 25

preferably from about 15 to 50 nucl eotides, nore.preferably from about 20.

to 45 n and m)st pr ef er abI Y, from about 25 to 40 nucl eotldes I n
ot her. e e Btapreruotsr and-a rapiontiwhich hybridizesitha displacedi ng: 10,
15, 20, eaemgﬁgn ﬁﬁﬁ,clt han about any of the follow ng: 35 40 45, 50,

55. It is un ers 00 the I ength can be greater or less, as
appropriate uf@® mdﬂmanis emplayonpblymeieotidé cotaprising b@d@r@ﬁotchaﬁdanvent I on.

el o AR WBREHyBrtoty 4 i Bl peeiaxioneion fuedbioln sobmasrpraimb y ot

l.east abahg pdiﬁ%cldﬂﬁdé IYDTSORMIGER ESthitis a réﬁoﬁ&gep%cfcég @d&aé&@ou X go% ‘o

PCT/ us00/ 25104 | about 75% and nost prefer ast a
i'ts int ehBeepFH °§§q@é@é@r0@ﬁterﬁ@qma¢gsmmmaaa‘m% 8essoked sequence
below.
20 Propromoter lempldté dlfgonz)cleotide

In some cmbodlments the methods employ a promoter sequencc for transcnptlon
which is provxded by a propromoter template oligonucleotide (PTO).
A PTO for use in the methods and compositions of the present invention is a smgle-
stranded polynucleotide, generally DNA, comprising a propromoter sequence that is
25 de51gncd for formation of a ds promoter of an RNA polymerase and a portion capable of
hybridizing to the 3’ end of the primer extension product. Ina preferred cmbodlment the
propromoter sequence is located in the 5’ portion of the oligonucleotide and the hybridizing
sequence is located in the 3’ portion of the oligonucleotide. In one cmbodi;nent, and most
typically, the promoter and hybridizing sequences are different sequences. In another
30 embodiment, the promoter and hybridizing sequences overlap in sequence identity. In yet
another embodiment, the promoter and hybridizing sequences are the same sequence, and

thus are in the same location on the PTO. In the embodiments wherein hybridization of the
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5 In some enbodi nents, the priner extension term nation sequence is
provi ded by a bl ocker sequence. The bl ocker sequence is a pol ynucl eoti de,
usual ly a synthetic polynucleotide, that is single stranded!ab6 2606npri ses

a sequencegdipbosss hybridi zable, preferably conplenentary %1&?803/' ment of
target nucleic acid sequence 5 of the position in the ta& &gﬁ nce
that is conplenentary to the 3' end of the prinmer extension product 10

("t er m naPTOrto thetprither cktensiohqrédiict EHIRS inEduplekdopitirisitSart §ihddothe 52 chdie
t ar get nug%tglé &c d with an affinity, prefergbly a high aftrinrty, suc
that the BYHeKIP hatdnss et hybsidizedo th displacesmrimerioytebbion podduct tysealiyn t he

or of or abl S FEle BLOAHH tihe bboROGORE RRtndsy A pofn iaTeil i he GYfstane; sos
and nost torczéate mdbwblermdbﬂ@Po:ﬂ@t@tléa;ﬁgfé?of‘éﬁfeaidg%é‘rﬁtﬁﬂ%ﬁd‘%ﬁﬁﬁﬁt AThe 15

Iengéh andlco osition of the bl ocker polynucl eotide 'shoul"d be such that
excessi vePMEH * non-specific hybridization is avoi ded under the

condi tions of p tg@% t. .invention. | ength af the

bl ocker pol ynucljlaglgti‘%cfe | scigogrtg%@éﬁ@i?ej%ﬂv%%fﬁn‘e?ppaﬁe %&FQ@*WH&EM des,
mor e pr ef anddialvy béenndisaissudtabbve.OP eefierdbly 2 the Prothéier dedBsnce Y §dledt®d & phbREST abl Y
from about 8 g‘lagbo.ut, 2Q nycl eoti des, and nost preferably fromabout 10 to

about 15 riptaRal actvigy plthe pagisulanRNAs polymerds usdderCrtotiy farshelot i de

Lot LR o o S A RO

| end@ h capplymergses & also knowressthe artaFor exdnsié,@he 1§ed8éndel Bf fiRJSTbmBRrs opNdi t i ONS

of the of ;this inventiqn. conpl ementarity of the bl ocker

pol ynuc Ing%{}lgg%’qog bﬁ'?ﬁ B?‘Qb&spegge@gg P&B’&RYWE‘W SP6age kpasyinethe grtaiThe east

about 50%rommasétﬁxeﬁwmmeq‘}&ﬁ.alﬁmk@&mi@ﬁma?&wsoﬁg@ and most preferably"
ndi ng

at least about 90% to its intended " bin equence on the target nucleic
acid. In one Jpsemerahodiments, thoRKQcomprisesmednteoveninigsequencedgtveseh at hat

hybri di z 2ok I tached to . the t uch that
di spl ac e?gg%lggfowt?%g&‘%ﬁg%é%%%"éﬂ%%%%?%ﬂ%é‘dtﬁﬂ%fﬁgﬁggleeqmtﬁ%PT‘@EE s primer
SUl Lol o peans. For moh ey epe ST ANI Sehdg B e BN S0, Ao
ui tabl e preans f.or achieving sych attachnent and determ ning
2005 mﬁ%s%@@?%ﬂ%@%b&ﬂam,dm 12515 suelepddesntSuitablai bi ti on of

or cSent T pgines SeAtly YR oo e KRl o e s B =R o
f unct i on seqyanes isrdesigned togpreferably, but not necessarily, enhance degree of amplification as
compared to omission of the sequence. In one embodiment, the intervening sequence is a
20 sequence that is designed to provide for enhanced, or more optimal, transcription by the
RNA polymerase used. Generally, the sequence is not related (i.e., it does not substantially
hybridize) to the target nucleic acid. More optimal transcription occurs when
transcriptional activity of the .polymerasc from a promoter that is operatively linked to said
sequence is greater than from a promoter that is not so linked. The sequence requirements
25 for optimal transcription are generally known in the art as previously described for various
DNA dependent RNA polymerases, such as in U.S. Pat. Nos. 5766849 and 5654142, and
can also be empirically determined.

In another embodiment, the PTO comprises a sequence that is 5° to the propromoter
sequence, i.e., the PTO comprises additional nucleotides (which may or may not be
30 transcriptional regulatory sequences) located 5’ to the propromoter sequence. Generally,

but not necessarily, the sequence is not hybridizable to the primer extension product.
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primer for nucleic acid extension (i.e., extension fromthe bl ocker
sequence is reduced, or 5 inhibited). Techni ques for blocking the priner
function of the bl ocker polynucleotide include any that prejl\ﬂe 6 #0i ti on of
nucl eot i J¥Q 04/2003he 3' end of the priner by a DNA pol yner @ga/ustiisios

techni ques are known in the art, including, for exanple, substitution or

nodi fication gf the 3' ‘hydrao roup, or incorporation of a nodified

nucl eoti de, s 8‘8 ﬁ“§§"§’°dﬁg%&§§/ hE cgnotfunction effigiently avaprimerfor nusleioacid he

bl ocker patension! aethm bski ' | tion of

nucl eotides by a DNA q%%sg?rie?lggkéﬁggbi@nucl@ft#%e&{:%ﬁgfggﬁégg&aﬁg%%r onot er
and a r e Preveniwddiiomgbnucliatides tothe 3tembofthe #TOby BN/ polemeiass) Suchduct Sone

e ST AR A .
T e kg ELdgbait iy AR 5 O

sequence iR thecHrmest pesition ofitle RIO thmt iasot capubie oftedicho¥ing4d dRIof atElEides
t enpl atebg,l ilgﬁ ucleotide ] n sone epbodi nents, the nethods enploy a pronoter
sequence ¥4 LIPIESE-oth 1S Hpe Bessitle fo Rloskithg 3hgnd using p labsl ore stalhpl at e

i : F iti £ th
o] 'gonuck@@%ﬂ@WﬁRﬁ@anﬁn%?of%g%%@d%%&%%&@%?ib@gﬁCO”F’OS't'Ons of the

present invention is a single- s , generally DNA,

conpri sing a prhsdengthoétheqodionafahe RTO that bridizes uthd displacédypriraér on of a ds
t f d ti | e, of hybri.dizi to th
B O 1 Riop0n PRABPI B BBy 5 Bl ook SF Bedlootiots. nmsb arerissiy Tome

pr opr onpaboutdéqoabost 40nuchotites eiéh ﬁlbfé&'efeﬁ'élil%'ﬁ@ﬂl dtout [¥roUbbgicszuct eot i de
and the hﬁ ridizing, sequence is located in the 3' portion of the

ol i gonucPUEEPULSS, 3l HAY ResfBrllisem abaw2hes30 nucleotides. |Ip somb embodimentsy and
hybri di zj ; ' . di t,
the pr ooy RARE parigh . 414 EARME aRP BB Tiikomind: S0 0TS, 20 B IRE YR ) et
anot her showdnyefithe follewingo3048; 50,60, Mt dofiplénentass WE RS bAARidgRBSHTE

se nce ng3 bjhuF are.in tI;n/e same Iocgtlon on the PTO I'n the enbodi nments
whetei n Fﬁ@‘? Gr% At sast sboyti %3 Yaamore proferablycsdeast ghoyt $¥6ossn poTe pbaabls 104
PTO to t hElenstiabBeht 5% GAdinddkt ﬁfe?&mkaftf‘ea&'ébﬁué 6b% %H&"S‘t&&%@?ﬁ@ ng an

at do Rybrid

overhang (the 5' end of the PTOt es not I1ze 1o di spl aced
primer efeBEBEON Bredanget nuclejpaddl | v

DNA polYmetase, ribonuclease and RNA polymerase - S
20 _ The amplification methods of the invention employs the following __enzymeé: a DNA
- polymerase, ribonuclease such as RNase.H, and, optionally a DNA dependent RNA -
polymerase. N
~ DNA polymerases for use in the methods and compositions ’of the present invention
are capable of effecting extension of the composite primer according to the methods of the
25 present invention. Accordingly, a preferred polymerase is one that is capable of extending
- anucleic acid primer along a nucleic acid template that is comprised at least predominantly
of deoxynucleotides. The polymerase should be able to displace a nucleic acid strand from
- the polynucleotide to which the displaced strand is bound, and, generally, the more strand
displacement capability the polymerase exhibits (i.e., compared to other polymerases which
30 do not have as much strand displacement capability) is preferable. Preferably, the DNA
polymerase has high affinity for binding at the 3’-end of an oligonucleotide hybridized to a
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conprising all or part of the propronoter sequence), DNA polynerase fills
in the overhang to create a double stranded pronoter capable of effecting
transcription by a suitable RNA 5 pol ynerase. Pronoter sequgﬂgﬁ@%yﬂﬁt al | ow

transcri_pw.(g%%sg tenplate DNA are known in the art and h e
di scussed'a . Preferably, the pronoter sequence is sel eREBHUSWRSHHOVI de

optimal transcriptional activity of the particul ar RNA pol ynerase used.

Criteria fgileiseH&R [ . particular pronbter seguence..

o 4§ cut ool UG stafy "Plekdtibly. & DN A pRiAbcr S 9B B 205 wbStiH irkine |

the art. #bwitgxEngfembly, the pbaneaadss tittld Sitnds 0P eRbfudl ke a&fv?@?ﬁ%?& ion by
e

T7 DNA de endent{ E% gol yperase and SP6 are known in the art. pr onot er
sequence CHHME @ °$P$ﬂ%§@@ﬂ°@@kaﬂmt’ externsion paynuatectides

enbodi ne O, | . Y ryenin equence tween a )
proprorrotrte;?nesfﬁelgﬁgﬁggx ang ae;%?ltv ?‘ghA%i’g%%ﬁ%é°8?a°ﬁ<§ng? 'aiipgﬁ S%"‘E“P‘f’&ni"s‘moé‘ﬂd of
the pri mewhether the templateris doublisttand&liort sifile str@itiet har@solfhih, It WG HY
sequence gan.be enpirically detern ned and can be at least about 1, 2, 4,
6, 8, 10, aﬁ!’é,‘a@% 0538\21@6‘? ifb‘ég artsiyfytand RINAqelymaerasesiieiwhichithe 5+>3he

I nt er veni g@nk ; Ha'seﬂeE LEkcal eternined.. t he seqguence
I s desi gnéeig gggﬁee&? g‘r”g%‘l Y, ﬁ?agtgg ’r’g%,gggé‘gé# F\g,ahe éﬁ%ﬂﬂ'&%&%&&f |

anpl i f i ccamplification oustipmds describedhtrsin. Sui@blelICA JRURGERS foruse 'iﬁ‘th%’m&g&&e nt,
t he intera\i1 r};ion _sequen is.a 20 sequence that s designed to provide for
enhanced, gr H&’P@ﬁ@&f P@FP'W‘HH%‘&"F‘B’E includethesedisclosed polsSrdatNosused.
Gengd al | y5648DEl a@DISEIA3E2 1 vohi Sk i i1 = substantially
hybri di z;l)%,’t o_the tar ?2%’ %?f)gﬁcgﬁgg‘gﬁv%@ﬂgpg ﬁ%ﬁﬁ?@ﬁ@c?’f%ﬁeﬁv(?&ur S
when  t r dNs¥ Eqglans Biolahs), Bt (BioBad) two” Pt (Stetzpeac), Boa(Panpea@bQienthiatl | S

operati velyid 1 ue J reater than froma pronoter that -
i g not s%?@én{h;ﬁﬁ._ ﬂ’hgg@?d@e%%@%ﬁ%ﬁf?ﬁ?@éﬂﬂxqus °"6HFPHEF“*’F$%\’|4§'€H ption
are generth¢ rdosul furicush & isptefafedthau poISffetds '

n s lsgch, as, | n\ullfg.NAF(’at. Nosbag’%a%%sdgﬁgﬁga@%g%Z

dependent_ R | rases, S as_ i, 576¢

and can Pé?@“@“g@mégﬁ? WP&P}FF pucleic aridiin atileastabont 2Shamareipoeferablytat Iease  PTO

CONps i SeabBuSKIYVeR mdie prefstably ' ter, s nce i.e . the PTO

conpri ses_additional nuc S0t ?@éé‘{ %&%P@ﬂw@}"’%%vt R{g?&g@yﬁleast about

transcri 0% edrhe ingidencenficoscttetvem)the polgineehsh and the! N @n@oPHeRAGT

sequence.ﬂx"ngl%r al | ﬁut not .necessarily, the sequence is not hybridizable

to the priner 8)?1'%‘#&’0 sﬂpﬁcfﬂltloﬁ Imgnts; the Ugeof timgmostable D¥AG®iymerases with

PCT/ USOO/sttadddisplacement activity is preferred. Such polymerases are known in the art, such as
described in U.S. Pat. No. 5744312 (and references cited therein). Preferably, the DNA

20 'ﬁdlyrhcrasé has little to no proofreading activity. S C

The ribonuclease for use in the methods and compositions of the present invention
is capable of cleaving ribonucleotides in an RNA/DNA hybrid. Preferably, the
ribonuclease cleaves ribonucleotides regardless of the identity and type of nucleotides
-adjacent to the ribonucleotide to be cleaved. It is preferred that the ribonuclease cleaves

25  independent of sequence identity. Examples of suitable ribonucleases for the methods and
compositions of the present invention are well known in the art, including ribonuclease H
(RNase H). '

The DNA-dependent RNA polymerase for use in the methods and compositions of

the present invention are known in the art. Either eukaryotic or prokaryotic polymerases
30 may be used. Examples include T7, T3 and SP6 RNA polymerases. Generally, the RNA

polymerase selected is capable of transcribing from the promoter sequence provided by the
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I n one enbodi ment, the PTO cannot function efficiently as a prinmer for

nucl eic acid extension. Techni ques for bl ocking the priner fgdngtion of the
PTO i ncl ude any that prevent addition of nucleotides to thal U6 B of the
PTO by a WRRLRWBYner ase. Such techni ques are known in thecanspe/2s16d udi ng,
for exanple, substitution or nodification of the 5 3" hydroxyl group, or

i ncor por atd Qn a npdi fi nucl eoti de, such as_a dideoxynucleotide, in
the 3'- noa‘;#é)ﬁbgjfpiaéﬁ%%ﬁ“bfﬁgeﬁﬁ% ‘gmac{b’s theRNARolneragsris aﬁm&dengxd&aw tion
of nucl eqlolgiRérase) WhichINpratSthdl = J the 3'
end usi ngjd:!t | abel, or a small yea e%ﬁ“é%flgiﬁ@?rs&gg%g Ser o?ﬁaﬁgg‘ecific
bi ndi ng pemplatessednngss thie pramotefiegionan dotblektriddedpor t i on of the PTO t hat

hybri di zes to §he diaﬁft)}haced rimer, 10 extension product is preferably from
about 5 to abotft B 3R }0¢ eRYmESs Used ipeluded by the mathods and compesitionsofithe about 40

nuclseot i r Eom.ah .10 ucl eoti des,
and Srs}nst %ﬁ?@?gﬁt%fﬁgﬁa?%ggﬁa%e Jtug Y40 1 Sfégrgﬁﬁ%\e%ﬁﬂ(f’ﬁﬁc@g r?gﬂe nbodi nent s,
t he hybr icomponentpof saidbmethodaand eanpositionst any of the following: 3, 5, 10,
15, 20; and less than about any of the follow ng: 30, 40, 50, 60. The

conplenmentarity of the hybridizing portion 15 is preferably at |east about

25% nor Rdackbr bedidoms addede¥dctighout 50% even nore preferably at | east
about 75% and nost preferably at | east about 90% to its intended binding

sequence on t Hsprreprigie reaciiominedia and cordittonsaoy carryingoutrthb aretipide atheand  RNA

pol ra . L1flcation nethods. of,,the iLnvention enploys the

f ol T owi n ?%sﬁgg/%g%!t%%g{lﬂs%&owtﬁ'@g‘? ?%gﬁ’ﬁ?epé%@néﬁﬁ‘ﬁd% teligcmethodsng

opt i onal lof i padintiventitn tSuShinedROANI EMARRNs DRANBNMEBERASAS ﬁféﬁllyﬁ'ﬁ in the
% eo e?fectlng

met hods and c(frrposit_i ons of the present invention are capa
ext ensi oATeRNq ¥ detsribed in waripus publications, suchyastd.St Rat. Net £,6@9,562 anhBCE5

resent i i P68 di I rred ase. s . qne. that..is
Eapabl e g‘% ‘Sg(q%)'en |9ng ag'nggfjéé’%éénpged?(ﬁ%}%r#}?? bgﬁléﬁg’%&%ﬁ&é‘?’%‘i'@‘ %{B?rgb"{f@ﬁpl ate
that is cewplspbeusat aslengsis the buffer coniiongnts afe sipoMlibitohetddgme The
polxmer a houl d {iﬁ abl.e to ﬂlss | ace a,_nucleic acid strand from the

- polYnucl {"588“1‘%0 ¢ Dypthods of ﬂﬁ“a"é‘é‘&“sirpﬁﬁﬁ is praferably fram gboySiembewty t he
nmore strangmogt Sefcrsdy RO id 4 ln\(,p% Lo b

conpar ed tg o"t:hlir'rEf pol neirna&'rsbggebv\#i dcﬂt?n%@%gg{r%ot g@ﬁ%@ygﬁﬁaﬁ-‘ézg‘g%@t

- .di spl acefeatd meptaseferably from abouti ks kbateut B15e fPheatdction tiediubhléan pleb ybudese has

g o i B B B O 22 ol Rl 10

a 37 WO
‘the range of from abo__ut 0.01 to about 10 mM, and most preferably from about 1 to 5 mM.

20 The reaction medium can also include other salts, such as KCl, that contribute to the total
ionic strength of the medium. For example, the range of a salt such as KCl is preferably
from about 0 to about 100 mM, more preferably from about 0 to about 75 mM, and most
preferably from about 0 to about SO0 mM. The rcaction. medium can further include
additives that could affect performance of the amplification reac‘tioné, but thét are not

25 integral to the activity of the enzyme components of the methods. Such additives include
proteins such as BSA, and non-ionic detergents such as NP40 or Triton. Réagents, such as
DTT, that are capable of maintaining enzyme activities can also be included. Such reagents
-are known in the art. Where appropriate, an RNase inhibitor (such as Rnasine) that does
not inhibit the 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 sime or varying

temperatures. Preferably, the reactions are performed isothermally, which avoids the
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3 A AUG 2005 PCT/ USO0/ 25104 nucleic acid strand. Preferably, the DNA

pol ynerase does not possess substantial nicking activity. Preferably, the
pol ynerase has little or no 5 ->3" exonucl ease activity so ab Ao 2008i ni i ze
degr adat i g @if206¥s! Mer, termnation or primer extension polynucleotides.
General ly, thi's exonuclease activity is dependent on fact dfS/SYeRNE pH
salt concentration, 5 whether the tenplate is. double stranded or single

st randed, cmmbtrmmefthemﬂmcyeldlg ocedsi I hffcﬁt'iﬂd din the
art. Mutant DNA g(t)h@xmsr a,Sﬁ1 ?ﬂ;l whi che?ﬁg) t->3 feﬁ%;&ggﬂg?ﬁggéhﬂadétﬁl vity has

been del eteBWeralir BSERifshybridizgtien Qﬁﬂlealeoemlecxiidbe(m‘mer,t'l’&) tdogkter f i cati on

met hods d as use I, met hods
and conposi ?l%ﬁgﬁo t he resehép%ngv%@ t(?/ﬁglt afe ‘?‘?ﬁ"é’g&h?n U. S.
Pat. Nos.dds nsmmuamnﬁmmacu | 6¥fihé BiEAyHIS e R)tyc&/e'f'BeRg 'caxg?

S Bi o exo

Bi ol-ab ((Ne E | d Bi ol abs)

(ot it anebioh heREs obprotarally abeut.2ora mgbouy BZ@Z ot pefrobiygapL W00
th t a&ﬂoﬁ

thg gﬁydr osuﬁ‘“grl cuasﬁw&éﬁ&by%e 52‘2&&1 ﬁ(g?%l\lﬁ‘ SBB}eﬁ%!?"Qé‘Ee'H? that aces

primer exineludée BNA pramsdription, filicorhipesatire Tor @b Gamdteipfibs s@fd & lb»@er%ad 61@5t about

| east 15 about 50% even nore preferably at |east

25% nore, pref
abo?u 75% R‘ngﬁ%gi y%ﬁ?rlé?%?élﬂyg seps Eagwsmmdxmw%motemmmmmmumce of

cont act r%%@ ext ensi on
product . I n sorre e O%ﬁﬁ;ﬁ&l@t &g?et?mpﬁﬁaﬁgggﬁ Eﬁggm& Vi¥Cases with
tSL r h(hdt di B pfeﬁﬂbbn%bqut 30°G wlagpui B5°0% eﬁcbmeubreﬁtagmi%dfgw’mg%o?rm%nom i ? d
e ar suc criped i and references cite
therein). Pr efﬁ“?cé?ﬂq@s © apger WCQ@W&%SSEE%@\%OWFWW%IQOSQG’Hhoéﬂiat@ad| ng
act i vi ty.thdtean be emiployed gﬁﬂksﬁa‘%?tﬁ Jdpriti& XRnbid j) étsgﬂm%éﬂ:b W |
| e of cleaving ribonucleo es 1n an

pr esent invention 'S, capa
hybri d. rm&ﬁnélpameyprowﬁed mrﬂhb@nmhéa&ﬁomlpeefemblyraﬂwnimio%buMOrp&gamdieeSS of

et B s
sequence dnaf?x'fﬁst f)ﬂéfer@i? %&lﬁ%O@fto §b§l}tq13b6 R{H%ﬁ{? ]He th @' %QFC%EIB?I 8]|- u dl ng

COI’TpOSI tions of the present 1 nvention a

ri bonucl dusleotifle grRlegswhaode pr&mﬂ%hdﬁﬂﬁ&ﬂ@&ém%tﬁﬂh)éﬁl%ﬁé@dxﬁﬂécéﬁ&t bt the
met hods Ed co S|t|o‘r}l§‘g}F t he present invention are known in the art.
K

Either e GRsIng base paisng hat is weakenthan conveationab AT KIG s
i ncl ude Base ﬂ'a'inﬁg)ds ﬁBﬁxd@&'ASQ&{ MIEREGRR B nfIBGH R dnlogh E}x%hﬁ\l'%eoxymosme and

othier modified bases, all of which are known in the art.” Nucleotides and/or analogs, ‘such
20 “as ribonucleoside triphosphates, that can be employed for sysithesis of the RNA transcripts
in the methods of the invention are provided in the amount of from preférably' about 0.25 to
“about 6 mM, more preferably about 0.5 to about 5 mM, even more preferably about 0.75 to
about 4 mM, and most preferably about 1 to about 3 mM.

-,

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

initiation of the amplification process. In another embodiment, components are addéd in
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pol ymer ase sel ected is capable of transcribing fromthe pronoter sequence
provided by the 38 3 1 AUG 74 05 WD 01/20035 PCT/ USOCO 25(lj£ﬁ ﬁg@qgr PTO as
descri bed herein. Generally, the RNA polynerase is a DNA é

pol yrmer a¥e0Q ougoosh i s preferably capabl e of transcribing fpeingedisied ©
stranded DNA tenplate so long as the pronoter region is double stranded.
In general, the enzynes used included in the methods and conpositions of
the 5 prB¥EFier prokiner@dtes Appropriato timepoieduringthe amplification grovdss; aon of t he

nucl ei c | . I d hods _and co sitions. Reaction

condi ti oggdugrr? %8@7@2@? %n%%?%pﬂéﬁcaﬁg‘éﬁaic ﬂn'ngg‘i?’éuﬁ?m'@ﬁﬁafnﬁ%ﬁ’g"qhor
carryi ng asotédbelowt bardbe @hdity Richfified W@Pérsbﬂbﬁﬂ&il Hthelaft, ThO&yindahisdger m t
nucl ei ¢ %m d anplification according to the nethods of the présent

i nvent i odor MIGlGiC agid mmplifigatiemancordingstothe metings of the preseatinyensfonskiibé i n t he

t, d ' K i licati , .quch .U. S Pat. No.
5. 7. 51 9008 IR Feanfion bR 5B nibets R iTE: i B o e TALGMBE Tv <
buf fer, ahé dumagitatiioneép, by Folesving HFBHELRRNST (HS FiimBSarldRARDlctket RGudie k8
conponents are non-inhibitory to enzynme 15 conponents of the nethods of the

i nvent i ofbe tareet BNA.sgletermingdl by theis thempal statsilityendles other ¢dnsiderations kaairer abl y
from abo L0, n nore preferably fromabout 7 to about 9,
and. nostltl?)}hgfpgﬁggltb?g rll(])]%ﬂé%ﬁ't 7.5 to about 8.5. The reaction nedi um can

al so include Theaaipdificati®r rdactigiizcan be btopedat] vikiohs Bmepdints, andiresunidd bt b -
confﬁentr tion of free ions that is wthin, the range of fromabout 0.01 to
abolft 10 181 ume; Saiddimepoints canybs readidyidsniified by a persomofskill impthyag. Mathadson .
medi um CJgr st | h! t: KCle L Lhat : he
total ionic @ﬁgeﬁlgt‘ ofo H% E%rkrrnégllnu@nth% r?%"i}g%p ’ef?“f' e ‘rlgﬁgxéﬁwg?%a%ﬁ?ﬁ such
as KCl i sniystued toratiomperdturerthattivhibitOetzymelaotivity. OMettdds fmrresunting dieabdcyiohs om
about O bout 75. nd st referably frogmabout 0 to about 50 nmM
The reac Ie(ﬁso .VY}M“C% _a%plrnfﬁ_@fng’ ng'leﬁﬁ‘_@pﬁl’a 1pg 8\§§e'f‘ﬁ%ff‘t“5"o?ﬁ0‘3° EePn

per f or mangigtued tota@mipeRitireithatpefiits SR ile@RvitP Uin soRRlenfdih&its, one bPEBEY al to

the activity of the enzyme conmponents of the methods. Such additives
i nclude ofHisccompenents of the reastions jrreplenisheshpriordos atr ydaliewing the resumpticn or

Triton. BeaRsMctionsY - DTT, . f | ni.al Hng e me

activities can chlog% @@"ﬁ‘%&‘?’@&%‘?E‘%@{c‘ﬂ@?@a%gﬁ@e%ﬁgg%%%ﬁﬁé‘aﬁﬁ.

Wher e. . affinishpwithowt intenruptiese i nhi bitor (such as Rnasine) that does not

inhibit the agtivity . of Hﬂe RN?,se enpl oyed ;in the nmethod can al so be

i ncl uded. . Aniﬁle detection of the amplification product is indicative of the presence of the target
sequence. Quantitative analysis is also feasible. Direct and indirect detection methods

20 (including quantitation) are well known in the art. For example, by comparing the amount

of product ampliﬁc_d from a test sample containing an unknown amount of a polynucleotide
~ - containing a target sequence to the product of amplification of a reference sample that has a
known quantity of a polynucleotide that contains the target sequence, the amount of target
| séquence in the test sample can be determined. The amplification methods of the present
25 invention can also be extended to analysis of sequence alterations and sequencing of the
target nucleic acid. Further, detection could be effected by, for example, examination of

translation products from RNA amplification products.
Amplg'ﬁcation 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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30 aspect of the nethods of the present invention can occur at the sane or
varying tenperatures. Preferably, the reactions are perforned

i sothermal Iy, which avoids the 39 3 1 AUG 2005 WO 01/ 20035 Pﬁl’/ %82[%25104
cunber sone thernocycling process. The anplification reaction is ¢C i ed out
at a tenpElWHOB that pernits hybridization of the ol i gorREI/BsI0/28H
(primer, TSO blocker sequence, and/or PTO of the present invention to

t he tenpl I I n does not. su stantlall nhi bit the
activity ggﬁ%dt%aég%nggéex%lpgeygeﬁgﬁ‘%e O HES Wé’ ¢ Bmer meansthatany phthee of

pr ef er abl yombwlbpiﬁ@rkdesebbwh&&ﬁmMWEferaNy about 30C to about 75C,
and nost pref egxﬁb@/ about 37C to about 70C. In sone enbodi nents that
i ncl ude RNA t r fhoRs gspestaf th qm%%w&%ﬁmﬂ@ﬂhﬂdbh&nph&monMMGsteps i s

| ower tha recedi n

enbodi m::ntg%cfu &he ?@%er aﬁgﬁé§)&;g?{1n&°ﬂtop §?ﬂuF'E) ?F‘%ﬂs ll’&gﬂs B‘&ﬁﬁoﬂ t he
rangé of ;soﬁieanaltihyeaainmllélcﬁ&ﬂls ﬁﬁ&iﬂoﬁﬁ&hﬂe@e&rﬁ{&bﬁ{&&@gpgt 30Cto
about 75C, gwg 8 eferagfé about SEC t-o about 70C. Nucl eot'i dé and/ or

nucl eot i dB% Bﬁlyﬂ!l@@md@lse@mdewtmemﬂ)s pmpllﬁsd prodhettis can be

enpl oyed gé;,gegym roduct s, i t hods of
the invention arg%glr)gl\c/llg%‘ﬂnl n t @gé‘r?gﬁﬁ ¢ efd)tf’rl%’ﬁﬁ P%‘F’er&gﬂi’egb B4r50 to
about 250@mplificatios methed. dm&lnby:nfbbdmcnl,%&mo&bﬂéﬁhaﬁ&&s%exﬁﬁ?ﬂnémr nticlei

pr ef er abl %lﬁoout 500 t.0.ahout 1700_M 15 and nost preferably about %85 to

about 15087 RFCAUENEARPILIAIHAR Whighds T§Q1b§F‘ééﬁHfG@d9¢ erpimafiso { ‘Methadnld).olp whose
pregeonce andvthdienibod cenent of the
strand (for exarrpl efmébn;e&églgggggpgase pal ri Eﬂgﬁﬁﬁfﬂl@gﬂvﬁé&a ?Setqﬁ%ce

convent i GHBPlifeRtiomwhieleisblosker sequincesnd Mnsbkseld isuovided (Hepsdhdftbe “Method
nucleoth?)analogs I ncl ude deoxy|n05|ne and other nodified bases, all of
whi ch are Known in the art.' Nucl eotides and/or anal ogs, such 20 as

ri bonucl eosi de triphosphates, that can be enployed for synthesis of the RNA
transcripts in the nethods of the invention are provided in the anmount of
frompreferably about 0.25 to about 6 mvl nor e preferably about 0.5 to
abogs S Mine@\idleiDicid BRALAMNRIAM rQuifiRe i cofieibntan N ARG a0aS"
pref er abl'y abod 0 apbou ‘ ;

anpl i fi cati on' Wae notlikedfto trhnscnpuantth@ﬂnpliﬁcauBEnﬂﬂi&f@méhdvent?dﬂless of the
nunber of %)9, g {ﬁrn | ei c, aci d seguence to be amplified. They can be
provi ded B 45 amptiticationpf gargetanucleiq Ms@uem@ Teamethedt,

é(r)lerre%gg u%%w%_sl%é%n%ﬂo@%pﬁxﬁ& AL enBbdinitnd the Afilod afsodigloys L MPOSI t e

termination sequence; such as-a blocker sequence as described in Method 2, or a TSO, as
20 © -described in Method 1. Methods 1 and 2 are described below. Insofar as the linear
- amplification is not linked to transcription, the components and steps leading to formation

of a complex comprising a promoter sequence for a DNA dependent RNA polymerase, are
not included. '

The termination sequence (either TSO or blocker sequenéc component, if used) is
25 added for producing a product of defined 3’-end. In some embodiments, natural
sequence(s) within the template 5° of the primer binding site inhibits nucleic acid
polymerization such that termination of primer extension is achieved. Such natural
- sequences are known in the art, for example, GC rich sequences, or can be empirically
determined. Use of a termination sequence is 'panicularly beneficial when amplifying
30 genomic DNA 50 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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bl ocker sequence can each be provided at about or at |east about any of the
followng concentrations: 50 nM 100 nM 500 nM 1000 nM 2500 nM 5000
nM 30 In one enbodi ment, the foregoing conponents are added 1 diUnild5aneous! y
at the iwotoit@bgssn of the anplification process. In anot hgicraidagsigent .
conmponents are added in 40 3 1 AUG 2005 WO 01/20035 PCT/US00/ 25104 any
order prior to or after appropriate tinepoints during. the anplification
process, bgsarriedqut withoutritetminptiomsequeniced yTHeHisotherpial finean aimplificationt further Such

ti mepoi Nt $:4:.,S0 f whic re,noted be]o cap be readj identified by a
plar sgn? o?“?';l%% oleﬁnzngé,g Ngﬂ%y”&%@&; 4" BeAuUCtegFc G P\%waé‘lcﬁd rgchetlnanc g
anpl i fi caebaptionoP s Iiat BotbRndIBhbRASacH ah RigiBAGR eliﬂvaﬁ'ffohgys enatihe >

added to _the reaction m xture either prior e nuclelc acl uration
step, folligedé-Ci he denaturation step, or follow ng hybridization of the

i d/ t he, t t det er i ned_by .t hei
P 2 o KR MR 55 28 gl bl P T el "2l
in the adesighéttoammpliey h%ﬁigl@gﬁahe@fbmﬁrgéng mn%gegggg tébe ARPHifALPs ds

timepoints, and resuned at a 10 later t Sal’ poi nts”can be readily
i dent i fi QNHythg yeetdis firssideratured to produce single sivendeddarget Fargetalopatngtione

reaction ' he t, Jncludin for, exanpl e,.. cooling t

react i on%“?h[‘%%?@W%‘@#“@%@#%‘FMWPHQMQ%@SB?# ?W%kaijﬁH“g?t r\%B‘t”hods
for resunhewgrdeds simgle biraded RN/, sabl 8s RN ok YirkIFENA! the thrg6l is®irtg, for
exanpl raisj ng the tenperature of the reaction mxturée to a tenperature

t ha pg,rl‘i'iapﬁr% M@Bﬁ@k‘}%‘%m@ﬂ%k@mhx@?wﬂe or nore 15 of thﬁ
oot on o THeWRE FYARE LA AR ol BeaiBh metiod SN 1000 o

proceed @nveatipn tomprisdsateps similak torihetihitial stessof theérdiancedtlirear ampkfichkiogct i on
of the anplJfj 1L,ONn, Qr o t, is,ipndicative of the presence. of the target
sequence%e&‘éjﬁmcﬂqqﬂ ’H‘ﬂéﬁ 95?"5“’?@ wanddp Ligyres 2%(}%’&3%% Thetargstt .

det ect i opuBRidWRitbis28nibirkd!with eorApyie iphigld y,\ﬂq ! re.
For exarrplue by clgrrpar.in t he anmount pgl?iéﬁ’?ggf}(a:é&arrpalg?’i%e F%lrgnastggtﬁglgt
“sankdl e c@nRYas¢ HandrontionallymblackansequehcecoropomentorBSO tas descritiediabovig In

hasTa kb EreGahftal, 15PRABCRh ccBoh el OB mrnei 6F B gRel |
isequence sequzacaninamotief einbodifient, 2ct@nFIHIdafioh fctifd incRleP h thikfite HE
determ ned. The applification nethods of the present 25 invention can al so
" be ext enGeHPPHIERIUNCIYatiants, Whereia the vaniants tepresent twa ¢r menebomplogous buthe
non-identical sequences, and wherein all are capable-of hybridizing to the same target -
20 nucleic acid sequence. The complementarity is preferably at least about 50%, more
preferably at least about 75%, and most preferably at least about 90%. Advantages of this
embodiment include thé ability to introduce different sequences of interest into the primer
extension products. In yet another embodiment, each amplification reaction includes a
- mixture of composite primers, wherein the primers represent two or more non-identical
25 | sequences that are of low or no homology, and wherein the primers preferentially hybridize
to different target nucleic acid sequences or different sites along the same target nucleic
acid strand. Advantages of this embodiment include multiplex detection and/or analysis of
target nucleic acids through amplification of a plurality of target nuc__leib acid speciesina
single amplification reaction. |

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

composite primer and the termination sequence (TSO or blocker sequence component)
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target nucleic acid. Further, detection could be effected by, for exanple,
exam nation of translation products from RNA anplification products.
Amplification nmethods of the present invention 30 The fol | owinggsap

exanmpl es of the anplification nethods of the invention. It is wunderstood
that vari QY% enbodi nents may be practiced, given theP@EUs026104
description 41 3 1 AUG 2005 WD 01/20035 PCT/ USOQ 25104 provi ded above. For

| e, £f I |t '  t hat f th
composi & egﬁgrﬁ%?é T St ReRETRERL §° gm At molosuispeotaelgb X iswed A
t i GY.eThd Yrendoofithd iid o |
Compl emen Aty Lo S tarer ek oor ae ooted sl P bed spaRUeR

conpl emenltaﬂry to a target nucleotide sequenc I s nmet hod,
5 i sot her PRYMERaSG AP o tha sifeof Aybrdiging ofitbe TSOriblécket sequerice campongdo | N

anot her ; ry anRl i fyin t ar get nucl eoti de _seguence
wher ei n ?ﬁg%wgﬁégﬁcltﬁl %%h%‘g‘cﬁﬁw*f‘g’ﬁﬁ?g&%% cleaves °iR§*L‘§:orreti nes
refefired ganctutlyhasaRNA) poriohUTeRSextbidddPrime @?lcbﬁbféﬁtm’(gf@ﬁ@ ?gé(%)letguone

enbodi nent, .a net hod of enhanced i sothermal [inear  nuclei aci ence

anpl i i caPPgyeesemplex XXHBigue 44-Ch Hrsocordadnipositeprisaét inds fvizbimplx XXII | 0
10 anot hegy; L . nod .gf anced I sot | lipear nucleic acid
sequence%éég??gi%%&\%éﬂniogaﬁ@g PEREE eﬁﬁgem’m@%é&ms provi ded
(her i nafecatpléABXINqFight 1AL, R TRIe 1 ol ifordhl BodROLARES MRk dGR! | On
resul ting,in conpl maat gry DNA product = Wien not [i1nked'to transcription,

t he anpl i q‘?@%&eﬁgﬁ’ﬁﬁ‘ &4 thsrprimer extapsioni psadyst and bivridizes to tettgettalfodm near
ampio f i caddnflexokXEV el & el €., Th thod utillizes a
single conposite prf(ﬁfggﬁtllﬁnl@ngmgrﬁg ?%ﬁ%?gﬂﬁg%ﬁqcﬁ%gﬁ%mmlpﬂﬁr?

t e mi nat i tBe tasgey issgroerally favored overithohjdsridizstipaftie SendRFeHd pHaferieRtdbiohod 2,
or a TSO_.a; escribed. in Method 1. Methods | and 2 are described bel ow
| nsof ar é’rg@ﬁgglf’?%@'ﬁlhygﬁg?ﬁ?@fsl E"&f‘? e pamgepis 4 sitgaf binding ofthe DNAt i on, t he
conponentgdlynetass which i oAt tRE TOUIAUF hObrithel QTRE B HAIPBARRAT 2

pronot er . sequence for a DNA dependent RNA pol ymerase; are
The t er m ISR results inmdisplaeament of e dirst prixherdxtensinqueduce tcyisideomplex i f

et 205V RO, LA Pk i sl e,
bi ndi ng dlisplacemientoproductsiwhizh@régerérally complementary to the target sequence.
The single stranded DNA (i.e., the displaced primer extension products) of the
isothermal linear amplification method are readily detectable by any of many detection
- methods known in the art. ‘Various homogeneous or heterogeneous detection méthods °
20 suitable for the detection of single stranded nucleic acid molecules were previously
‘described, including identification by size and/or migration properties in gel
electrophoresis, or by hybridization to sequence-specific probes. |
- The detection of the amplification product is indicative of the presence of the target
sequence. Quantitative analysis is also feasible. For example, by comparing the amount of
25  product amplified from a test sample containing an unknown amount of a polynucleotide
containing a target sequence to the product of amplification of a reference sample that has a
known quantity of a polynucleotide that contains the target sequence, the amount of target
sequence in the test sample can be determined. The amplification methods of the present

invention can also be extended to analysis of sequence alterations and sequencing of the
30 target nucleic acid.
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pol yneri zation such that term nation of prinmer extension is achieved. Such
natural sequences are known in the art, for exanple, GC righ ASgeqyuences, or
can be enpirically determ ned. Use of a term nation sequence is

particul aVOYV@B%f i ci al when anplifying 30 genomic DNA soPEI/USO0/pS104i de a

. defined end of prinmer extension. Wien this feature is not desired, the

I sothermal |inear appl.ifigation according to the nethods of the_ invention

can 42 WD 01/ ciongEablgast 1. aideastiBont deastrboyt 100 ot ileagt dhout 19080t a
term nat ijoft ?&ﬁt’?@‘?ﬁtleﬂi%bbétoltd",e%rl@dst él%;'&%‘%s’ ﬁﬁ@&ét%&ﬁtl'o“?fé\lﬂagl%ﬁ\%ﬁ tilizes
I 0 ch as e H

two enzynmes, a DNA'polynerise and a ribonuclease su chemat i c
descri pt icopiesdf edch copnefitemplate ipetymatieotidd @intheaxpettedythusileading torut ddast he

Idg\sng |t ibgg‘t @F@W%ﬁ%ﬁ?@@gr Lgﬁ&{!ﬁ?&u%fﬁﬁ%h&i@%@ lcl\gtggfgg !léng_ggﬁzf ag;bpﬂ ify a
singd e styoAng st dout ﬁi‘ggéld e‘tﬁ‘lﬁi&gh&ﬁt \Fvﬁﬁﬂfsée&"t‘o Q&gggiﬁ& 'oﬂe?!?plénsrads DNA, - the

target is first denatured to produce sing stran ar ge rget

* denat ur atpodynuclkeetiddoe carri ed out using nethods known in the art, such as
heat or alkali treatnent. When the target is single stranded RNA, such as
MRNA or viral RNA, the target is first 10 transcribed to produce cDNA

tar got D\EmARAN ek @iAifichibR Fechlting iASeMBRIGA biudiogUr 1 A-C, the | i near

i sot herma onprises steps simlar
to the initi alThetpegsentdhventionaisoeprovides imethands forpimplifyiag iacmrgetptljradicofitiéet hods
1 2) cri bﬁd bethow ai,llgiﬁi n clgi tjrﬁf A-C and @l?éD. The target nucleic
acit'is snge Wogkem the amplifisd ip “g 1511 4> CPRAINIRG (PRSFISE SCqUPNEe W faEase
such 15 asqudhosss targei)dAaiplifieaadd ¥f Argdt REUEIC aRINEA M8 ARSI, Whicl SO, as

déscribed above. In “one enbodi ment,” each anplification reaction includes
conposi t deilts pithe gemeratien otk uriguaintermedistaesaplification proswet eampprisingtatget each

e el ' oha XalRg S h oliRouiGHaR i tetiia Roriofig TRARNGTpPLobiine SRl
sequencedinearunplifieatiomtoctranseriptiara jEtid conspllex foined by khiechyibeididation 6Athe t ar get
e e R AN O L R R
E T or ont UL TMATRATY B KYUA POLAIAT, BRLth cfilratddan RAGA BRIdCL drhPeded TP U0C,
-anot her SRS therinitiabtacget sequenté.cSinitanly; amplification of hudleis agid target
: according to Method 2 results in formation of a displaced primer extension product which
when hybridized to the promoter template oligonucleotide forms a.complex, whichis a
20 substrate for the RNA polymerase. As in Method 1, this process results in coupling of the
linear amplification to transcription. The production of preferably at least about 1, more
preferably at least about 50, even more preferably at least about 75, still more preferably at
least about 100, and most preferably at least about 1000, RNA transcript products from
each primer extension product is expected, thus leading to preferably at least about 1, more
25 preferably at least about 50, even more preferably at least about 75, still more preferably at
least about 100, and most preferably at least about 1000-fold enhancement with respect to
the non-transcription linked methods of amplification.

Below are two exemplary methods.

30
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m xture of conposite priners, wherein the priners represent two or nore
non-identical 25 sequences that are of |ow or no honol ogy, and wherein the
prinmers preferentially hybridize to different target nucl eia(f @§i2§5
sequences vy oHohdser ent sites along the sane target nucleic__acid: U[rand.
Advant ages of this enbodi ment include multiplex detection BntPA025104) ysi s
of target nucleic acids through anplification of a plurality of target
nucl eic acid species in a single anplification reaction. .30. Figure 1 A-C
i1 lustrat i?ﬁtfn enbodi ment that includes a term nation sequence. The

conposi t e Mithadd- I3 dasactenhenaedhlindap musleipumid emplififation bl ocker sequence

conponent) 43 035 ,PCT/ USOQ/ 25104 hybri di ze to the same
strand of the & a%ﬁ%ag%tmeﬁégﬁﬁ%éWW@ ign meghod afithp presenp. ) .
The 3' - endhvefitidnhie liaRedhRYtHdrciipt \ ERdSHe A rand by
the _polynerase,, up to the gi ed%g%%ﬁﬁﬁﬂ ng %fﬁr}ﬂg&@%ﬁr&gﬁ%ﬁ%&%
sequénce BBepis aeidamplificatjons| 4 schematindexotiptiohiof diis ndvehafgplifibationidthed, ease

such as RN?é&dH’géf&@é’?ﬁ%)Pﬁge‘ﬁ;aﬁ’(EE) generally the 5 -RNA, portion of the

ext ended primer fgure 1 A-C) to produce conplex XXII

(Figure 1 A-C) The\TSOdsasel AaSTEI0Bideankyli ' ? Fhaure
|A-Q) by >0h§/,bri di zation of the RNA géwgrﬁg‘l"%egﬁg%g'%‘jfrﬁfé’é‘?éﬁpkﬁst%éh@%| d

conpl ex ‘PPOS_(‘FPQ{PPE ag dasaribed phevd. rA se@nd pligonusteotitle bl inahyaslifivation t e
Pybr di zeneuiodof el s 2 pesiliteSivic iBomsTeoyat F 3 alsp s dssctibed ™
hybl0di zaabaye. Tie aniplifitation thettiod ¢fthe DVBRIH dnfloy I ME fHlfowihb %ﬁiﬁe@?& DNA
general |y flavored oyer the gyb i dization of the 5 end of 't pri nmer

ext ensi onPO S 2 rhoprleqss “ﬁéﬁ RiaseHd, and aay Aodepehdent RINv polymetasei t e of

bi ndi Thé AR 1d\xi pifeied Ra xtend the 3' end th

plrinrr{epgaloongm?he tz;??g%émlgrlb?%e&l eg'?%ignﬁ‘*]ggﬁﬁ?\se’gwphﬁgﬂo&?goﬁ%@%f '? he
first pri#Eﬂetéﬂdl@ﬂglf@numl@l&m&S}}'mhysigladknmim&ek&dxév (Fi ggre I1A— C).. The

- proce isre I i tipl.e singl.e stranded DNA [ .acenent

B r odu its s \?\,h iC ﬁﬂger %%ie‘ﬁg%,baﬂ% F‘g e%ﬁﬁ?ﬂ’ms éﬁ"gllg‘éﬁstpﬁén?th%@f the @Eﬂ‘i@s ﬁp drventigme

singfe steapedicOhihltiple eopies BEasRNR ﬁ:%adct%hiw(ﬁoﬁé TSR0 W B dGbaInRl the

i sothermal |inear anplification nmethod are rea by®any of

many det XMW met hods known in the art. Various honogeneous or
Stranded nuct o it el R eliCHs i Sohtygp padf HegaposimaRr g
i dent i f i CBYQ oligtnpucicotide, DN Agrolyierass, ridonwlEE sidhts RNasg®, a DNA dependent
RNA polymerase, and nucleotides, such as deoxyribonucleoside triphosphates (ANTPs) and
20 ribonuceoside triphosphates (fNTPs), in a reaction medium suitable for nucleic acid
hybridization and amplification, as known in the art. Suitable reaction medium and -
conditions are as described above. In one embodiment, transcription is performed at a
different temperature, generally lower, than that of the preceding steps. In another
. embodiment, all the steps of the methods are performed isothermally.
25 In one embodiment, each amplification reaction includes composite primers of one
-identical sequence. In another embodiment, each amplification reaction includes a mixture
of composite primer variants, wherein the variants represent two or more homologous but
non-identical sequences, and wherein all are capable of hybridizing to the same target
nucleic acid sequence. The homology (sequence identity) is preferably at least about 50%,
30 more preferably at least about 75%, and most preferably at least about 90%. Advantages of

this embodiment include the ability to introduce different sequences of interest into the
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el ectrophoresis, or by hybridization to sequence-specific probes. The
detection of the anplification product is indicative of the presence of the
target sequence. Quantitative analysis is also feasible. For A ﬂmﬁle, by
conpar i ngVORE2WBHunt of 25 product anplified from a test PERMWSIARSHENt ai ni ng
an unknown anount of a pol ynucl eoti de containing a target sequence to the

pr oduct of a I fi.catiaon of a reference npl e at s a knoyvn quantity
Fiier & ﬁ!ﬁéemmcg

of a pol ¥ X{phsion poducts, In et qeo pents HADIHH of target
Sequencemdludebﬁxﬁxﬂﬁkcﬁﬁ&}hﬁoﬁ@ riffers SYHRE %Jéase @P@ghm& "Hrth?eH@& hods of
the present invention can als0 be éxtende to anal ysi's of sequence

al t er at i ddentical sequsgaestbatage of lcmher 180hdmolggy, and wtheteain e piunﬁtslfp&felen%idIByZOOS

WO 01/ 20 U 04 Th roducti on of | east | east 10, at

| east abg‘ﬁg ‘56?) ‘Eﬁ%"@géfg‘?m&@t’g equences aﬁ%fe%bﬂtes slooe ‘g SemedaieShpaut

107,5 at hedeic a@ﬂpéﬁtanao%dv%%%«%%?'ﬂu@gﬁb%dxﬁ%gxncﬁlggﬁhﬁﬁ@% tldﬁ%uﬁf of each
e can e

copy of tenpl ate pol ynucl eot e expect |ng to at | east
1, at | enalysigof target nuclsic aciis thmtIgh amplifiddion of aplurality of sivgettnudléis,acat | east

about 107 al . Ieast ‘6‘3 .at | east about 10[err]-fold enhancenent
Wi th resﬁB% B g%eggﬁ@f °Pé?ﬁ5f‘8?e pol ynucl eoti de. Enhanced i near

anpl i fi cati onJy gadletbodiniehit, #RTESO mu%p&%feﬂﬁ% iod E‘v:ﬁg@ﬂce' AR PROVIQR a8l SO

provi des nethods for anplifying a target po ynuc eot equence
wher ei n Prepremepler $¢quangs: do apothexembodiment;, thierTSQydedsaos eompnsaerpxepmmoter e.

sa se art.AIfcatonoftar ei c.acid acgordin
£ o Rt g, 18 hi fifobirdnlT? bpbrGiiEatvense bravie ospararly by abdiher o 9
anpl i fi cahgmalbrodde;(shcl@ asRPTO), et Ecthfiedes a PRehréMR sajuRnéNridGiB hybridizable
ol i gonucl e&qefs é[TSO) -related portions, provides for coupl ing of the
| Bg

li hear af® jogp tﬂaFPrﬁraﬁrs@ﬁtmtqndnoéwh@qbdmt@nsm@ Bie nrimeer

hybri di Z@Heﬁ’ﬁox?hr&dﬁ@téhﬁ Jdegupl ate switch ol i gonucl eotide and the di spl aced
primer extensioh product Is a substrate for transcription by the RNA

pol yi nrer ase, - wihe singtecamposite pnmla\m@hedlsa themhytirhhzemrthe samestmda:f titehe

{ t | at dt t
acdr o nBRSe p iR B The b plifablsation maibeida ﬁ’ﬁc Pl ext ensi on
product whdpested Wf"@dhtﬁl)iﬁfg' tHe A6deic Ta@idttﬁk?e RS ﬁfett%rggpﬁlﬁﬂé?c il Q@Mﬁﬂaﬁ&{ i de

forns a conplex, whi s a . e for yrrerase in
“Met hod 185teph Hybpdxze@@rsoff Ge e glngcmwtmpdmg tlm‘tatg&estrandrreadtsamﬂiel fbmmtomon to

transcr | Bﬂh%']n J&lgclﬂ&oc%%ptléxofaogmgﬁﬁta. ably at | east about 1, mor 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 the tri
molecular complex II. The last comprises a target nucleic acid, the TSO and the first
primer extcns_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.e., sequence complementary to the unhybridized portion of
the TSO) . _
Complex II (Figure 2A-C) isa substrate for both an RNA polymerase and a
ribonuclease such as RNase H. The DNA dependent RNA po]ymerase binds to the
30 functional ds promoter of complex II and transcribes the first primer extension product to
produce a sense RNA product III (Figure 2A-C). A ribonuclease, such as RNase H, which
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preferably at |east about 50, even nore preferably at |east about 75, still

nore preferably at |east about 100, and nost preferably at | east about

1000, RNA transcript products from each prinmer extension prgdyet,.
gSHfngQSZr ably -

expect ed,“x(ﬂﬂ ading to preferably at | east about 1, nore )
at | east abou?zoéa‘ﬁ even nore preferably at |east about 75,PGKP$A0/26494 ¢

preferably at |east about 100, and nost preferably at |east about -

1000- f ol disspéificfirdesradtidh GFRAPRNA dfaf --zé-fmpi '

met hods of, anplifi ca%?on. Bel ow ar eSt%aqv\l/(c)l exe%ﬁ%ﬁ%&%ﬁ% S. l%d%gﬁ%e

01/ 20035 3 PP fAbo primerextosin pedoc iveompléx T iSforaaket polkatlaccomplagar
nucl ei c aﬁ}d anplification In one enbodi nent, the TSO based | i near
anplificati'on method of the present invention is linked to transcription

f h ey r >N L _ . by
Bl LT car] o h SoRDee bt By biidizk oA O ife: CHIBRRHacy AR A Br¥h e hoo,
I\/ez E%g 1%11‘40!@1%1}@% sompley Ly iéFxgnse(ZA-n)e lmm' &i_ti?mdsaljt@hﬂmhﬂatwgmﬂ fi g atdi on
me (0] (0] o) 0oysS ,a | composite I ner asS descCril pe
above. A %o_e oeh)éd{}\clglE {%‘5%%}%%53{‘ i"%i’édu_%‘a& r'}?erﬁN ) i gf:p@rglly die S’Mih@@ﬂip_ﬂl, ofie

i nvent i onthé primet BIHYbAUReS VY the farpbt sGANY D @Mﬁeﬂﬁ@es’%&gﬁgﬁ@gﬁ% bed 10

above. The,anplification nethod of the 1nvention enploys ng

enzynes: PRIMN&XtHsion pradustby therd’ B podiomenfahe harsiallRhigtsridiztd prileraviliNA
dependent,, _ Ih cl.ei id.tgrget o be amplified can be
oA or R ARERATR BT Somplel T Beute SRS, ik 5 sbgiratorar e cona
synihesi spolymerhseo\Exténsidn el the priméF doRe e Eﬁ@eb&ﬁﬁlg on Fggﬁgz }\i@e,@ﬁhs in

can I'ple

anplifi ca&.%ﬁn et hofd o% t he present invention | pt oduce ‘mu
copi es ofISHiAcENRIthe, tirst Reimer exfension product from ¢leg canapléx R epeatpdtprinhéd

sequence.cx@ﬂgioﬁgm@ggg@:%gmgﬁg%gp?%%g%a}gi T@P onbined with the ..

conposite priner, a I 'gonuc SEPISSPhonucl ease such
as RNase RalyniclenlidesdhasadeatilcasRbubspatiylircansiementin octhe Girbst S clefi el 2

Cr1 phosphat s (TP e{ERSGR pEket SHhermict 1 AeseredAoevs brospds elcenples
% 3irsu<r1ni : ﬁfj@mﬁpﬁbd itiRlenfiodithd Wheftin T8O/ Mal Rniftfseh broprothbAPiubeagt i on
provided. The displaced primer extension product (VIIL; Figure 2A-C) hybridizes to free
TSO oligonucleotide to form the partial duplex IX (Figure 2A-C). Complex (duplex) IX
comprises a double stranded portion at one end and two non-complementary single strands
respectively derived from the primer extension product and the TSO. The double stranded
20 portion of this partial duplex contains a fully functional double stranded promoter for the
DNA dependent RNA polymerase. The last binds to the promoter of the partial duplex IX
and transcribes the primer extension product to form multiple copies of a sense RNA
product X (Figure 2A-C). - '
The products of the amplification described above can be detected by either
25 homogenous or heterogeneous detection methods, including identification by size and/or
migration properties in gel electrophoresis, or by hybridization to sequence-specific probes.

The detection of the amplification product is indicative of the presence of the target nucleic

acid. Quantitative analysis is also feasible. For example, by comparing the amount of
product amplified from a test sample containing an unknown amount of a polynucleotide
30 containing a target sequence to the product of amplification of a reference sample that has a

known quantity of a polynucleotide that contains the target sequence, the amount of target
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conditions are as described above. In one enbodi nent, tran;crA tion is .
performed at a different tenperature, generally |lower, th A alll%f t he
precedi ngvebemess | n another enbodinent, all the steps of pthRciishRds are
performed isothermally. 25 In one enbodi nent, each anplification reaction
i ncl udes conposite prinmers of one identical sequence. In another

enbodi mefequeecin thevissti sample ¢anrberdeterniined. | Futherledersion oftthe gew afplificyioai t e

primer varl , LN the variants represent or nore  honol ogous but
non- i den?(lE Ec"aiqytg’gﬂ#gﬁ%&s,cqé{mfe\ﬁitﬁ 1°Haé‘plsg%‘f‘e§°’8&ﬁg§§éaf6fet ¢ #1d arecplsay t he
sane t ar geksibld) s Hedcab@rbelowequence. The honol ogy (sequence identity) is

preferably at |east about 50% 30 nore preferably at |east about 75% and

nost preferably at | east about 90% Advantages of this. enbodi nent include
t hecabi l i ipiroduce different sequences of intgrest into the 46 3 1
AUGSZOOSHW%/Q%S%SWF%B ﬁ'&ﬂ"%l‘lle%ﬁ’%%"éﬂ’gp oBducts. In yet

anot her enmbodiweidther @RMBBdRABHL the Rickerscqdide tated 1103t MHFRABh He‘ﬁ(olﬁ

conposite primers, wherein the primers represent two or nore non- enti cal
sequencedhapasensinyension|iplinked todranseniptiomfrom it primereixtension ppoducerts

f'erent.j gk i dize to, diff t t | e i d
G £t or onpraidelennd nUbER ool Ahpliiealion: TR AematasnndS i iReR Advant ages of
this enbantiplificétion)\Methdd 2ywhidhdds n@?fn@ﬁwe%ﬂeﬁﬁﬂfe‘%rwitc?%fég}’ & sho@h if) RIS

nuibei-c cids through anplification of a plurality o get nuclerc acid
Speti es PA-R: si ngl e anplification reaction. . In one enbodi nent, the TSO

o o he o, AP RIS DSUERS BRI B, 158 Mouhl TR RazgRN
sequencea blackertequanch oatiprent whidhi i8 RIdTRInGSligoREVIINGE of Gn BligyRRStgEPar at el y

by anot her .ol i gonucl eoti.de, such as a PTO, that conprises a propronter
sequence®d ’i@“ﬂbﬂf&%‘f“ﬂ- %bovFo‘s&H'éh@ablﬁ)tPthbﬂdlé? o ;8eqyengean the saR| on

e st ngl o aanoiie AR bitedihet phigs HAbind S RSIEBRIE UpIShAEdH], POTL"
of 1¥he ~tesnlate (RT@), adiich, avdeseriberpabdviecchmifiies & dd-pottiogovhich isableles may be
o the t Byilfas G R4BR" GorableRlenfiril 0 i Sk i Srmacadiegsionne. tup
ol | gonucproduétciad at-potion valiigl inchidcB 3 iek S5eHd Sseyllrcl e A ProbPfor aBNANE L1
mol ecul ar conplex | (Figure 2A-C). A DNA. polynerase carries out primer
ext ensi oficpen m polymerase o Asdn e TSO dlescritied above, the sequence immediately
adjacent to the promoter sequence is designed.to provide for preferably optimal
20 transcriptional activity by the RNA polymerase used in the amplification according to the
method of the invention. - The blocker sequence component is designed to hybridize to the
target sequence at a site which is located upstream, towards the 5’ end of the target, relative
to the site of hybridization of the single primer. Stated alternatively, and as described
above, the blocker sequence hybridizes to.a segment of target nucleic acid sequence 5° of
25 the position in the target sequence that is complementary to the 3’ end of the primer
extension product. The blocker sequence binds with sufficiently high affinity so as to
_ block primer extension at the site of blocker hybridization to the target. This feature
provides a strong stop for primer extension by the polymerase and defines the 3’-end of the
primer extension product.

30 y - As in Method 1, the target nucleic acid for amplification according to Method 2 is a
single stranded DNA. When the target nucleic acid is-a ds DNA, the target is first rendered
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20 target nucleic acid strand of conplex | (Figure 2A-C), up to the site of
TSO hybridi zation. Tenplate switching fromthe target strangy e Z@He 5'
unhybri dimlm&tsi on of the TSO, and further prinmer extension al t he
TSO tenpl dte results in the formation of the tri nol ecul RCTEHWREW 1. The
| ast conprises a target nucleic acid, the TSO and the first priner

ext ensi onsipgledttaided b dehdtiatioR! THe deRatiugish Bf‘th? O PHEA tdrget%%e%ﬁi t
conpri si ng 25 both a target dependent portion (i.e., seguence conplenentary
to the taPybeatinger éﬂho%ﬁﬂ@pmmdﬂ@dmmdémdmmsuqhmstallaﬁ tfeatntent. Wignence

I v By d ' f he .-TSO) . Conpl LI (Fi
2a0) 1o Seepenbi WRHNE, SRR RRENR) e i bversosgibIted by Such ac

RNase H. mbthoBNindiapirtient tdPrddaet ¥ BPNaSabis Mikh dnthiida a@&rﬁfg\g% fnal ds
pronpter of caonplex Il and transcribes. the first "prinmer exténsion product
to rodudethed of thednvemionr oduct 111 (Figure 2A-C). A ribonucl ease, such as

RNa H, whi ch . 005 WO 01/ 20035 PCT/ USQ 5104 i ecific f

degf:dat i onI gfﬁ#ﬁ%‘%ﬁ%ﬁfﬁﬂ&" 1€ %&Wﬁ\ﬁﬁ eé’r%é’ieé%‘,gl‘ldé‘ﬁ;&eﬁglg !tﬁe O[‘a'
ti rirfy bl ' ' | tri
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nol ecul ar .conpl ex 1V. Free conposi zes t pri mer
conpl emerfikguucleasesugh as RNasellge DN A depandeitRes ipdlyimerasepgidenuclédtides, suche

2A-C). Thy idi ' in f ti f : Fi 2A-C
T whi b ST e RO T B s RSeFBHL R Megi? [T BEable faroR b pr i e
i s Hybri dneditm andtcorditionsgat as desthied BbGRl BLARRAIboAmEMIANS trafiRBibtiGP]st | on of

the priner.extension product by the 3' DNA portion of the partially
hybri di zé&"{ﬂfﬁ“ﬁ@ﬁ W@-Pfr’gﬁ eqneratire, generllyi lowew thapdhasiof she\pregading steps2fa C) |

whi ch i S ghoRtiep ; eq\tlén r . tensi op of .the primer along'
t he target strgﬁﬁl&e?galé%ur %%%?@é@@&??%qeﬁ%nmiﬁ?@gm t of the first
pri mer ext ensilorongembodiment, each hmplificgtionteacBon idwids Roipbite RIMRH6T Ges and
strand diiﬁ?&tgﬁ?&ﬁms rfsul i n generation of Itiple copies of L

pol ynucl eot' des that a Dea'%f{th?ré’é‘gio_ gé‘ﬂ?ﬁ‘t?ﬁ’i‘?ﬁ‘l’ cationrastiendeglydes g miture ar get
nudlei ¢ asflodmpGbiee prithervariguds SRRLreih BE 9idis RERSIARD oPhoHPRGROIE ve Is
used as a tenplate for 15 transcription in the e odi ment erérn TS0 that
conpris e@%“ggﬁﬁﬁbﬁ?ﬁﬂﬂce% and avheeein all apy capable of hyibridizing (0 the samp targetr

ext ensi onuR| - , Th QUL E12A hybridizes.to . free TSO. .

- ol i gonucl eotéi?‘g%&} %éq}%ééreﬁ {Iﬁé%&éﬁl?@i (‘;’é(iﬂ??{‘é ‘#‘3@(&%’5‘!"%“’%&%}% 2%,

(dupl ex) rhote 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

20 primer extension products. In yetanother embodiment, each amplification reaction

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

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

30 .As in Methed 1, a ribonuclease, such as RNase H, cleaves the RNA portion,
generally the 5° RNA portion, of the single composite primer of complex X1l to form
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conprises a double stranded portion at one end and two non-conpl enentary
single strands respectively derived fromthe priner exterdsi it ggpduct and

the TSO witeyzossl e stranded 20 portion of this partial dgprfRie Al Ns a
fully functional double stranded pronoter for the DNA depen@ﬁésn(tgﬁ%m

_polynerase. The last binds to the pronoter of the partial duplex I X and
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of targety; ) CT/ USQ0/ 25104 gequence in the test
sanpl e cgﬁsﬁgag%?gy%&%ggéfﬁdﬁ h‘ﬁ(l\af ’é&?éﬁ@ﬁéﬁ (FOBPSIFDALE fp BFY qvsnsh andret hod
to anal ydoes mft comprisncs ald pirion Whick 1§ nsESIHE] 'ék&at?f . leic

aci g are_al so fegsi g{gg aslﬁ):j,escri bed lrolel OW. %Ihl\/e.t ot?itﬂget?}éagc 'éep}éa%

sedqfence PHICE eXteriions@ad stand displagements rasnit in generasion of multplh copiesrabdi ment |

t he bl ocleglyniQebtRIR | ta@niBl. ' ' Jethod of the present

i nventi ork?eiyé1 i nkegﬁ?gﬁt%?g)rl#sdégﬁgé| n ﬁ%ﬁﬁégﬁ?‘?ﬁ%‘p' extensi on products to
provi de. enhadbegromatértemplate dligomicleotida(F'TO) biddy to thé displacdd exterihanced

St op. i s DERytHfo f5 o BeiopIEK X Figsle dhr Rbcbyamtrizaesof e 33 PRPerien éhbsi ¢ o
T ah 5o e ot U flaccd e S heid BHREE AT s
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Tt PEAAE Hg  id  oBRfel imhent above
. conpr i seprimeBextensidn jrodudti The 3Serrxfahd displaced product will be extended by the
 nucleotide (DNA) polymerase along the B portion (see Figure 3A-D) of the hybridized

propromoter template to form complex XIX, which comprises 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 hybﬁdization of a.promoter template in which.

the 3’ end is blocked for extension by the polymerase.. Alternatively, when the 3’ end of

‘the promoter template is not blocked extension of the 3’ end along the displaced primer

extension product results in formation of a fully double stranded complex. DNA-
25 dependent RNA polymerase will transcribe the extended displaced primer extension

product of complex XIX, in both forms (the choice of RNA polymerase must take into

-account its capability to transcribe from a ds and/or ss DNA template), that is to say either

the partial duplex or the fully double stranded duplex forms of the complex. Multiple

copies of a single stranded RNA products are produced by this transcription step.
30 The products of the amplification described above can be detected by either

homogenous or heterogeneous detection methods, including identification by size and/or

D
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hybridi ze (and is preferably conplenentary) to the 3'-end of the displaced.
extension product and a 5 -portion which includes at its & (Kbri%ds@a sequence
of a. pr ter %’%r a DNA dependent RNA pol ynerase. As in the 08escri bed
above, th soé&ﬁ ce inmmedi ately adjacent to the pronoter HIfUNLE104 s
designed to provide for preferably optimal 20 transcriptional activity by

t he RNA py -- | £i ' di toth t hqd of
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pri mer eXde§i ' : nd dektd nes t.he 3'-e f the prinmer
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anplific anvmoamalsbfogextenwtmda@siis@faeq&hwmr&idngaﬂ&sbqi?%i%w the

t ar get ng%le'c cid.i,s a.ds , . the target is first rendered S?LAUG
2005 WO ﬁﬁ%’%ﬁﬁ&?"?@%@@“ﬁgl e stranded by denaturation. The
dengguration of the ds DNA target may be carried out by heating or any
ot her known net hod known in the art, such as alkali treatnent. \Wen the

target nd¥pilpds using thesaraplification maBodsiin, conyositivng of ticinbéritin T ever se

transcribed.b s, known in the.art to produce a ¢cDNA that is then
anplified ac c??‘&iqﬁétﬂﬁ% %"ﬁ@%‘%‘ﬂ%@ﬁc Prfsenti¥sntiop Gan by used; fags sariaty afided

nucl ei ¢ purpbsesarfripuiposeénsttiilasthtioh! Methbds of RS ' .5 he
bl ocker co‘ggone t, the propronot'gl’ t.gnpl.a?feﬁﬁg%g)&ggﬁid %‘o| %/ﬁ!r{sdrcg%ée,am&
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- above. | sequeacesrpodéscehed. the transcription is performed at a different

tenperature, generally [ower, than that of the preceding steps. In another
enbodi nent, all the steps of the nmethods are performed isothermally. In one

enbodi neléathetiahscatiBhdidd SMEd hEAEHK a8 thifels 4RfR: GO TROS shipHchiiSy Siefiba ONe

of the invention a

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

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

30 which are suitable for mass spectroscopy. The label may also be a small molecule which is

a member of a specific binding pair, and can be detected following binding of the other
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I dentical sequence. |In another enbodi nent, each anplification reaction
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((:orrpl erreHI’I‘gI‘Sg RrBII%ﬂII‘FE Sg%?‘cﬁ?é%&@n&gﬂ‘eqw i o ’EﬁIﬂS‘r‘l"@éa%chy d
portion yéljedatedrothé bindg! RROBIH Sich ds%.étnﬁlabae&leﬁammm&t& {a¥fin

ext ensi ons and strand dlsplacenents result 1n generation of nultiple copies

of pol ymmugas@d 9ean angyme.a ke kbelis dmmedby theerziimatic agitityrofheenzyas, d.
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 qut__exther ina.

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 practlcal - _
considerations readily apparent to one skilled in the art, such as the nucleotnde tri phosphate
analogs and/or label used. Thus, for example, when _ca_t_ch of the analogs is differentially

25 labeled, the sequencing reaction can be carried out in a single vessel. The consider_atidns
for choice of reagent and reaction conditions for optimal performance of sequencing
analysis according to the methods of the invention are similar to those for other previously

. described sequencing methods. The reagent and reaction conditions should be as described
above for the linear nucleic acid: amplification methods of the present invention.

30
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The pronoter tenpl ate oligonucl eotide (PTO binds to the displaced
extension product to formconplex XVII1 (Figure 3A-D), by hybridization of
the 3" end portion (A) of the propronoter tenplate to the 3 end of the
di spl aced primer extension product. As 15 described above, 3th&G3200End of
the PTO ngp olpeodds ocked or-not. When the 3' end of the prQRriyaHdsheEl €NP! at e
I's not blocked, the tenplate will be extended. along the displaced priner
extension product. The 3' end of the displaced product will be extended by
t he nucllsethermal segyencipe pfdefingd augleivarid tarpds psing therenhamwed Binearr e 3A- D) of
t he hybridi zed ..proprLo to . form conplex XIX, which conprises
at its or%‘g&'l‘-é.ﬁi 38’““8&“’50 ) bR iyention e utilized by the DNA
dependent RNA Trahtfiptios B indhwhel ' ! | EHaI it he
product of hybridizati Onasg]@@?ﬂgrﬁgm t‘%srsqiee‘arp éfggéléﬂb‘gsntﬁbﬁ#e?ﬁgﬁ%%éﬁg cliil's
bl ocked fads P&)&Seﬂéﬂéﬁiﬁ%@,ﬂ@ﬁ?&oﬂ’hmmn ofANERsrantlogs; Iwhicininap bt kebeRed end of

th : te | t b ked [ .of the 3" .end al th :
i < acoqutbelEf i yboh BieBporstin it st Cafripstlvab tamictios AR doubl o
st randed polyfidrivatioRhthe 2e 666 Rgite M@aih\m@édqﬁﬁamri@iﬁaaﬁeﬁ flektRls Wit f

ext ended di spl aced prinmer extension product of conpl'ex XX, 1n bot or s

(the choifé®ilign praguction pfitsunceted RNA pradhects, iwhich eesalbfrom blockingpfthe RNA/ t o

i / . late). .that i jther. th
bartial dohmdRd R Mnclod3ioh of CEMARES SuIRBN D HRIGE AOCTB ox
Mul ti pl e theami Ehe Dist dre Sicogporated bppsian tﬂ%tﬂﬁl@ﬁﬁﬁtfhﬁl micfeolide 8H aRAdidadel! S

transcription step, 30 The products of the ‘anplifi’cati on described above
canthe d&xiasion perdust infhe relovgntepmplexesmccording toghtmethod msed:ddetbod et hods,
i ncl udi ngyeglgady fication by. size and/or 51 3 1 AUG 2005 WO 01/20035 -
PCT/ USO0/ 25104 i gration properties in gel electrophoresis, or by

hybri di zat i on Amalysisiefthe pastimcproducty fartthes elucitlationlof qtiéme inforrhiton is

amplificatio roduct is indicative.of the presence of the target nucleic
agPd. ngﬁ{rfe?ﬁﬁt\t}gngﬁgx 94 é}dqgar'zfpé%f'?‘@ﬁ’gab nqg} indheaeb §P°1b‘}‘c8‘8ﬂi)ari ng the
amount  Ofinclide@ise debitbddiabsve for S8y wenkRplof FRARLENENIL 8éid 1d1eUsilf ‘ﬁ%?‘gﬂ;uct of

amount ~ of a pol ynucl eotide 5 containing a target sequence to
anpldi fi c{rerrenhsnced)liscaramplificationmethiadsof thesneentionown quantity of a

pol ynucl eoti de that contains the target sequence, the anpunt of target
sequence in the test sanple can be determ ned. The anplification nethods of
the pres®NA potticaRbased isodxanﬁil&@utb&o@dété&ﬂﬁ%ﬂl&in@ @E )iﬁugﬁﬁeitioi%étﬁad‘sedf

al teratl%qs, and_ sequencing o e arget nucleil c acid, _ [ bel ow.

e Invention

-

The unique properties of the composite primer for use in the isothermal
20  amplification methods of the invention provide the basis for an isothermal method for the
detection of defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid
sequence. The method is useful for genotyping, detection of mutation leading to'drug
" resistance and the like. These methods are applicable to characterizing sequences in a
region in the template strand which generally hybridize to the RNA portion of the -
25 composite primer — hence reference to “defined” mutations, which are defined in terms of
their location.
The target nucleic acid sequence suitable for the method of the invention is ss DNA.
However, preparation of a ss DNA target from a ds DNA target or an RNA target can be
carried out as described above and known in the art.
30 One embodiment of the method of the invention is schematically illustrated in

Figure 4. In this embodiment, the RNA portion(s) of the composite primer is designed to
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10 Methods using the anplification nethods and conpositions of the

i nvention The net hods and conpositions of the present invention can be used
for a variety of purposes. For purposes of illustration, gatAgdggsof
sequenm oﬂgo'a yping (nucleic acid mnutation detection), mcroarray
preparati ﬁstt; the anmplified nucleic acid products 15 BEF@F%V’@EIO%y t he
nmet hods of the present invention, and characterizing nucleic acid

sequence beabmpitesntirp R5the S6RICNEE BPhe 169 44 nga'ﬁaelewacﬁ@fn'méh HePr&eficd6t £
targets. using the |1near anplification hod of the invention 20 The

| i near i. §9ﬁu¢@¢¢rﬂter@tmﬂ i W&Pactpdmstm&nlttmaﬁvetyh&xelmmtcomprlmamméAul for

I f def I d 0 Th
Ceanenci RIRILBIAE SoipH ﬁﬁﬁ%ﬂ%’ﬁ?@g”“" &s’é‘@'rxtaﬁtﬁﬂ“ b SeRis (O

H

met hods  @gamplebs dild érit )3 Qﬁﬁr ur al
deoxyri bonuchotldeQ{ﬁﬂg%osg ates ( NTPs cgtt:@i'gﬁﬂg tt?sed ? ﬁﬁclﬂ%
anpl5 f i c4e berompared dlnsoosretbagimentshe pltered sequencectisi, thre, seqhmcs eqmpnsmgg .

reaction m Xt u cuestheap cleotide tri hat e
anal ogs, \%%ﬂ'éeﬁcﬁﬁgerﬁtéms} Pﬁ‘%g}ﬁ 1& r?)‘?"ctfﬁﬂ':‘fg’@ P&c?“ateﬁ'aﬂﬂﬁﬁme?‘ﬁ’?&e 'I"’Et“i1 hinto
a prinmer balshipié Micldutiad Hﬁﬁsuﬁitfd?n?h defeﬁbﬂbf‘ﬁkbﬂ@noﬁ‘hé‘h'ﬁé Seljhce alteration is

pol yneri zation. Such anal o)gs are commonly used I n other sequencing nethods

and are wehematicallnmarkediby Xin Figytech as di deoxyri bonucl eoti des. They may be
| abel ed, e.g. o] IS e l.abel s | so be
| abel s 30 whi OB aét@exiég’xh%&@ﬁ%(tf g“?méﬁg‘b%@?) 08?8 ﬂ%p{l%gs dﬁﬁ‘ﬁxﬁ‘f@o be a
snmeld rTD|&®UhipldM’dn€ﬁﬂy tethe alteiedRequente Suspeed fd ke M‘ Othe edst tar%@ﬂu@l@i@ be
detected fol | owﬁ&g ndl g of the other 52 3 1 2005 WD 01720035

PCT/ US00/9i} (Bat Eﬂﬁ%’ iqomeprisenan RY Aopertion(s) thet eemprises Bn and

trept
 Con Ugat Eaaed fa08 %ﬁ‘éﬁhﬁ t e BB R Bl s o BoBAHnRR o
si gnal t It refeyencs sbquedet €fot echnkgle,raatzﬂd) typeseqienac) against which the seﬁhemmet ry

o TSGR LS 8 GRS B ot ™
POI Y3TEr & e, Al séduicS: doyiisiy d Sigubiile alIRATMAI\HE k&@&n&@?e_?h@ﬁ&%e spquence.

The resulting truncated extension products are e accumul at ed

mul tiple di splEedNppprion, ssacelby %Mm@@momqpomposmgumrmns@sag to
e ot 5BhuchBE AhRATEL AR GRS lndWiFn SR 8583 typd NeflentcE S Ml "

‘various. Sé
mutant or a polymorphic genotype. Generally, a suitable composite primer comprises an

RNA portion that allows the primer to preferentially hybridize to a target nucleic acid if the
20 target nucleic sequence comprises a sequence complémentary to the RNA portion of the.

- primer compared to if there is a mismatch (i.., the primer has the mutated sequence and
the target does not, or vice versa), wherein the target nucleic acid has a bound primer. ..
extension product and has had its 5’-RNA portion cleaved. As shown in Figure 4, the -

. presence of sequence alteration does not generally prevent the initial step of the

25 amplification. The composite primer hybridizes to the target sequence, to form the first tri
molecular complex, and is extended. A ribonuclease, such as RNase H, then cleaves the
RNA portion of the extended primer of the complex. While it is likely that the presence of
a mismatched base pair will affect the pattern of cleavage of the RNA/DNA hybrid, the
cleavage is nonetheless likely to take place. The next step of binding of a composite primer
30 to the complex by hybridization of the 5’ RNA portion will be inhibited, preferably

prevented, by a mismatch. This effect is dependent on factors such as the size of the
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| ocations of a conplenentary nucleotide on the target sequence. 10 Analysis
of the reaction products for elucidation of sequence information can be
carried out using any of various methods known in the art.bﬁﬁggﬁ nmet hods

i nclude gel electrophoresis and detection of the |abeled ag5ng
appropri ave 03ea3ser, sequencing gel el ectrophoresis and getrasve/esiopt the
radi ol abel ed band directly by phosphorescence such as Ml ecul ar Dynam cs

r eader, ilJar | ectrophoresis adapted with a detector 15 specific for
the | abeltizng pligapaclen & qnithe shineeney ofithe reagtion caadisioncBhese fastors erea

i gand f EMaTE el t & LCh- LS . . chi , el in
coni nat | SR e Rcucaien o e Ashotie BB hebSigi b R b lechell Riuf iy

bi ot i n- | avatirelircthaiart. tds aiso possible ticht slie Mpvnaicwill inkhidit cl@sigcofithe RNASNZYNE.
The | abel isg g‘gtgﬁhed by the enzypatic activity of the enzyne, which
gener at esPHUgRELeL the cemBesits primessthys preventing the amplificatiog oftherfatest saquoncei n

the art, gﬂoﬁlgﬁpo%%ﬂﬁ? ﬁet?l&l th@ gﬁﬁﬂ;&@ﬁ wift festltSn forﬁ#%g@ce%{cg §rf El?é%&a?g g)ﬁ}l}ﬁc’e G

T) are carried out el Inglée reacti o

react i on Rb#spdrtiof ofithe priapt dasnesuling indowehefficiencyofdngslificdgon ypsreductibhe
choi ce of t hod 10 he used iibdep ndent, on practical .considerations

readi |y a‘btgg?s&ﬂ‘fpl’c Henprodnet dbeapability of the compasite primgetohybridize tojthet 1

hosphat @ %@r};}/ : f of the
gnal ggs f’tg:g&\lf'?t:c erenti al yaté@l@{?%a%xgﬁ?g?vegﬁelfﬁrthse%r%eﬁg?ggﬁ#g%%%.;bng%%ﬂge
ca(r:I ri ed odisplacensent 'm_lrgpmd:cmkmeif.mﬂltilplemop?is dE tiretaneplificafien prolmits:. elt & Irea_gent
and,reaction conditiong for optimal, performapce of sequencing, analysis
acc $¢ di ng“ngrsg?f@d‘h@tttﬁﬁgge‘iﬂ°nt‘ﬁlém?tﬁ9@ﬁ§¥ the “&?‘g"‘gﬁ ‘Pf{q‘%l’fgfﬂt FWSgté‘“f en tty9t her
pr evi ous| pasedlo absehwor%ﬂeseﬂe&bmpﬂmkha&&miﬁﬁanw@aﬂcﬂﬁgﬁ of

condi tions shoul d be as described above for th nucl ei
met hods AMOYNS of peovatplatedprimer exiensim prodect Fotexangies wheotix ¢anagsite

PCT/ USOO/ﬁrﬁé A&:n’ngﬂf e I, efined.nucleiec acid targets using
t he enhance er I n arS@gl%fF%ng%%ﬁﬂ%e@%&g‘wpfem@;t@qﬁ’ @ﬁ&“’i}’“"&"f he

i nvent i onmuitation @ a prged strivabmay a4 46 n6 idegctable apiplificaticil prodaas; altbedtively, f or
exappl e, . asaﬁi t., al PNAS, 25:3455.- 3460, 1998. The inclusion of rNTPs.
analdgs, \?H}aé e‘ﬁﬁ)‘? dgtectablearodugts, put ksss than thase pepducedsfrom gdemplatestigsd at i on
into an %&dtqﬁ@ﬁﬁ{agﬁ,ﬁeffects term nation of rNTP polynerization in the

reaction mxture for the enhanced linear anplification nethods will result
in product i on Bhen therompoditépimpr catnprises anRNA portion] genkratipa’ RIXAng of the

‘portion, that is fully complementary to a mutant genotype, amplification of a sequence -
“which is of the normal genotype will be prevented, while a mutant genotype target will be

20 amplified. Thus, in this case the detection and/or quantitative detérmination of multiple
copies of the amplification product will be indicative of the presence of a target séquenée
of the mutant genotype. For example, parallel reactions that include either the nucleic acid
sample of interest or reference sample of target nucleic with a wild type sequence could be
run. Accumulation of more primer extension products in the former compared to the latter

25 reaction would be indicative of the presence of a mutant genotype in the sample of interest.
Alternatively, when the composite primer comprises a 5° RNA sequence that is fully
complementary to a normal genotype sequence of the test target, amplification of a target
sequence of the mutant genotype is prevented, and the detection and/or quantitative
determination of amplification products is indicative of a normal genotype. '

30 Any of the amplification methods of the present invention are suitable for detection
of mutation as described above.
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pol ymerase at sites of incorporation of the anal ogs. Suitable rNTP anal ogs
are known in the art. The last are incorporated opposite the conpl enentary
nucl eotide on the displaced 10 extension product in the rgf ﬂ@ conplexes
accordin (It’g ? nmet hod used (Method 1 or Method 2). Anal SIS ?

reacti on% YWY for the elucidation of sequence i nforma’c’ UH 90425 1(Ef‘arrl ed
out using any one of a variety of nmethods as known in the art . Such

met hods include those described above for sequencing of defined nucleic
acid tar gets usi ng the 15 (non-enhanced) linear anplification nethods of

t he inve t-nbdcotRl@bq,scd isothermakmutatiemdétectiom utitiring the amplifieation methadslafzi ng
the anplifi.cation nethods of the invention The uni que properties of the
corrpositfl‘h YRIBIONt 5 use in the isothermal 20 anplification nethods of the
i nventi on proyh fifis H&ﬁuﬂ?ﬁic%o cﬁéﬁtﬁﬁgb??{éﬁalméﬁhgﬂgmgdyofh% fceCt | on of
defined mutations, or polynorphic sit uch as In a target nucleic
aci seq:mmus usei¢o cleracierizesthe peeserice foo nbgpane of p mugptedietieerice.on of nut ati on
| eadi ng u t.gnce, an e |ike. These met hods are applicghle to .
char act Aok GEmeR Ha Bicleatlle of Ui Somppsite RSt © SiereshRbcibty BRid 1

gener al | RtdidaNATHR t ?ﬁaﬁ {H&84rpet NENCE
ref erence agset:‘llﬁr?ggpc mut :it | ons%f‘?/\[/lnel cﬁag?tea!&g)l I ne @Pﬁg&%@g%@f of Fﬁtel r

| ocati on ml(ﬂh@ acid epntaingithesequence defmqtbe'rthe%mlomabjck:otxdc oil’:thecampm of the

i nventio S rati of a fro ds DNA
target o ngwr Wﬁpﬁé‘f a@%ﬁ‘%ﬁ‘gfgfegﬁ? l@'{‘}? top, OBZE%&FIA é‘ g:ag wn in
thejgart . tapet@ueletdiduid bﬂﬁﬂins @Ee?I cé@iéi‘%%aﬁﬂ@luﬂék\/& 'l@a'sﬂﬂe bﬁseSChermlt ically
illustrated in Figure 4. In this enbodiment, the RNA portion(s) of the

conposi t éog\plwtqrx tojthe; 3] meest nuclentidg of the sonamsie primen 1 deoftliy/ US00/ 25104

be conpl fant f |d |n whi ch
t he presgﬁﬁ‘{eéhg%g &s%%ﬁtg?%e g'Fh og‘tlo |n§gl§égégé@§%‘°q§5§é§s PeFnat i vel Y,
t he pri meeletionpf a sapieace séghenpaicompadsig the séquencpdéfied by tee3jurete that is
conplenentary.t{o the reference sequence (for exanple, a wld type

sequence)““g]ﬁé' t which the sequence in the test target nucleic acid is 5

to g conpar egn ohdemBEBInRHE PEhHHRE-Spectfiteprithts! &lighed tld 3"Gmost! e

seqguence conprising a sequence alteratlo anhd 't re erence sequence are
al | el es. nypleotidapesrespond todhevarigus wequences at the variant nucleotlde 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

The DNA or RNA amplification products generated accordmg 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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be a single nucleotide substitution, a deletion or insertion. The site of
sequence alteration is schematically marked by X in Figure 4. |In another
enbodi ment, the RNA portion(s) of the conmposite primer is dagsi ed to 10
be conpl enentary to the altered sequence suspected to be prebdbli 20k the
test targwDome3si c acid. Stated alternatively, the primpCTHSpRSI9Ees an
RNA portion(s) that conprises a sequence that is conplenentary to the test
target nucl ei and thus _is not conplenmentary to the reference sequence

(for exanpl e,c'ﬂlwméuqtyp%ﬂ\géiqg@mlpmédmpli tiom methodsdiNaadithe t he t est

target nyghel L. Jd . od| . ed
sequence%@qgﬁf&t %ﬁep 1@%&%@%&@@5 rié’> ﬁa?cg:%gﬁggﬁ@gf@% g?lsﬁ%%?r??%ﬁ% t he

r ef er encestandgdoongorniation|pobingtphisth {SSECNOr PSS CPPbased afigdtivhldgtebtioRNAsefar t i on,
of the conposite primer conprises sequence which. is caonplenentary to a

known norasghe B»Np‘dproslyﬁfeof%a@ﬁe@pli&auan rrasheds ismoba substratg fordusthesy phi ¢

Chat 4l | P PRaAan Seqferl ARG R BBARE b i BRI S R pecRA . LT
i f the 20presohgedf apentsoivhich eslue SeeodaP sttt Gires i ditlbiiplesttdded prodastary to
the. RNA._portjiaon of the. fprlmer conpared to if there is a msmatch (i.e.,

t he pri neFrapsesiptine-basadamplificationmethodsndescribed by pthers are sarrigd put igthe)j ce

versa), . ' ' ' t.ensi on

pr oduct ﬁg&ﬁgsoﬂﬁnﬁﬁgﬁ!%%ﬁ% C eafg’ﬁgﬂﬁqg@g%%@%f i‘gure 4, the
pr esence afticipatpdahatehebnlanedd kineariamplifivation emetheds of the presomt invbrtiomeanitel st ep
of the 25 . anplification. The conpqgsife priner hybridizes. to the target
sengnce, d'fqr‘}Hy h)‘F’#f‘ﬁ?eaﬂpF?g’catq mFansr%m ‘%&f‘-‘&g § %@&de‘éﬁﬂ‘ff”émé%f‘ended. A

ri bonucl %fgﬁ, RAESE ; gﬁﬁy t BYAh et he
extendedeﬁﬁnrrgr of .’t%ﬁg corrp?lgtfob\l}\ﬁt??g It @nll?%glo?/ tha?m?hﬂéﬁdgpgégﬁce of a
m smat chespepific saqhility pattern efithesingle standed (RN A produritsfor theeelugidation oftbe DNA

oY o v b R SaBRERRE S e Kokt ot B alsRir B bl "o
RNA port i gid ¥ dompeeed 0 Rifdréskbe natRicaicrR| y prevented, by a mismatch. This
effect is dependent on factors such as the sjze of the 55 WO 01/20035 3 1
AUG 12005t - PCT/ Metimds bassd anast P??%mgresqs g mmwgfﬁmf ﬁnn be ngfehfcyt ﬁf

e react 1 oReo5sh Ses¥sh '?zﬁiio . tg]% : sign o e
conposi teﬂl;g)riafrrer,- £aI%:&é'sc%‘rmJl;gng to ecﬂ%?iagggﬁ\%ﬁeﬁ?ﬁ nown éilr?gahrou%lgne in the
cart. It iAltemstivelpstistls likely thatwdeavagoof the sinigld stranded DNA beRNMAgsrodactt he RNA

" using nucleases which recognize sequence dependent secondary structures; may be useful

for the determination of sequence specific conformation polymorphism. Such nucleases
20 - are known in the art, such as the Cleavase assay (Third- Wave). The electrophoretic
‘methods are potentially more suitable for high throughput mutation, or genotyping,
* detection methods. o o
The determination of ‘sequence specific electrophoretic pattern for a given nucleic
acid sequence is useful for the detection of specific alleles of a test sequence. Furthermore,
25 it is expected that an electrophoretic mobility pattern for the various alleles could be well
differentiated, thus allowing the detection of two alleles in a single genomic DNA saniple,
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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portion(s) of the conposite prinmer, thus preventing the anplification of
the target sequence. 5 Another possibility is that the msmatch will result
in lower efficiency of cleavage of the RNA portion of the ﬁ] @EZ hus
resulting in |ower efficiency of anplification or productio P

anpl i fi c¥PIY2MB¥duct. The inability of the conposite pri WW%"’WB‘M di ze
to the target at this step of the anplification prevents further steps of
prinmer e . production of mnultiple copies of
the anpli stood that the detection of

mut ati on by t hﬂlmgwaaanaéd hﬁlerqcxsme ptoduaasm@rh&aﬂu&lac abid@tplifidatigsence
or presence, o ri mer_ extension pr OdUCt or quant Itatl ve caonpar i1 sons of

anount ofMmégth bi@)e@dﬁh? gehiangsd kinear gmphifisation metheds BMApdescribgten t he

Cype) . t e RPIE e ARRANG el A oA ARIVEENR shinBlalE A talcn

det ekt ablproduaed.i fi cati on products; alternatively, 15 it may lead to
detectabl e products, but |ess than those produced froma tenplate strand

wi thout the mueYefbiechnigues are wellcknonay indhe,art ferratiaghipg ng@lsxcanxdama pqhdt i on,

eneral | t
genot ype?és gsrr% | gﬂxﬁat [ %&kﬁ s%@ﬁ@gd q%&ﬁnﬁ&@hﬁ%ﬁﬁfeﬁgﬁeﬁﬁrg}é’% ype w | |
be pr everdoathin aridiety thatristcapiblg efiatachenenttodesolid substbtte, 2Uctoagdn drhigd grolipyis, in

this case éhe det e tlon, and/or quantitative determ nation, of rrultll‘%ﬁg
copi es of? el‘i’é(aﬁﬁ"p? W%%‘PFSFP"B%GB%@CWWPB\QW HBositiYe chargs; inte the e of a

tar gt smw&dpfnk%.ﬂrgggpg&c aC| rﬁgéetc% ssl.dQ@sswaieeL chgagtions.

that include either the I nt er es erence
sanpl e ofglmwbéc which isicoated w:theammldldxydy peawhcmmlve(gnb\q) which milk form a

Accunul atj o rimer. extension pr ucts for conpared to
the |att elpvglg&i'lé'ggc)w%bﬁw “a"@é‘"ﬁl’ tc'ﬁ?’f‘glge ‘é“éﬁeggﬁ‘f “éerrprmt ant
genot ype doRalefily stitathé®tothe pREESIRR! -OthéY :henhaaﬁ Isuéﬂ ysmmlﬁgm&e yit e

primer conprises a 5 RNA sequence that is |y conpl enmentary to a nor mal

genot ype Silicaasuelac e&hcwﬁryta@gglsg known in thesrt, ﬁs d&@b@ﬂl #f a target sequence
O L, T A O B AN bR S Gy o T e ve
genot ype.. 30 Ahgtaohinenhefgumpsl tbitleeprimer which@daldte lafee coriivesiedto reastévet i on are
01/ 20035 B0 Is86h PoTEhle Vaing FiedhdBknaRmin Beert; 487 RATHRETHIA M ORGeRRoc | on
utili zi nghé BEmp&HTHle! panéi‘Wlﬂ BedBiad'P41E ofthe single stranded DNA product of the linear
' amplifcation methods, which could then be attached to the solid surface of the microarray.
20 The amplification products of the methods of the present invention can be further
modified, such as through cleavage into fragments or by attachment of detectable labels,
prior to or following attachment to the solid substrate, as required and/or permitted by the

techniques used.

25 Characterization of nucleic acids

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

oligonucleotide probes. The identity of the probes provides characterization of the
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the invention In this nmethod, the conplenentarity of the 3" nost nucl eotide
of a conposite 5 prinmer is used to characterize the presence or absence of
a nut ated sequence. Hybridization of the 3' nobst nucl eotide of the
conposite prinmer to a target nucleic acid is required for priA¥er2005

ext ensi onWORn2ee5or e, product anplification indicates thatpdmigsobosiget
nucl ei ¢ acid contains the sequence defined by the 3' nost nucl eotide of the
conposite Briner. Reduction_or absence of product anplification, on the

ot her hantfauenegildentity o ﬁﬁ@W@@fQ%emdﬁmbjcxwolﬂﬁ@bﬁh@ﬂﬁﬁrt]}aoéféquence
| [ I QG ‘ 3.
nuct eot | qRmipHt pudiic e rBlent G Lantgl€ B Geq SEIRANRE sBiptehat M. aue « o

poi nt nutadid.on, single nucl eotide pol ynorphism insertion or deletion of a

sequence segnent enconpassing the sequence defined by the 3' nost
nucl eotide. 15 In one enbodi ment, genotype-specific priners, designed to

havegt he ¢g, g&qﬁéflswk@?@r{ﬂ%, ﬁfig'zpond to the various sequences at the.

vari ant nucl®eotl de posi suc due to allelisn), are used for

anpl i fication Theinventiun dlso proeides coapssidnstang kits ised inQhe métheds dusafwace of
amplificatian %gducts Mould indicate that the target nucleic acid
conpr i sesN¥FA. 18gsompeHtions mak e pyy compomgnt(spreactioemidiecadior int¢ymediate

articul T . 2 i L 1.sSon. . a
Pof or ancodesetibemiertity well s SH3ERdlon: Fot vtk Inf BUBRISEAOHE 4
_nug! eot i deongfositioa coprisingd mnilgm_sitaprimdes,gcﬁeraﬁ tl&-mdniﬁdsﬁabﬁﬁﬁr ¢on§psHses &n Woul d
in ate t the tar ucl ei ¢ aci oes not conprise the, sequence
def Mied m@@mﬁ%‘@% gﬁ{?ﬁ“ea?ﬁ"ﬂe- an reﬁappﬁecﬁravveﬁppmoma. 25
Mut at i on -ghp, i h%,ﬁg ht pinef : &ﬁﬁﬁ}s . | .
utilizin th‘gﬁk%oi i cg‘tgfﬁc}cr\&ﬁn%t‘talﬁggs of the lﬁ%\%nt | Onit%ﬁgﬁ%dﬁ@{rﬁ%ﬁ’
anpl i fi cakiN4rpostioniard &3 yBNA podivna du onelémbodiment, therRWNAquistiar is adjacenptesent
i nventio . SUi . for analysis for the . detection.of any..
alterati %@W@h@&@a} égﬁi"ﬁ‘ﬁ’c?’?r‘},?‘%é'?{"dﬂ enlipapravidesa cqmposition °P5‘p§s‘|“§1“er ence
nucl ei ¢ amintpositeprines, wheréih thécotfpdsite pieRborhfrided &5t ahdI$LDNUCHRIiSnsAFilE
seqijﬁnce other than the sequence alteration, as will be discussed in the

f ol Fdwi ncfit 'est s 1y Aq portien. 2 ostherexamples othe gm@ation provides a
composition comprising a composite primer that is further derivatized by attachment of a
- moiety capable of effecting attachment of a polynucleotide comprising the composite -

—

~

primer to a solid substrate used in preparing nucleic acid microarrays. In some
-embodiments, the composite. primer is further derivatized by attachment of a positively

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

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

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

composite primer, wherein the composite primer comprises an RNA portion and a 3’ DNA
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The products of the l'i near nucleic acid anplification nethods (DNA) and the
enhanced |inear anplification nmethods (RNA) described previously are
suitable for single stranded conformation pol ynorphi sm ( SBCRUSI0E SSCP)

based mnu ' tection. Insofar as the RNA product of th
anpl ificé?{)hﬁg‘wgfhods IS not a substrate for further 5 an%piﬁg@zﬁl%ﬁ,
sequence anplification according to the new net hods does not requi re the

presence AR | anded
product . lﬂ% anscél p‘%}gn- lg{s%g%Fc ¥ % ca ‘%ﬁ&nkﬁﬁlﬂé&ﬁﬁe@g ri’g’“ﬁ"?} eés are
carried demnmandnrsequqnceshnmn@émhqhmeﬁtsMEandim&cqmmdar"ps&t hunherr es,
such as DN%%H Thus, |t IS .anticipated that the enhanced Ii

anpl i fi c&% Rtepgpinatin sequepcs isp nessquense pla SPB’C(TF‘}T’@g‘FW“% theked to
appr opri @ ol ynor phi sm
ieh ns. SaRpPERmE colREEs ) 30 RA Boftioh QST DR MR Ofhai 2 YTV

such as an oret'ic separati for | cat I on of
spedific amh@dimmts,pimkﬁﬂrpmhon Macbaaegite th¢ Dhiadportich)d Jnrothbretnbodiatentshithe

el uci dati on of. the resence c sequence features, or t resence
of any diPMPPSRRIMST comprises ﬁ g%%mrt@gsw Heagt ons lafewm

nucl ei ¢ 3 ﬁﬁsﬁﬁ&'&ﬁ%dﬁﬁéﬁg cﬂ\gﬁo

el ect rophoresnl S can be use or t c?g%oectl 9§ fg%gﬂégéﬁgﬁgﬂfﬁﬁ(é)va” ous
single stpdmnie&%dnﬂampnﬂmgm&dmﬁm&mrssquenﬁ, (cjra“;mlymmlquude tomprisibge | i kel y
t hat cl eavage o[ t he si n Ie str or RNA product : , usi ng ucl eases

d
hr en" T e R raler SRt Th SorB SEROT 0ty 1 PO ROFIOLE gFdience isprs 4 o
"thel(ﬂeterm@atdﬁﬁer%inb%ﬁ%&%%éﬁﬁdbﬂd\&e%%ﬁﬁﬂcﬁé CPRR/:&&G' @rsm'mﬁ;l Py V\ave)

nucl eases 20 are known in the art, such as eavase assay
The el ectabopmenmepasitionsmaydurther compsise template (whishecompirisedi @rge@seqmm)

1" LS o ke 8\ G b RS B R A0

sequence RNAyeobimgradehr Thé eo:dpbsiﬁénscune génesdliyGh fatjGectds Ifedng prefbrablytig at
sequence. F rtg more, 25 it is expected fhat an el ectrophoretic nobi lity
pattern fSYHa %frl ous alleles could be well differentiated, thus-allow ng

t hepglet ecti on tigh | iﬁ?lm:ﬁ ﬁrﬁd uired.
for %eterozygo%lg%%oltyggb%Ohaeﬁﬁﬁpq%i@P?%@ﬁggm eratl or nﬁgﬂe t est
nucl ei ¢ alesdtibed horinc eAcaudinglys theciseertioh providesiapopulativardf DN (anu sgase)toron,
coul d be cte net hod. The rret hod is ected,to ,be useful
for det eﬁséﬁ 85’5@58?‘?[]?%“’&%"%%%“ Wﬂ?rlﬂ?r g’ﬁ'}"gwm%@d?“ﬁ
di scover yofghe MethodiNRSscribe MR/ 20035

- The compositions are generally in a suitable medmm, although they can be in

20 lyophlhzed form. Suitable media include, but are not limited to, aqueous media (such.as
pure water or buffers), _ , . _
The invention provides kits for carrying out the methods of the invention. . ..
Accordingly, a variety of kits are provided in suitable packaging. The kits may be used for
any one or more of the uses described herein, and, accordingly, may contain instructions
25 for any one or more of the following uses: amplifying a nucleotide sequence; sequencing of
amplified polynucleotides; and detection of sequence mutation in amplified
polynucleotides.
The kits of the invention comprise one or more containers comprising.any
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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3 1 AUG 2005 PCT/ US00/ 25104 Met hod of preparing mcroarrays of nucleic
acids The single stranded nature of the products of the linear nucleic acid
anplification nmethods (DNA) and the enhanced |inear anplificat.l (ﬁ met hods
(RNA) described previously are particularly suitable for éﬂeg-@rz ﬂig

m croarr ayeogeempsi sing the anplification 5 products. Seveglysh@sdigd ques
are well-known in the art for attaching nucleic acids to a solid substrate
such as a glass slide. One nethod is to incorporate nodified bases or

angl 0gs tsmtelgmackageda Inrothet gmbbdiments, & kj1@binprisés fddmﬁdﬁt_élpﬁm‘eﬂaxﬁl solid
substrate, such as an apine group erivative of an anjne group or

anot her gli"’%'ﬂat\‘/ﬂ“tsﬁqﬁenﬁﬁ?ﬂyi Q&Wﬂeﬁg‘wr“ﬁ?@hé\ kitmayrcosprisg asmpesie aci ds.
The anpl i #&; | ' t AL S | J such as a
gl ase. ol PRt PpOHEded R coRiprisa ol o, Al EhoIphiGRe " 0 2

whi ch wi | ¢onfwisinga propreaiotertsequenke {which ity beaRTO v TSO)L The lainpbsite prinich e
anpld fied prpduct. and beco ovalently attached to the glass slide. Qher
met f#ods, tg&ﬁe fé@fﬂ%@ﬂ@i’ﬁﬁa B3y g pryanally includeany of oae er maesnfdhe y are
al so knovghzymed cﬂﬁéwhe’i’é’inddrsg&gm‘%lfése(%to?g% eﬁ{d&@éﬁ%%«&%&%ﬂoﬂgclg&%eand

http://cngm st andor d. ecu/ pb men e primer which
coul d be triphesphates:VKits may nlsorincludé ore orgnare psititde bhffers (msdushiteddsieg. met hods
known in e art.. Any attachnment to nucl eotides of _the conposite priner
L1 e ok Bl el aqld Sedbicusing mas ppipel raelide Tabpicdg vbeled

anpl | {1 cahicRRiARMGE thittpe ifddtatdiPid PpdhtAGiaidiblifreikyd. . Sur face

of the mcroarray. 20 The anplification products o met hods. of the
pr eent | terminatioprpfdwipleptide polymerizationd iQrieant mare cdagests i theUghcan|tepravided nt o

fragment s, Qr ; +det.ect ahl e | abel s. Lior.to.or follow n
2t ¢ achents 4 Bl iR byebna SR ARG cxplents, ) o it n s, °t he
t echni quesrovidefbr aZbagohesaletiar hadid he aﬁﬁropﬁﬁtb Rbhicentrhléns HOf perfdthiifg &iitdfon
products obtained by .the nethods of the Invention are. particularly
anenabl e ‘gememﬁﬁé?sce hereigy iEagh componant gaiy be paskageddnispparpie santeinstsar e

Single  Siohfbondiiecll dtit AN ShaueRt biete OO LoD s R Y20

usi ng probe at1on techni ques known In the art, hern
andNor t permitbl otting. The 30 anplified products can al so be anal yzed by

contacting th .t h . croaryays conprisin ol i gonucl eotj de probes. The
i dentity of t ﬁ?ﬁﬁ%}%ﬁéiﬂw&}}q@&%’h@%@x ’r“%&ldFGrf‘%B‘P ipsfeuctions, generally
_written instructions, although electronic storage media (e.g., magnetic diskette or optical

-

 disk) containing inistructions are also acceptable, relating to the use of components of the
methods of the present inventior for the intended nucl€ic acid amplification, and/or, as

20 appropriate, for using the amplification products for purposes such as nucléic acid
sequencing and detection of sequence mutation. The instructions included with the kit

.- generally include information as to reagents (whether included or not in the kit) necessary
- for practicing the methods of the presentation invention, instructions on how to use the kit,
and/or appropriate reaction conditions.

25 : ‘The component(s) of the kit may be packaged in any convenient, appropriate -
packaging. The components may be packaged separately, or in one or multiple
combinations. Where Kkits are provided for practicing the enhanced linear amplifications
methods of the present invention, the RNA polymerase (if included) is preferably provided
separately from the components used in the steps prior to the transcription steps.’

30 The relative amounts of the various components in the kits can be varied widely to

provide for concentrations of the reagénts that substantially optimize the reactions that need
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59 WO 01/20035 3 1 AUG 2005 PCT/ US00/ 25104 sequence identity of the
anplified products, and thus by extrapolation the identity of the tenplate
nucl eic acid present in a sanple suspected of containing sai (;Auﬁ @[mpl ate

nucl ei c “ichl g Conpositions and kits of the invention Th Z‘P on al so
provi des i ons and kits used in the nethods descri® *n. The
conpositions nmay be any conponent(s), reaction m xture and/or int er nmedi at e
descri begh gRuPlopradiive MRl thehsdPd¥cI6 VA HeRGh afidor fefurREASR ﬁze {Hé%ebsﬁtYﬁﬂ't lon
provi des a conp05|t|on conprising a conposite priner, erel

conposi t ef gy assay. corrprl ses an 10 RNA portion and a 3' DNA portlon I n

anot her exanp he.in entlon rovi de conposi tion co ng a
conposite pri h;g? invgAtion 4 ?PP‘H@“’@%%%‘F? @rﬁﬁpﬁ‘é‘?g 6 msthads describe FWQ portion
and a 3' ThN® sp&eds @Ompfise: %E’i%u?é@ﬁ?i‘nﬁﬁ  of thE cdThPorRRtsdis d§63 aﬁgi'@ t to
the DNA portion. In anot her exanpl e e inventlon provides a corrp05|t|on
conpri si Wle,aonpmgﬂnkoqhmens; thevieention prénddesangystent suitablenfor produging ses 5' -

and 3' th 15 at | ea I one interven RNA or i on. .I.n ot her
exanpl e%‘ﬂ f @ﬁ?‘mﬁmvw gpttmmdﬁ?gﬁ? §¢%'§n%= COMBHSINg ¢
prinmer tgdla e,ctgﬁ i bl e of

ef fecti ngwatd?agﬁﬁigén a %gﬁgﬁeot WDRA ?chlgﬁgi(')aﬁ%éﬁgl t primer
to a sol nbonuelsase. ah@om@mhodummahe s;gtemuﬁirﬂleccmnpnismmohmucbyade In sone
enmbodi nen the osite f H? Pbr Fd hrrent of a
posi tive é?‘{})"egifc é? Toul e r8‘ e ?ﬂ‘ entsy e

i nyent i omemymmda&h& coRIPRIBENS pdlPRuctEytide 'oﬁlngﬁsﬁ g h3frbprontdter seileneé (wiigh TSO
enmbodi nent s _descri bed herein, |ncI udi gﬂli Gs cont al ning one or nore '

mr)]dl fi camaybe afiQ ar Ts@henda BNArdependent RN Ayokyragrase. | Any of e systesds nent s,
| sono EnpbaifaRiPiG CortufaNRblate HrkE selicd ot SLAHRE kAR 07105,

pol ynucl eot i d&he inventior aigp nopr&pr@mmmmmmmmﬁibnaeompﬁﬁﬁg eeactiorD
(i.e., lescri bed herein), further

of pse enbodi hent s
conpri s e"ﬁ’“&?ﬁ%ﬂg cggogtp}nﬁ@,nogﬁ R inations @&mowﬁaemaged”ﬁerg@nén some
enmgdi ”E%Sodﬁ-déats' ﬂﬁé%ﬁénﬂ@n Bfovided $éachiok stdogibﬁl ﬁ'@ TRy & ?6 ﬁe&id@c ker
escri be er n I'n

sequence (i.e., any of the enbodi nents
' bl ocker teymia,te:{bég WMIqucampoamg a3’ DNA portion and. an RNA portion; and

{(c) DNA polymerase. As described herein, any of the composite primers may be in the

~reaction mixture (or a plurality of composite primers), including a composite primer-- .:
_ comprises a 5’ RNA portion which is adjacent to the 3 DNA portion. The reaction -

20 ~mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA.
hybrid, such as RNase H. A reaction mixture of the invention can also comprisé.any. of the
polynucleotides comprising termination sequences described herein. Another example of a

_ reaction mixture is (a) a displaced primer extension product (and, as such, contains at its 5’
end sequence complementary to the 3’ DNA portion of the composite primer, but not
25 sequences complementary to the RNA portion of the composite primer); (b) a
- polynucleotide comprising a propromoter sequence (for example, a PTO); and (¢) RNA
polymerase. Other reaction mixtures are described herein and are encompassed by the
“invention. _
The invention also includes compositions comprising any of the complexes (which
30 are intermediates in the methods described herein) described herein. The complexes are

schematically depicted in Figures 1-4. As an example, one complex of the invention is.a

63



30 In other enbodi ments, the invention provides conpositions conprising (a)
a conposite prinmer, wherein the conposite primer conprises an RNA portion
and a 3 DNA 60 3 1 AUG 2005 WD 01/20035 PCTI USOQO 25104 gﬁ ﬁ'(ﬁ?pgs(' n somne
enbodi ments, the RNA portion is adjacent to the DNA porti ﬁ,” (b) a

t er mi nat i\§A 04/2¢p3&nce. | n sone enbodi nents, the term nati orpEaRsHdENSI941 S a
TSO. In other enbodinents, the term nation sequence is a bl ocking
sequence. npQsite prinmer conprises a 5 -RNA

one. enbodi nents, .the conp : ) ; ,
portion a?r?hﬂ’ éewwl?ﬁif@?ﬁif’"ﬂl?lﬁteégﬁ?&aﬁd@mﬂpgmﬁ,wmqu ionis

adj acent pgrimdrk6mpMinge 3'i -po'rt”o' 5,{@# odi t osite primer
conpri seslj 5 - and 3' -'DN%A\%g)r\ti oﬁs‘pw t %@*ﬂ‘%?‘é’e Wﬁ%@@gﬁﬁﬁ‘&’w

por t i on. haye amR¥ Aepodtivnrwhicls is & lnad adjapas ité ther3"dONRAIpov&sn. (Phe dnfpddiPRgy t €
prinmer; ( 3 @1%" nucl eotide.conprising a term nation sequence; (c) a

pol ynucl 4&° ﬁ%???io GugcotGIARRHSRE 2 waginatien sequancedsucteastobSGrent s, t he

pr o onotidscks | L Vi 10 .enbodi nents, the .
pr opr onot er sﬁ?&gﬁ‘g)i ?ﬁ?%‘j@g%f‘% Jloggmégﬁ;ﬂ O(I?J’fnq{cﬂgld%%{%"sé%osi tions
may furt REepremaier, sichaeaPT.e (whi ch. conpri ses a target sequence) and/or
any of the enzymes described herein (such as DNA pol ynerase, RNaseH, and/or
RNA pol ynerase). The conpositions are generally in aqueous form preferably
in a suitabl oheybléwine Exam j i r Qv des comnos) ti.ons
conprising the anplifi gati oy%r%ggﬁéegq%gis‘%?ﬁ%égwt@?a ﬁeﬂ%c%%?n&gﬂ'gl y, the
i nvention provides a popul ation of DNA (anti-sense) or RNA (sense).

mol gecul es which are copies of a target sequence, which are produced by any
of the methods described herein. The conpositions are generally in. a o
sui tabl e nedi um al though they can gRAMPLES | yophi.lized form Suitable
medi a i nclude, but are not |limted.”TO, agueous nmedia (such as pure water
or buffers). The invention provides kits for carrying out the nethods of
the i nvelyagiple 1 CeREM Miltogd variety of kits are provided in suitable
packagi ng- T d for any one or nore of the uses described
herein, and, dbegeutiralhgthodathatarsidescribed it thikcéiatijie &2 alsorutiivd M RhG™ NoOr e

of the fq ] uses,. anplifying a nucl eoti de sequence; sequencing of
5T o Sitet oV B8 neBER

st

anplifie and detection of sequence nmutation in anplified
pol ynucl eot i des.

Buffers
Buffers that were used throughout the examples are made with the following materials,
TE Buffer: 10 mM Tris-HCl, pH 8.0,-1 mM EDTA :

20 TBE Buffer: 39 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH83
FXBuffer: =~ 20 mM Tris-SO4, pH 9.0, 20 mM (NH,);SOs, 0.1% NP-40

Isothermal linear amplification using a single chimera primer, DNA polymerase and Rnase
- .

25 Sequence amplification was performed in 15 ul reactions containing 20 mM Tris-
HCI, pH 8.5, 6.0 mM MgCl,, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8 mM dGTP,
0.2 mM dITP (dNTP's from Amersham), 0-6% DMSO, 0-8% glycerol, 0-100 ug/ml
‘acetylated BSA (Ambion, Austin, TX), 0.6 Units/ul recombinant ribonuclease inhibitor
(rRNasin, Promega, Madison, WI), 0.5-5 uM composite primer IA005, and 100-200 nM
30 promoter-template oligonucleotide (PTO) IA015C. Composite primer IAQ0Q5 is a 20-mer
primer with the sequence of: ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:1).
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The kits of the invention conprise one or nore containers conprising any
conbi nation of the conponents described herein, and the follow ng are
exanpl es of such 30 kits. A kit may conprise any of the dopldsill®e primers
described herein. In sone enbodi nents, a kit conprises two or nore

conposi t YOIV which may or may not be 61 3 1 AUG 200BCTH#90@51040035
PCT/ US00/ 25104 separately packaged. In other enbodinents, a kit conprises a
CoNpPosi t PréthbteE : ' I RCE . (c@r . ihed

nor o1 ) . T RpoEElonMls BigdRionat (PTOF PAVSTEH p o3 iler bt EuiE iRl e

conpri si sefueneeofiyi nat i on sequence, and a pol ynucl eotide conprising a

pr opr onot er, . i a PTO qgr I1SQ) . _The conposjt rimer 5
may be | §§éﬁWﬁﬁﬁWﬁq§\&&sﬁg&g§@%ﬁgﬂGMﬂ@Mﬂggﬁ@@aﬁ& of one
or nore BiotinfSEQEIYNMER)descri bed herein, ‘as wel |l as deoxynucl eosi de

tri phosphates and/ or ri'bonucl eoside triphosphates. Kits may al so include
oneSor nore sReactigne weoed dssembled svitealt corhpshehiiercop) the tidiotehizynes. UAftéror

| ei i d ' tionally include |abel ed | abel | ed
nucl eot | BEHREIP JOL PR C AN Sesiciar pBrogrmmatlnthraal syFlee GeneABEIN, pr oduct
ffect 1@..k ' ' . ' | i zatd en. . t
Ph the i e BERER hRaGlod MBS ke BR0ITO B oth 60 B R ) B esoBE L5 ng
exci pi enirstheidieidualrexanples) Updrdattathink thdloWst fpkfiture, 0,050 USIPOLRINGR

havi ng t he p&rdo riate concentrations for aﬁerform ng any of the methods
descri be @P ronthery Ui lopk selution upiag paliluenyistorage sobionad @ md driaiH& s or

SO con t . | ' i . re~cross-reacii.vity and
Shal ' PELES 0%k Byl SBRIAAR kkinGlRbF RIVEY HokpifRSHCrehangeleh Wikdatnt 2
set of i NéDandli0s58 UnitsBea DINA polyrhérass (2 UVal; Pufivers) Madisdr, WI)aterehdietir oni ¢
storage gedia (e.qg., nmagpetic di.skette or optical disk) containing

i nst ruct i9RLeK 8“%\”%'6l%?g'g%tﬁ@&M%?ﬁ%%ﬂ%w@%éttl@@néfof&mp@ﬁ@h% of the

i 1 11 c i BEEREQka LI 0 ABuOH il R Clon] KNS SpRiibion sepi,

pr oduct sdésiredpur poses such as nucleic acid sequencing and detection of
seggence mut ati on. The instructions included with the kit generally
i ncfude information as to reagents (whether included or not in the kit)

necessary {0 Enhhiel iitd? Gdpfificdd !Qf, m,gm@ﬁgéo%s&m@pwa@ ahl DB
~condi ti ossDNADrdduet conponent (s) of the kit may be packaged in any
co nv.e nient, zrxotparnls%p%on was performed at 37°C for 3 hours in 10 ul reactions containing
2.5 ul of the linear amplification reaction mixtures above, and 40 mM Tris-HCL, pH 8.5, 70
20 mM KCl, 5.0 mM DTT, 12 mM MgCl, 110 ug/nil BSA, 3 mM each tNTP (ATP, UTP,
CTP, GTP, Amersham), 7.5% DMSO, 1 Unit/ul rRNasin (Promega, Madison, WI), and 20
Units T7 RNA polymerase (Ambion, Austin, TX).

DNA Templates
25 " Arsequence from the J-gene region of E. coli K12 was chosen as a DNA template
for several of the following Examples. Three DNA templates were used for these
experiments: a synthetic DNA target (IA013), a primarily single-stranded DNA (351 bases)
template produced by PCR amplification, and genomic DNA from the K12 strain of E. cdli
(preparation described in Example 4). Synthetic DNA target IAO13 comprises: =~ =
30 ' Spacer18-Spacer] SCGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA
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packagi ng. The conponents may be packaged separately, or in one or nmultiple
conbi nations. Were kits are provided for practicing the enhanced |i near
anplifications nethods of the present invention, the RNA ]?. mrerase (if
included) is preferably provided separately fromthe conp:foj At d03sed i n
the stepawpwieesso the transcription steps. 30 The rel ati yera/Ee¢HY1g4 Of the
various conponents in the kits can be varied widely to provide for

concent rg}@é[i‘é f the re ent S that subst antially optimze the reactions

t hat nee ACCSIGTEIGITAAAATCCAGGPAGCt i ce

t he met he§lgcH! sen5|t|V|ty
of any assay. ée)li‘nve é@ﬁ%ﬁg@'&?cé/%@@ﬁﬁqgg $a8?$§6? PI¥3%t he net hods
descri bedbgoxyethylend yesserss Thes Wee@dged ﬁﬁhé’ sligPinordbréatd mﬁoﬂiltyt\bi%
conponent s dlscussed above. For 5 exanple, in sonme enbodi nents,

i nvent i orfesResttodhe1Q0- @l&/%@!ﬂd@bl The sqquqzncooﬁdlerajomaregubn@kprum:dyeot i de

comsost + e S DIRSSTAELs einilleed By RER StsalORy mor e “and

(c) ri bmamemmrmmmmwmmm?@&wete%

pol ynucl e conpr.i si n a term nati on sequence (any of those escri bed
herein): (%Gg}ﬁgl\ Gg CHACACGIAPGCGACAETGGAG

TS0 A M&WWW ym?iiémﬁﬁ@&@?f?ﬁg@gﬁ@@b@&ﬁé b <

may al so WM&TA@WMGWWAME@CA@@@AM&G&T’GMW

ESX} & %ﬁ%ﬁ%ﬁé&fb&ﬁ%&fﬁﬁbwtﬁm”i TEAASTIGGRA TOOCEAPIERIE0
meifLLei“‘IfﬁﬁﬁiA%Tg@Gém%%FWem.é‘sf‘? SORRAT REREARGEERS | ror

conpri si LG GMQ@I‘RMGEGTA&TGCGKSEQID Nmmmhdtﬁﬁftl@ese As

descri be e rlners be in the reaction

mi xture %(Qf é‘%‘P raé‘?%ly o™ c'ﬂ’:?ﬁ’gg'te? g S‘t‘? Eﬁlaﬁ%bﬁld%ﬁ’ﬂgsw pri mer

conpri sepomcﬁ;mmcqoortion whi ch is adj acent to the 3'. DNA portion. The

regg;tion 20 m xture could also further conprise an enzyme whi ch cl eaves RNA
an RNA/DNA.  hybrid, such as RNase H A reaction nmixture of the

i nvention. can palse. n [ o8
term nation se ¥ Hpte of a reaction

mxture is ( a)SmgleI-stmidad BNA temﬁateeﬁét Baﬁxemli‘al ﬁh@ﬂ'liﬁiplmﬁﬂon s prplred BYNT ai NS
at its 5
PCR ampiification of a 351-bp segment of the E. coli J gene using the primers 1A006 and

- JAOO4. Primer IA006 is a 23-mer with the sequence of: _

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

‘the sequence of: CGCATACGGAATAGCTTACCGGTCT (SEQ ID NO:15).
PCR was performed in 100 ul reactions containing 20 mM Tris-SOy, pH 9.0, 20

mM (NH4)2S04, 0.1% NP-40, 2.0 mM MgCl;, 300 uM each ANTP (dATP, dTTP, dCTP,
dGTP), 5 Units Taq DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-

25 primer IA004, and 0.2 ul of a crude lysate of E. coli K12 strain. A modified "touchdown
PCR" protocol was used with the following parameters: 95'C for 5 seconds, 68°C for 1
minute for 5 cycles; 94°C for 5 seconds, 60°C for 30 seconds, 72°C for 1 minute for 5.
cycles; 94°C for 5 seconds, 55°C for 30 seconds, 72°C for 1 minute for 40 cycles; 72°C for
15 minutes and then held indefinitely at 4°C. Primer [A004 was synthesized with a 5'-

30 phosphate to protect the sense-strand from digestion by lambda exonuclease (Strandase kit,
Novagen, Madison, WI). The Strandase digestion was performed according to the
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end sequence conplenentary to the 3 DNA portion of the conposite priner,
but not 25 sequences conplenentary to the RNA portion of the conposite
primer); (b) a polynucleotide conprising a propronoter sedguefgeif or
exanpl e,c}g PT@' and (c) RNA polynerase. Qther reaction mxtures are
descri bed"RVE5 and are enconpassed by the invention. PGEUSAYEI on al so
I ncl udes conpositions conprising any of the conpl exes (which .30 are

i nt er medipidmfachitedRcoHBhleadsione j ' i ' T,
conpl exes are sghemat i calgﬁwge?{ce{ﬂggﬂlcﬁqﬁ%ﬁgg&wgagggs%%&g%(%r‘r'& %}& one
conpl ex @recipitatedfrontthe reaciorambaurd by the @idiA6H of Y0 & dLAROIM shGlmlssexale? 5104

conplex ¢ i si,ng: :(a) a tenplate strand; .and (b) a conposite priner,

sairrg cor’rﬂ%g?“?@nd B% K@ﬁ‘ﬂ%ﬁﬁﬁ?@%@ Cgogng R Ofo for ]f)hﬂ)"ﬁn@daﬁrﬁ’rgmeéég tion. The

conposi t er=1g ; ki ' [ ' | o the

37 DNA parpiiIA splBdin fANGoRuIRE: RESD AR, THe DN el todafiiinct

" conri si wjtha73% ctﬁmehﬂmnaﬁemﬁarhrltﬂ?'%f&e@&u_ﬁpemwﬂ 80 uphwatk eCotRARBIGIE) -
nucl eoti de conprising a propronoter,

The conplex may al.so ¢ ri se a po :
such as JV45FeY ?te‘#%@mgﬁso%%gn& 6@ Units of Ianahdaxgnucledse (Stsmdasee, but not

limt, tRe. i E le 1:. oal hods Th |

ot hods H1oYBeD Wasalded: Dipeali Yk dHEVER 15 plcead 81 fof 40 Bies regotfiin - 35

exanpl es wairiel hate@te7s'C Brid fiisuteShd 86dled °C".‘%€ut!é§§ﬁs &;&ege%%ed ihhe
foll er: 1 Tri1s-HC ,

exanples are made with the followng materials. TE Bu

pH 8.0, aprogruppklotenmt cpeler CeneAnpA00; PerkiElmerp RevhinmgiDNAovas, 2 M
R M R O T A—
si ngl e clthewnasufpeturar’s redoingided pRIcedte and uilig ff buffe2dproRided WA the kit
6. 5. CQUse (e A, Brichy A volumes of Buffon ER(Risgenimeimaddertio (s 5
dGTP, sample. The entire volume was then applied to a Qiagen spin.column and centrifuged -
- (6000 rpm 1 minute in a microcentrifuge). The filtrate was discarded, and the column was
15 washed twice with 500 ul of Buffer PE (Qiagen). The column was then dried thoroughly
by centrifugation at maximum speed for 3 minutes. The DNA was eluted in 50 ul Buffer
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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0.2 MM dI TP (dNTP's from Amershan), 0-6% DMSO, 0-8% gl ycerol, 0-100 ug/m
acetyl ated BSA (Anbion, Austin, TX), 0.6 Units/ul reconbinant ribonucl ease
inhibitor (rRNasin, Pronega, Madison, W), 0.5-5 uM conposij ﬁ: r' r

| AOO5, and 100-200 nM 30 pronoter-tenplate oligonucl eotide % M 015C

Conposi t ewy é1e6as A0O05 is a 20-ner prinmer wth the sequeng‘gr 00/25104
ACGGAUGCGBUCUCCAGTGT (SEQ ID NO 1). 64 31 AUG 2005 WO 01/ dg%

PCT/ USO0/ 25104 Pronoter-tenpl ate oligonucl eotide (PTO 1A015C is a 55-ner
ol i gonucl eyanole), andtthe eiitire samplesmisdmmiediately loaded into each well. Gels were

N 12) | 6 SRISREY QS ON oG HEBORIPAG S/TNI: ¥ord afgameles bod auleisd thrgeliond
enzymes. felvltagd'@ad ioerdPto 177@%0?2&5 %Eﬁ&e§ Gel%Qve%" Pem Vad Frotf GtivesTmp! ©

t hermal cycler %GeneArrp 9600, Per he rea on m Xtures were
cool ed doplastiepla®sandsained is0. SQg/ansetHEanlbb@ﬂldelm IXEBE Baffer (GQahMéwfm es.

Upon atta nin | qwer, 5-0,24 Unit of RNase |Iuted
from 3 he é‘“@r @ “’2\? bene %‘Fuf H@ﬁ Eﬂﬁ’&@%gé& MDM@M@;@%W&W&‘FFY

go: ieEtCIre Tecm\aélgecgglme@g{ﬁg I son, d’ﬂ’/\v“?‘m g ?‘ébﬂg&m‘%@ﬂé&al}@ﬁ pol yrrerase
(2 Uul; mdmepmtaimdﬁfmgmews)ofmbllaw@slzeﬂm 11'09@200 306, 400] 500, I6@,bat ed at
55 G-65 * f_the inc tion actions wer e
cool ed to?g.%l“&ge}%ﬁ&@%cg&pq'gﬁ%e%g 8000, and; 1|0 Pt IXH@&'? 9P 2880 8pep i s
desired. é&ll@ﬂ@?&@%d'oh%el@%ﬂd‘ fication by RNA transcription of the

| inear anplification product RNA transcription was performed at 37C

for 19 hours in 10 uI reactions containing 2.5 ul of the Ilnear
anplification Jnxtures above; and 40 mM Tris-HCl, pH 8.5;. 70 20
MM KC, 5.0 MgCl [err], 110 ug/nil BSA, 3 nMeach r NTP (ATP,

UTP, CTP, GTP, Okgemﬁﬂlamdc p?o&%/ofal\@@ndﬂzahm bxadhple RO 0ot RTINE déﬁdl son,
A -bequonc AR EOVA Bt arof <od- lé*erf@'e%?mg%%&&umgemmp p
tenpl ate Epgland Biolabs, Beverly, MA) and y-*2P-ATP (adenosine 5'-[y-*?P] triphosphate,
15 tricthylammonium salt, Amersham, Piscataway, NJ; PB10218, >5000 Ci/mmol, 10
mCi/ml). Primer IA010 is a 21-mer with the sequence of:
: ATGTCATGG'I_‘CATGGTCGTGT (SEQ ID NO:13). Primer IAQ14 is a 31-mer with the
- sequence of: CTCAACACGACCATGACCATGACATTTGTTG (SEQID NO:14).
" Labelling reactions (50 ul total volume) contained 70 mM Tris-HCI, pH 7.6, 10 mM
20 MgCl, 5 mM DTT, 1 ug oligo (147 pmol for primer IA010; 101 pmol for primer 1A014),
250 uCi y-*?P-ATP, and 30 Units T4 polynucleotide kinase. Incubation was at 37°C for 30
-ininutcs, followed by removal of unincorporated nucleotide using QIAquick Nucleotide
Removal Kit (Qiagen, Valencia, CA). The decay rate (cpm) was determined in a Packard
Minaxi Tri-Carb 4000 Series liquid scintillation counter by Cherenkov counting of 1 ul of
25 the labelled oligo.
Hybridization was performed in 30 ul reactions. Product DNA (or RNA) (10 ul)
was added to 20 ul of probe mix. Reactions contained 100 mM NaCl and 10° cpm of probe
(correcting for decay using a half-life of 14.3 days). After heating to 65°C 15 seconds,

i0

hybridization was allowed to proceed at 42°C for 30 minutes, followed by cooling to 4°C.
30 These steps were performed in a programmable thermal cycler witha heated cover

(GeneAmp 9600, Perkin Elmer). The entire volume of hybridization reaction was
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for several of the follow ng Exanples. Three DNA tenpl ates were used for
these experinents: a synthetic DNA target (I1AOL3), a primarily

si ngl e-stranded DNA (351 bases) tenplate produced by PCR egrﬁphug‘ joggt i on, .
and geno § fromthe K12 strain of E. cdli (preparation described in
Exanpl e iqf 01@@? hetic DNA target |A013 corrprl ses: 30 SpacdTHISeHE |
8CGGTACGCTGATCAAAGATCCGT GCAACAAATGTCA 65 1 AUG 2005 WO 01/20035

%@2@%@%&%@@%@%@@%@@@%

pol yoxyebbsi¢ acid, 2 pEDRTA, i 88) aet 0V dste3howrs.t Gelsavdre eerhoved fidad the@ldset ar d
its m)bllHS% with ,respec¢ct to the 100- bngSDNA product. The seguence of the
af or emenPlae ¥13RReAHR plasticweap, gadexpas gutoradiogmaphy f%i@&M%m ate

o Ao kY aR T ovehiighe 206 haoe) with v intepsifying sepoens.

GAGCGCAGCAAAACCCTGTCCGT TAAAATCCCGGCAGGGGT GGACACTGGAG

- GGCAACAACCT GT. Aﬂbmlﬁfm@ﬁﬁliﬁéﬂﬁmm MW@M&, DNA polymerase,

GATGGT CTGAAAGI GCCT
M@ ltfa&@qthmé Pemﬂlmqeeall ToesoBr i ner s

are bol desmpaskrits) 46 dbdchBed el élewav R ORE ﬁ%ﬁt Wf th RNA

portion in italics. 15 Preparat 1 on o target rom I cation
product Bragents such mosimpmmnp IM@cﬁhrorletDi‘éArmlymerma(Pamm, Madisonj on

of i cat f th I J
gord Lol SUB e kel vRIRG b o Syohbeie B R BB AERRY cPequope Fietedff ¢ ¢ ne
sequence ExampRO1 OESaE contiaME@adireomt ﬁle%@_@and Bo! 'tﬁ?ét skﬂmé is a
26-mer with the sequence of. CGCATACGGAATA

PCR was P@s plspriaciuded. [hy isathereat lineasamplification offanst Emﬁirsecwem[vmrqam
ach anrets b et 6k b il (i el Gy TG il o
priner | Mﬁﬁﬁcﬁ%ﬁ&é&m&ﬂ%@h& €.

15 The amplification products were resolved by gel electrophoresis (Figure 5) (F irst

- lane: molecular weight ladder; lanes #1-4: no DNA, no primer, no RNase H, no Bca DNA
polymer_ase, respectively; lane 5: contains all components). No amplification products
were detected in react_ioh mixtures without primer, RNase H or Bca DNA polymc;asé.._

o Probe IA010 hybridization and autoradiography to the ss'DNA. product of the linear

20 ampliﬁcation_ method, as shown in Figure 6 (Lanes 1-4: no DNA, no primer, no‘R_N.ase H,
no DNA polymerase, respectively; lane 5: contains all components), veﬁﬁed the idéntity of
the ampliﬁc_ation product. The linear amplification of the synthetic oligonucl_eot_ide target in
this experiment was done using a non blocked promoter-template oligonucleotide
(IA015b). Promoter-template oligonucleotide IA015b is a 55-mer with a sequence of:

25 GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (SEQID NO:11). ' The amplification reaction standard reaction components used for
this amplification reaction are as given above. The initial denaturation step was p_erfonned

at 70°C for 10 seconds. The reactions were cooled down to 65°C, and further incubated at

this temperature for 30 minutes following the addition of Bca polymerase and RNase H. No
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25 primer 1A004, and 0.2 ul of a crude lysaté of E. coil K12 strain. A
nodi fi ed "touchdown PCR" protocol was used with the follow ng paraneters:
95[err]C for 5 seconds, 68[err]C for 1 mnute for 5 cycles; 94"C for 5
seconds, 60°C for 30 seconds, 72 *C for 1 minute for 5. cydlledls 86C for 5
seconds, wp®@12043530 seconds, 72C for 1 mnute for 40 cycl /Js%%‘sﬁ){)r 15
m nutes and then held indefinitely at 4[err]C Prinmer |AO0 was Ssynt hesi zed
with a 5 30 phosphate to protect the sense-strand from digestion by | anbda
exonuc| edwbridgatiomwas detkéted in tho cantesl, reddtidis (1o DMA), no pHmeSinoRN@sd, dogest i on
was perfQg ‘gasd according to the 66 3 1 AUG 2005 WD 01/20035 PCT/ USO. 0/ 25104
manuf act ‘s recommendation. Briefly, PCR product prepared as described
above, was precipitated fromthe reaction m xture by the addition of 1/10
vol une 3M sodi um acetate, pH 5.2 and 0.6 vol unes isopropanol, cooling to
-20C for le 3: Pwdomeeter-téniplgteioligonuwelentidecomsled isothorninl tinement ri f uge for
30 id nute TetDNAo | et s washed once 5 wt o et hanol, then
air-drie ! o nsion in 80 ul water. Concentration was
estimated fronTKd deo i 8]l _
(Strandase, Novageﬁ‘j%&gg@%’%ge‘ﬁ@%“‘gg%‘ﬁa g?ﬁkg‘?ﬁg%sﬁﬂ%@gc egceat 377C
for 20 m'mgll@salT?@&mM@mcqumdS'tﬂAAW&ﬁMUMD&GGGAQGKGﬁSE@ID and

b

cycl or (OG5SR oo plerireiary Woibrar I A emelete 008 bTHaRs o4 aBTQs | ng
Q aQui ck WeteldesiphelIROIDIADI IRIAONS, TAGH S9C1A0YS PROAS 8675 dullaOWI N0 LNe

manuf acturer' s recomrended procedure and ‘usi ng ers provided with
thelkit seqrensent: val encia CA). Briefly, 10 volumes of Buffer PN (Q agen)

o Gk ACTCACHAT B AR AT oA TR GERECEREBCAS T
filtrate ABCANAGATCOGTG(REQ D NOIS)TACKZPTO chiains twb ediRnddstif a@@ifion! Of

Buf f er EE Q@p%ggﬁ The col ym was then dried thor ougrhl é by centrifugation
at maxi mifth Fromotgr: 3, -gxtenstpn (PGOAAT TS GEQIR NG531)) mnda spaser (S5B( 10nM
Tris- HO ,APEGAGTAGETEYSED 1D RN©): E&%EE ' ¥Be i [éq%g be about 2.5
X 1012 copies/ 5ul from % at N?G%Q)Zm ?maeﬁg?ym ggﬁéavea g‘ l?ﬁﬁ
si ghi fi c&emplemrotaryisequence. A0 1545 thetsherterR PO (48-rwep) heKinglboth thes'-error in
concent r gt i.on. l,ess th - The DNA 20 was diluted to 1010 copies/
5ul in T%S‘EE‘?\D : dggrﬁpﬁ?ergﬁ(ﬁls!lﬁ@hﬁsﬁ‘ﬁ siﬂ"\?ﬁ%ﬁ%eé\ﬂf romthe 1010 copy st ock
sol uti on ESATAGBACTCACTATA GGANGRGSGPACECTGATEAN AGRTCCREG ¢9EG 1D ™
“by. lim t&ggl dilution PCR anal ysis.
10). TIA012b PTO is a 60-mer which contains the spacg¢r, but not thie extension.
1A012b PTO has the sequence: o _
20 'TAATACGACTCACTATAGGGAGAGATCGAGTAGC'I‘CCGGTACGCTGATCAAAG
ATCCGTG (SEQ ID NO:9). IA015b contains the extension, but not the spacer. The
~ sequence of IAO15b is disclosed in Example 2. All primers other than the chimeric |
“oligonucleotides IA005, 1A019, and IA020 were synthesized by Keystone (Division of
BioSource International, Camarillo, CA) and were PAGE purified.
25 A general schematic for this amplification method is illustrated in Figure 2A-C.
The ability of IA012, IA012b, IA015, and IA015b to convert the ssDNA template into a
substrate for T7 RNA polymerase was assessed by comparing the amount of RNA -
produced after transcription of overlap-extension products formed between a synthetic
oligo product (IA009) and each of the PTO's. Synthetic oligo product IA009 is a 100-mer
30 with the sequence of: AGTGTCCACCCCTGCCGGGATTTTAACGGACAGCG
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25 Gel Electrophoresis Anplification products were el ectrophoretically
separated on Novex pre-cast 4-20% polyacrylam de gradient gels
(I'nvitrogen, Carlsbad, CA; part no. EC62255) in 1 X TBE Buit&ys¢®9® nM Tris

gg;gr at UW%B{ ?(%Ieldl I2I mI\\q EiDTéel FH zos)exl)n %egg;/%n m g’%&%@%&il ) 30

fromlinear anplification or transcription (enhanced |inear anplification)

were mi xenrmmmecoﬂrm@mem@arnmcﬁqmmanwwégm@@ TOTEPoA

br ormphenol bI ue, 0.25% XyTene 67 3 T AUG 2005 WO 01/ 20035 PCT/ US00/ 25104
cyanol e) , T ﬁ%‘é\@ﬁ@(SE%MOel%chmgxtamsmrywabmt&rmdtm 1S akreactiins.  Gel s

ont or e tReuife 2 Wty BPEE S AR Raglrs PV [l qraB e PP oS

. were rendGTP)f 160RMIA009N CONEM FHGlehi 4 WRiIEBESDNX pslyaich@d. Readlions Watd"
ethidiumbromde in | X TBE Buffer (89 MM Tris 5 baseé, 89 nMboric acid, 2

mV BEDTA, qmststlte)i withousBraDNA palyimerase,iheatedto R8C thbin cdmded Dok 10tminetes to
Bi onexus ea , was i ncl uded i,n one | an each_ g run This
mar ker coﬁﬂ i ﬁi‘ &@*@%@Né RAIYMERSS, SpacHonsyersiin t69 forgeenm@ee

op. Typi caPPRon oo Ractop e Has i o ik %@?@NUSQ%@%@“ o

Hybri di zat;acmon nﬂ(ﬁlg@mlbﬂlemnm:ppbnb?etxémwéw EsSedSezléHyldngh cl;%lmlapﬂgea(sl AO 10 for
SSDNA pr oduct LAO14 for s oduct re 5'-en a ed using T4
pol ynugl eot | dé‘%hﬁﬁ@én I@W§%°a{1dn F‘EH ‘81549@4%13“ %a‘i’l‘tfﬂép[ er ?] P- ATP
(adgposi "@cte'isroh!pr&%@i frbth! m*mmﬂm}a IJA.%ﬁfl‘fgﬂByfd%ﬁmwg‘ Paﬁbér 6-13V@RANam

Pi scat awa 10218, >5000 [ AO10 1s a
21- mer vm%q!mtlﬁglkéﬁﬁb?fh;éAQIS IAATEECIAM%'IEATWSIIA(OSEQ tleﬁpmdﬁ)) Pri mer

I'A014 is eguen CTCAACA T GA TTGITG
(SEQ I'D m%"ﬁsameﬁsémﬁﬂw %%@%WWHPHW B%‘E § 70 MM
Tri s- HOl, shokter PRO's (A0TS) RAD1SBEHAbY kithér oTYADI or IAGKRLD THEPTIC 6 for
pruner 1AQ10; 101 pnol for priner |A014), 250 uG -32P- ATP, and 30 Units

T4 pol ynU8f é(ﬁ"i‘%‘%l%g‘@ the FRacEAGRStIpsoduced dernonsrablohigher yields of RNAL oved
by {$£M0V e afifcattld! AVER 1A P PrGARR dppiarkd  WdTd W' i nddydy QA dfid. A
fifth PTO was designed having the same sequence as IA015b, but with a 3'-blocking group
~(biotin) to eliminated the free 3'-OH, to demonstrate the improved performance of a 3’-
‘blocked PTO. Blocking the free 3'-OH of the PTO eliminates its ability to initiate non-
specific incorporation of a functional promoter sequence to the amplifiction products .
20 leading to non-specific generation of transcription products. The performance of 3-blocked
and unblocked PTO in the enhanced isothermal linear amplification was assessed from -
-amplification of a synthetic oligonucleotide target, using the standard conditions. The 3'-
- blocked PTO (IA015¢) produced comparable yields of specific RNA as IA015b, but with
significantly less background, as shown in Figure 8 (Lane 1: molecular weight ladder; lanes
25 2, 9: no DNA, 30 minutes; lanes 3, 10: no DNA, 1 h; lanes 4, 11: no DNA, 2h; lanes 5, 12:
10" copies 1A013, 30 min; lanes 6, 13; 10'° copies I1A013, 1h; lanes 7, 14: 10'° copies
IA013, 2h; lanes 8, 15: 10" copies IA013, 30 min; reactions 1-7 were not blocked
(IA015b), reactions 8-15 were blocked (IA015c¢)). Negative control reactions (no DNA
template) and reactions containing 10" copies of oligo target (IA013) were amplified by
30 strand displacement for 30 minutes, 1 hour, or 2 hours at 55C, with either IA015b or
IAO015¢ included in the strand-displacement reaction. When the 3'-OH was not blocked,
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Renoval . Kit (Q agen, Valencia, CA). The decay rate (cpm was determ ned in
a Packard Mnaxi Tri-Carb 4000 Series liquid scintillation counter by
Cherenkov counting of 1 ul of 25 the |abelled oligo. Hybridization was
performed in 30 ul reactions. Product DNA (or RNA) (10 ul) 3 \AH6 3lled to 20
ul of proW® 0ti28035React i ons contai ned 100 nM NaC and 106 cpgr/efeoRsaiae
(correcting for decay using a half-life of 14.3 days). After heating to 65C

15 seconds, hybrigdization was allowed to proceed at 420C for 30 minutes,
f ol | owed B@‘%%%ﬁ@b&wmdwdm@gémt@psambabscp@dﬂd)mﬁea&on of the spgeifierabl e

thermal c | t t 9600., Per ki ner). . The
entire VOFSJ@B%%@. ﬁggra‘l‘ ?ji&géﬁ ggﬁgggcgg?pﬁggv@gy ggngiri!ly g%gg%ygk I’(5@5?“(5&/ 20035
PCT/ US00/ 25104 el ectrophoresed in 10% pol yacryl anmide gels in 1 X TBE.
Buf f er. (89 89 mM boric acid, 2 nMEDTA, pH 8.3) at 150V for
3 hours. &2 hJ genefes : hestic wap, -

guenceaf 4%, cgli R ie) j0.

and Exposgqt i VERK 'eﬂii{n% pxmf 'dd&ol\/ax VR, Kok). at -20- C overnight |

(16 hours 5 Exanple 2: Isothermal |inear
anpl i ficati on DduA s iselated fremr25ampof £ db&TKDZl%A!FCGQOWS)i groWe oGERIAid ©

pri mer, ol wégﬁe, se H, _and TSO or Dbl ocker was_ perforned.
React i on nPstonezNaClmedinmg: (denomic DINA pyas isolatedpy hesazyme digestionanibed above,
as well a ' ' | . _ , as
composi t o o nnaiioinehatkdtic Wte WHlei1Badbadt K WllerbBPREME TR "0 w)
}I\I_E‘I’ e 3 pi kaS(mlah,l QH) ﬁolhzzyihg ﬂlalham}fwtbﬁ’k-lﬁeoeﬁm&d pgﬁbd&;bAQlﬁﬂy,l t?eﬁﬁgnce
i's in ample . 1). .pegative ntr reaction_containing all the
reag nts g‘ﬁ{f%ﬁgﬁtﬁq é%:f’e%tg tion ﬁbg&& ’é&%rrﬁcﬂnﬁﬂﬁ%ﬁ- Gatlpellstsiwise rasnsnendedar

- arr-plificai,{m&?m{eq' iolPbafre \(@eas T'h e _ i ve.
Tar get denaturta ionlg\/\ﬁgocarrigﬁﬁf&é gg%ﬁ%ﬁoﬁ{éﬁq{%t @?%Pﬁﬁg'ﬁ% -
anpl i fi caweselearat thesendi of dherdiigestions BatHoutldny Misiblershirnfps afaindigested oellsc tEhever e

[ aader 1 ey RS S ARAN i Dol ke Sieeum ea bRl y or  se,

respect i veincinnhy OHY and o0Batas for IS RS AERIoR) tenlfiraii] T %Wt S
ca

wer e deteged In reaction mxtures wthout priner, RNase or

pol yfer as 9@%&!@9@3}0&4@%% of 0-Givobmmeieercaldt eshandil o dftepingubasiontfor SSDNA
D1 00Ut Of 1. o e bl bt BRUA O coct PPt (L2

no priner, n
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-HCI, pH 8.0,
1 mM EDTA) by heating at 50°-55°C for 30 minutes, with fréquent agitation. The resulting
20 -solution was passed repeatedly through a 22 gauge syringe needle to shear the DNA and
reduce the viscosity of the solution. DNA was precipitated again (EP1005-35) by the
addition of 1/10 volume of SM ammonium acetate and 3 volumes ice-cold ethanol. - After
incubation at -20°C for 1 hr, the DNA was collected by centrifugation at maximum speed in
‘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 DU640 spectrophotometer), from which DNA concentration was
- caleulated by assuming 50 ug/ml dsDNA produces an O.D. at 260 nm of I. DNA
‘concentrations-of the two dilutions were 24.2 ug/10 ul and 24.6 ug/10 ul. The average of
these two measurements (24.4 ug/ 10 ul) corresponds to approximately 2.5 X 10° genome
30 copies / 5 ul (5 fg of E. coli genomic DNA = 1 copy).
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no DNA pol ynerase, respectively; lane 5: contains all conponents), verified
the identity of the anplification product. The linear anplification of the
synt hetic oligonucleotide target in this experinment was dgquungimg a non
bl ocked R,g@g%&rs-terrpl ate oligonucleotide (1A015b). Pronoter-tenpl.ate

ol i gonucl'eBt PEE? A015b is a 55-mer with a sequence of. 25PCT/US00/25104.
GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG TG (SEQ I D NO 11).

The anplifi calliftRernfid ehhaided iRt amfllifieafdd On conponents used for this
anplificationTeacti ' bove: The initial denaturation step

was per f or red DNA waoserially didated écBE Bufferive 10%20%, iop 167 cvpies/ Solohetl down t o
650C, and, further .ingcubat t _thist erature for 30 m nhutes foll ow ng
the addi ﬁeﬁﬁ“@%ﬂé&a B%‘hg-‘? Qifer %W%&Powedm rgpid goaling #n ise08inglep 01/ 20035
PCT/ US00/, I O | . Wy nt.rol reactigns, (no DNA,
o pri megae hBlakEDREL bR B B6 A odgiesl 0, RERTOR @ Rptpnibica ¢

ol i gbnuclcentaimieo DdiAy 1€d, 168010%esrms X i0%@Bpiesaf geminitDNAI on and

transcription The.pronoter-tenplate oligonucl eotide (PTO_ contai ns two
essential seqdtRpkification; was. pegformedsinoldoilaeactions eonsaining 20 mM Tris-HCI, pH

5' - TAAT | - 20 t

| TSI R0y ML) A TR
leé.g%?’a TA?SATMCAﬁngAm G&”??&?A%%Q%%MX:%Tﬁg ( SEQ
"D NG 5 (AR ASSEF: b 6 Unit reembinegribonveleaseinlbiton GRNABnFEpmea
TR G i isom, B0 NPt AT FAGS Seudabi-tiscibacdif EximBROIG oM, o
cpn‘pl enepramtestemplatcoligompltide (PT@) MG (seqiicficé diselosed)in Bxamplen). bot h t he
AT ACCARHE e ek SceRe it R RnericRi persabe Ny ISS. A Hepfing fnG 121
PTO i s a96W f6r110Weteils§R B pRigiiminaBle IRAHAN cydbl (GRAEA P60V 1Rh Bimet) 012D

PTO has the sequence: 20 .
TAATACGACTRCATY WereGabaGi RIS AEG1RMEGI AISMCATHIMALG) O\ DEMFOERNGEQH D

- NOPg T 28103 Rt Wil fneS R ool solibn B 10 baM T2RATEL, p's'S, 30%

X glycerol), Hybridase; Epicentre Technologies, Madison, WI) and 1.0 ul Bca DNA
polymerase (2.0 Units, Panvera, Madison, WI) were added. At the end of the 60°C - -
incubation, reactions were cooled to 4'C. A volume of 5.0 ul of strand-displacement:

product was added to each RNA transcription reaction (total volume 20 ul). RNA -~ *

20 transcription 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
hybridization (10 ul). | - I

Unlike the amplification of defined single stranded synthetic target, the

amplification-of genomic DNA according to the method of the invention requires the =

25 formation of a defined stop for the formation of a ssDNA product with a defined 3’-end.
The formation of a defined stop for primer extension can be achieved by a blocker, which
hybridizes to defined site on the target strand and can not be displaced by the polymerase.
Alternatively, as in the present example, a GC rich sequence up stream of the primer site,

provided & stop point for primer extension, thus leading to the formation of a ssDNA
30 product with defined 3-end.
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sequence of 1 A015b is disclosed in Exanple 2. Al primers other than the
chinmeric oligonucleotides | A005, |1A019, and | A020 were synthesized by
Keyst one (Division of BioSource International, Canarillo, F Were
PAGE pur|f|ed 25 A general schematic for this anmplificatio

i 11 ust r atWQ 4140 ®Pgure 2A-C.  The ability of 1A012, LAO lzﬂ’ﬂﬂlﬁﬂ@ﬂ%nd

| AO15b to convert the ssDNA tenplate into a substrate for T7 RNA

pol ymer ase wa anmount after
transcripti onssf&éverl a Bé)@g&r@% d%‘r“S@S% ‘%“?eo?frﬁgﬂmﬂmg‘n@f ‘H’%’%‘?c
ol i go pr deethémtal Kaed)angslificativrimethot lbf TSV éntioRi$EHoMN if Fakirg9 UaGio | AO09

Is a 100@ &‘ tg ,the sequence of : AGIGTCCACCCCT T T T TAACGGACAGCG
70 3 1 AUNdgiane 1&%@3% coligengmny DN Aq lang B: empty; lane 4: 10° copies E. coli

NO 19). %%rgﬁ%be ensi on wagp? perﬁTW?%%e%W%'gﬁéﬁ I'ng 20

mM T3 i s- Hgdbe.pH 8.5, 6 MM MgC [err], 1 mM each dNTP (dATP, dTTP, dCTP,
dGTP), 100 nM I A009, 100 nM PTO and | Unit Bca DNA pol ynerase. Reactions
were 5 constituted w thout Bca DNA pol ymer ase, heated to 950C then cool ed

over 10 :-, . OpvORSt DNA polwie, . ROS. T €
|nCUbate i ¢ e 2 i b A ---' b

m xture vme;thaﬂdstllmehrtdlmltﬂeaﬁdard RNA transcrl pt ion reaction nixture and
e 7 (R rR 9@3@@9&%@9% e b RaplRagen 6 "
o 1S panBhes A g | AD12, %'%%?h %ﬁ%"‘i %’?9‘”" ﬁ%@%&t‘{’%r&’ 015D,
r'espect i vsllpul reactjang ¢<mmmhg 26ronM TeisAHOL pHH8 50610 atMiNgChel OmaMstA TR 10N

of 1 A012 TBM GBEL 0 M0 SRMLAG T%ﬁsg%éﬁ%&mt@ B SERERIBTREE spacer

(1 A015b) DPMSD)8otighesiond00 apinyl d&b&ﬂ&éd BEA %nwém%tm,lﬁ(} 0 @Uhxtgﬁls es,

however, rrultlple products ap eared in addition to the tg RNA band A

fifth PTeqRmbinaatirhsyclrseiipibitor{rRNasinRramega MadisanaBL ulMicomposite a
f hepsl (r)rgqu e &E)gér’t? n&hce O%tcxﬁﬂg& ld%ﬂ%&gl&egﬁ{)& E@Of)ﬁkq gg;het %cg g‘? r@Frrdcilt-leof
t he: PTO dlAOI5@ds dfsclomi intHxantple I.0The'sdqueice ofeomposiegidmers 1A005 (@D-mkien of a
function ad sﬁoseHD in %’ gule n&ﬁert c%n%pr})%ug gxpllnlei se%%telltc%;] w?trho ll)JlfatnSﬁnierical names are
as follows: o _ _
_ IA019 (20-mer) ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:2)
20 TA020 (21-mer) GACGGAUGCGGUCUCCAG’I_.‘GT (SEQID NO:§)

Four other composite primer sequence were used that did not have alphanumerical names.

Their sequences are, respectively:
(1) GCAAGACGGAUGCGGUCUCCAGTGT (SEQ ID NO:4)
(2) GACGATGCGUCTCCAGTGT (SEQ ID NO:5)
25 (3) GACGGATGCGGUCTCCAGUGT (SEQ ID NO:6)
(4) GACGGATGCGGUCTCCAGUGUCCA (SEQIDNO: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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20 |l eading to non-specific generation of transcription products. The.
performance of 3-bl ocked .and unbl ocked PTO in the enhanced i sot her nal

| i near anplification was assessed from anplification of a %y%u&@mﬁc

ol i gonuciwowi/Qdess ar get, using the standard conditions. Thecusedtsaeked PTO
(1 A0O15c) produced conparable yields of specific RNA as | AO15b, but with
significantly |ess background, as shown in Figure 8 (Lane 1. nol ecul ar

wei ght | &NAroligoavrleotide synthesisa Methads BoEndymelegy, (in press)). Printeds were PAGE 1 h;
| anes 4’p$ﬁﬁeﬁo DNA, 2h; lanes 5, 12: 1010 copies 1A013, 30 mn; |anes 6,
13: 1010%copres | A013, 1h; lanes 7, 14: 1010 copies 1A013, 2h; |anes 8§,

15: 1011 copi cReactibris3vere askembladaqieh hlp BémporfenEexeptthe RhP&e9thes ( WARASD) ,
reactions 8-15 were bl ocked (1A015c)). gative control. reéactions (no DNA

t enpl at e)heatiag tocHbCifernld secondaiima pipgrammablethermabéyabér (GeneAmgH600, Fegkif) wer e
anplified,by 30 strand displ ace t £or 30 mnutes, 1 hour, or.2 haurs at
55C7 wi t ﬂﬁa{% ERACKiON THRge £p0led taroPoe-Gy o1 Lipen aithining dhe owes trrapesaiees 8,08t
reaction. ' . /

peri s JEITRAAR H cafdid ot » B/ BEtSck soliof Wity iy iarbel SIT0E0, e
i degt i fljcmM 'Bﬂs-HlfCllﬁéSSpw}ﬁfglR}ﬁerﬂ\l‘lghﬁduie gmﬁlgmli RiN:sc ll-l__‘,l];Epweﬁ_ﬁ-kGd ]I?TO S
produced pr ri i ngl.e roduct . anple 4: Amplification of a
gene squ&ﬁth(ﬁSP"éﬁ g@h%‘?ﬁ %-%Iﬁmtstﬁﬁatm@* wlymeraselul;dignxeréed | i near
anpl i fi cayl | beh_ K82 ¢ 079 gr own
over ni gth1 ?ﬁgo Tr yBﬁ%ﬁ‘ﬁ%ﬁ%ﬁ‘%& rﬁ%qﬁcgﬂ%&atv\%gsé i6§ 0 géré&%a%s ?S%yrre

di g@st i onheeat ofstht iftubativn] fe@ctiond weré Besled RP4'C unYis RN S gthnkchiptiod. BRNMOZ0l Kit,

Mol ecul ar "Research Center, Cinginnati, OH follow ng the manufacturer's
r ecomrendeasgriptioawaseerfomedrat 37 G fart3drauss in0l Omd reactions ¢aptaining?/5 ul of

Bact ozyratipoRupaaaErAeton hove, Mo Bl THHoa i B30 A CE SRR =0 "
resul ti nOTYSE aM MYClS; 1 Rng/ail B, P edchirNgP{AT®s UTE) CTH, GTRt  any
visible.cl ua of .undigested cells. The |lysate was m xed with 4 vol unmes of

DNazol r &g M2 PMSO ReYaitiul FRNasin éPromegadviadisen, WHHnd20Unite That ed -
foryslS mMpNAGI rg,&cmf eﬂﬁp .“%\IA was precipitated - 15 from-the
sollut i on by ?S’d‘la‘%? on o V% VO i&%g’ I cCeé-cold ethanol. After incubation for 5
m nut es at r ochhetprogiuetsaifitheenhaheeddireai amphifietioDiénesated evith éach of they -
. trif ti for 5 I nut ' ed i ) G[,0- trifuge. Th
R PRl By v oo by B RS ot ot g U Aahe B T
molecular weight ladder; lanes 1,2: IA015, 60°C; lanes 3,4: 1A019, 55°C; lanes 5,6: IA019,
60°C; lanes 7,8: IA019; 65°C; lanes 9;10: 1A020, 55°C; lanes 11, 12: IA020, 60°C; lanes
20 13,14: 1A020, 65°C). The composite primers were designed to hybridize at the same site

on the taigef strand, and differed by the number of dc’oxynucleotides at the 3’-end. The

~ highest yield of RNA product was produced with primer 1A020, followed by IA005 and
IA019 equally. The other four composite primers yielded less RNA products. The optimal
temperature for the isothermal linear amplification step was different for the different

25 primers, as expected.

Example 6: Isothermal sequencing of nucleic acid targets using the linear

amplification methods

Nucleic acid sequences to be analyzed are first isolated from their sources. Non-
30 - limiting examples of sources used in this example are animal, plant, bacteria, vituses, yeast,
or fungi. Ifthe source of nucleic acids (DNA or RNA) is from animal tissues, then the
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et hanol, centrifuged again, and resuspended in 1.5 m TE Buffer (10 nmM
Tris-HCl, pH 8.0, 1 nMEDTA) by heating at 50 -550C for 30 minutes, with
frequent agitation. The resulting 20 sol ution was passed rgapqgg%j]gy t hr ough
a 22 gaqug,q};/(“ nge needl e to shear the DNA and reduce the viscosity of the
sol ution precipitated again (EPI005-35) by the Z4dTUSOHRSI84 1/ 10
vol une of 5M ammoni um acetate and 3 vol unes ice-cold ethanol. After

st s isHehozbniall of sofeardd f SRR T fitnd B EBaehafET Rl
et hanol , l@&ﬂhfclsémadd frofi the camtbcbe tissies ITAHGTiIsieRertRed W préberdbiradatiohnwo

d||ut|ons n TE Buffer were prepared for O D. neasurenent, Bec man DU640
spect rop Wét )RNNW%HBCWISM!%FR:EWWM@WM genomig dyripg the

aigﬁ(r:neztg rl | ?’g%%%t \%’ﬁ %ﬂf@ %ﬁgﬁ&%%&}ﬁ%ﬂﬁcﬁ%&%&%@ﬂwﬁ,uw |0 ul.

The ﬁveraQEchBRE loe $iond 1oh-PrOfis bo 868 1.6, AdéridantTissu fvpbl:mafer( AJCCTYIs to
approxi mately 2. 5 X 109 genone 30 copies / 5 ul col i genom c

DNA =1 cobgpending on the foow ofypsleio/mid ﬂ_psmisgemmw tQ@!LBNAi, SO mRAN

enhanced t | in

109, 108, Mﬂ%g@gﬁtﬂé@ Skﬁg‘g"‘gﬁkg° gls Iotndin %&“%ﬁeli{&%' Sy sﬁ‘g‘?"gfs tép

ni nut es fxsblamgdudwic mﬂlfrbn@pnht €gls@an alxe. be&l')m! if-CuitentPrestol s elecul aNA
also was djluted to 9 cop |e% 5ul. Reactions were assenbled to 5 contain

no DNA,  1Btologypsapra, Jg thesourcent puelgts acidhisdeom porraiammaliapgaurceasfos q&aaw!q,on

f o PR
vt or RIS Peath [l o e e GrgrenChraibel o o ssalal incheacip: |, T2
(‘dNTP' s f’fhnsemmm«m beabwm\marﬂ%gk ytadr ad Curfiedd Pragooulls imddoleculneBioBsyy
(Ambi on, fé\u?)tl n. %%f}%%} %’lfint .S/ uI reconbi nant ribonucl ease i nhi bitor
(r RNasi n, % 8?}51633ye t .5 uM conposite prinmer | AOO5 (sequence
di scl osed in EAﬁiﬂiﬁ@aﬁbhonQ@défMedRﬁl?@pﬁlﬁlaémE&fu%n&thWbﬁpﬁd&c&l%ﬁ@

| A 5C (sequence disclosed in Exa Reacti1ons were assenbled with

al | conpofes irothezpaldinear amap ﬁ@txenz@sfﬂ@gcnmﬂtlwemeawwngtmlO‘bmnqsas used for

" adt onstegibit I ERA o6 PRl Aok BomlciEREe Bl st NP Db 6

of 'RNase wiedFor the atiplifitdtion mithed, ehle Meﬁaﬁl@reﬁcﬁdnmm Gicladus Hid lrabeledl 10 v

Tris-HC, 8.5, 30% I b d t

M;h;s son, " \#Fom&fnglo% gkég&{;)gg}og &Nungciuc labelecP, Iaflefg  ca -Lecagged inthe same
reaction tube. Otherwise, if each nucleotide analog is labeled w1th 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 truncated extension products afe labeled. The accumulated

multiple displaced primer extension products vary in length, according to the site of
incorporation of each of the analogs, which represent the various sequence locations of a

25 complementary nucleotide on the targei 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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pol ynerase (2.0 Units, Panvera, Mdison, W) were added. At the end of t he
60C incubation, reactions were cooled to 4 *C. A vol une of 5“@ L&b

st rand- di spl acenent - product was added to each RNA transcrlé A @aotlon
(total vavoow20885 ul ). RNA 20 transcription was perfornmed pgrigod/isgost andard
conditions and scaling up the reaction volunme to 20 ul to provide
sufficient material for direct gel analysis (5 ul) and probe hybridization
(10 ul). f@%ﬂnﬂ@@dtrh%cﬂambndﬂtloas foo nptnhalqmi'fumdn- Wequatcufgramelysxs wodonding ¢

nvent of f‘&&dﬁﬁqﬁ%@f {18 ixGn alkmig hosador other Mewlously AcychEed DEMRs-on of
a SsDNA produqte' tgdi"}frin'f@‘éxéns@ﬂ‘groduzﬁ‘%vﬂl&{ agfckﬁﬂ‘mﬁé infaclsiiAdiR it} op for

pri ner exten5|on can be achi eved by a bl ocker r|d|zes to deflned
site on tthnesmﬁgencosmrahm afelongation ¢ermiaatok, arel sam;bpm;atetdlwnquny of & xagcty

Al t t th nt f
1 S ety B SRR ey BB PURIG R T Ll v
to the f feach 660N ers 035 3
1OAUGe. 005 béd)glcgla'/ usoo/ 25104rgnsagdécess ullgvi anp ?%ng%%ﬁfégﬁd%z%e%%w

sequencet@tngfdmm@ sepuengg. t he enhanced isothermal |inear anplification
nmet hod of the invention is shown in Figure 9 (Lane 1. no DNA, |ane 2: 107
copies E. coli genomic DNA, |lane 3: enpty; |lane 4: 108 copies E. "coli

genom ¢ [E¥ampld e S%&Eéiﬁlﬁg Bﬂﬂﬁélekicﬂhﬁvgbtﬁ fsil thhth&l ilﬁFﬁﬁé\Qféﬁ' fic.
ol i gonucleotT de proDe. npre 5, Evaruati pri mer
desIgan on .t heAm1féﬁaﬁtﬁn@§ﬁwfde&np¢mnu¢lg@taneirs¢quenqeneaarnadrpmtlas dembod The

et hods. o Pieeial infie sl Acdt BF wi BRGNS RlesPRbRots HORUBRR AT T, Cal on

was perfdiltlnadlscmm'm mbrPE@Cima}ﬂbeuﬁudttahﬁpeﬁﬂtBQ fﬁ%ﬂ'rbnﬁ:tdi/ls eduidnée to.the 0 | NM

MDO2, 1.0 dCTP mV dTrP. 0.8 nM dGIP, 0.2 nM dI TP
(dNT?' s - Pf‘gi\'rq %‘fféﬁé M@Phé‘w‘g{ly&ﬁéﬂmﬂ @o@e@gwg ribesyfeotided BSA
Anb T

i s AT o o R SR M

pr obbt er 1@ th«rmr@pet ioventiom, mesoquememg PEaCkioh Alitme: also éncludes drmpuipnﬁtbo
labeled triphosphate analogs, which are commonly used in other sequencing 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
not limited to, bacteria, viruses, fungi, yeast, plants, and animals are genotyped. Genotype
30 specific primers are designed either to comprise a 3’-end nucleotide which hybridizes to

one genotype of a specific nucleic acid sequence, or hybridize to the counterpart genotype.
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| AO15C i s disclosed in Exanple 1. The sequence of conposite prinmers | A005
(20-ner) is disclosed in Exanple 1. Qther conposite prinmer sequences with
al phanuneri cal nanmes are .as follows. 1A0 19 (20-ner) 31 AUG 2005 -

A. CGGAUGCGGEUCUCCAGTGT (SEQ ID NG:2) 20 1A020 (2 1 -ner) -

GACGG. AUGEICHEAGTGT (SEQ | D NO 3) Four other conposite BETHBI0/25&Huence
were used that did not have al phanunerical nanes. Their sequences are,

CACCAT coOTp g loe PRI e xRt e e el ineler 1. 1)
NO 6) (4)niotdapolyauphistASMRYInder(iGisdIRiogan tidkige conposite priners

were synthesi zed by Dhar on Research, |Inc. (Boulder, .CO. The RNA
portion of thexﬂﬂ?é-'é‘ﬁﬂﬂ ggﬁ‘r’*d‘éﬁﬂ@s‘a%?hw@gicﬂé@ sequenge &s @m@z quj bs desotibed | ng

ro in i | ' 3C1 Q- ' 2' e ord hoester, protectin roup (2
go g?sl(acgf?ox gtﬁﬁ%xy wn@tﬂﬁgﬁc gt%e‘réegﬁé&g’ 'ﬁﬁaﬁ?‘%ﬁ‘ﬁ"q 2, sgx_gﬁéx? g%toqme pJ -
Am  Ghem spBoific prihdét ahd TINAIpbbrheraseddBich 0 \devoidof p@of readi ?ézigeggg&ned

5' -silyl-2 -or.t_h%gster, approach to 74 3 1 AUG 2005 WO O
PCTI USOQ 8B ¥AIoRQA apipligisatien preduetdndicates the ipresenes: oftarget seqmney nfthe gefined

ress)). | S Rati Ll A e 8S d wit | |

(F:) o] rrpo%Zant g’édg ept e ct8 WO etﬁ%@r%ﬁ%?ﬁééﬁﬁgﬁ%e 357163@%? pI’(ﬁneé'B% g?‘?ds I n
a progr almml_ euctlgieranhl sgqygdcerwi(lcmﬂtmnﬂm&xtt tiofte rm;tbﬁmp;ﬁﬁatmgp}oddce@tct i ons
were coo 0 err] G err]C n aining the | ower tenperature,
0.05 Uni t‘?"g?ct‘ﬁ\é% RGP .YP{"@HS #F&?H? ?R! f@tqgﬂml of sipgle syrandedinygleiedicidy a

di | ygnt/ s§ i DR ThinSa . +:3Q9 : ri dase
ther uost ap e, WicH i Rllowd i (3. Fof exXirple Rhe By B {CHERIR fanbieR ;7S
Bea DNA poligpriclgetide probesto; theamplification ipeatiustis, detcredin gel eldciesphotidsis.

he. i noubat 1 on™ PR PPERLR esehEite o siploidetl i Pt sootiach fferinadoma.

transcri poﬁlmmdwsotwrfhetefwgafeg%ﬁ_ ype)'it i3 FERIHIE td ardyPout the AR Ai,o %‘\Athe

containing 2.5 ul of _linear anplification reaction above, ‘an
Tri s- HOl , SPGFIfig nycletncid tacggt sequepesmaingrpecificprimesividrt are dpsigiedfoucither BSA,

3 miyseachine Wifd tifef ind hliEant gl%ty;%]_ br 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 or less -
“amplification product is indicative of a homozygote genotype, i.e. either wild type or
mutant homozygote. The detection of amplification product in both amplification reactions
20 indicates a heterozygote genotype. '

- Example 9: RNA portion-based isothermal mutation detection utilizing amplification
* methods

The isothermal amplification methods disclosed herein are used for the detection of
25 defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid sequence.
The methods are used for genotyping or detection of mutation leading to drug resistance.
The target nucleic acid sequence is single-stranded (ss) DNA. Single-stranded DNA target
is prepared from a double-stranded DNA target or an RNA target using isothermal
- amplification methods described herein.
30 As shown in Figure 4, a composite primer which is complementary to a wild type
DNA sequence is used in combination with a ss DNA target that has or is suspected to have
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Anmersham, 7.5% DVMBO, | Unit/ul rRNasin (Pronmega, Mdison, W), and 20
Units 17 15 RNA pol ynerase (Novagen, Madison, W). The products of the
enhanced |inear anplification generated with each of the &omi6g005e priners
wer e resovoetdegs gel el ectrophoresis as shown in Figure 10pdtmedae29104

nol ecul ar wei ght | adder; lanes 1,2: |A015, 60C, |anes 3,4: |1A019, 55C

| anes 5,6: 1AQ19, . 60C |anes 7,8 |A019, 65C, l|lanes 9,10: |A020, 55C

| anes 11,2 MYatQmiHIn gGéIGE&H@§I stiny. Bbout 105®, abeg)0" copiss o6 thessDNA

primers ' o Fdi ze t.ne sanme si on the.target strand,
and di ff%ﬁ%?s’{b%gpﬁ'ﬂﬁbsep@w I‘c‘r??;?ﬁ%BFB’c?Fi’aé@ ttfﬁﬁef%mc&ﬁﬁ?eqﬁ'%@e hi ghest
yi el d of aRbatipn ddeshotyrevent GRUAIEH] e I 4.,A005 and
| AO19 equal ly. The, ot\kalgfvfour co os‘isé?femE i %lﬂgegﬁgrgée@b*gl\gggﬂ%«slgﬁoducts.
The opt i rsimerhghridizes torthe targetsaquance to-formethe first¢gmaleqiliricomplexpandstrep was

Seauinct 1 Ao BEpdd I<ThidE. & PRBRlCIGES misediP e leaves 57 RN it OHBE nods
Nucl ei ¢ axteidetprimer 66the @oRplex) AMhé tRAvageEof the WA.%h%Qﬁtﬁé.&mr%ﬁg -

sources. Non 30 |imting exanples of sources used in this exa

ani lmal . [PTaReE, orthe PEmeE extension produgtoby Rbfa_so H iswfigcted rr?y thepreseoce ofta of
' i - ' ' ' 31 2005
00 01/ Sogtistiaich idifhal BiebeeltdyBeR, e Fitayais phti, o et e effcisncy gbfi. e

to sone foleavsagel [Tlie waxablep of bindiHeofalo B :
ag lep ©f binditigtof mgc gﬁﬁﬁpfﬂathé%gﬁgﬁk 9.@5&3&@% and

conpective ti . Caytion js _exercis revent degradati on
RNA,Péaes pé’?ﬂ!ﬁ ? f}ﬂﬁﬁmm%&mm@tﬁ by a mismateh forrthe sdasgr desciibedubaveluTherg t he .
handl i ng jRdhiitd & Fi ' . obt aj from comrerci al
sour ces, l@béﬁ_tp?fgh%co_ ,gbg;?‘l N ?‘gﬁr#bn%gﬁ& g?gir‘igﬁ‘g"i&%‘@&#?%?‘ SRR YRS ssue
Type Cul textessionse@)d displapemetitiand produttior of muhiplaecopie of tacamplifRationd,

genomn ¢ ot.al al. can . be jsol ated by follow ng standard
pr ot ocol %&ﬁﬁdﬁ'ﬁ %"8@%@%&?@ %’d?f?%\‘.i‘e‘ispgt‘%&‘)'}’%hqeéPY'-SFISQ!P"&‘PPHQ}""FFECI eic
aci d froprpthenéquiealest iédhsal so be found in Current Protocols in Ml ecular

~ Biology supra. [f the source of nucleic acid is from non-manmalian sources,
forlexanpl e, Foctopnwhichicantriputesto the inhibitiorvof piimeskyhrididatigh ircjudd ithd sizeof

pr ot ocol ' . i c.acid. hese .protocol s.can be found
in. Sanbr %@%@a _g.%ﬁggﬁr !‘%&1‘? ¢ E#%Jthgémen?yno Fé‘?ﬁ‘fpg? %‘ﬁ'i'%ﬁ'cqe pctors
bact eri aare/emsidercdiinghe desigh of thelGdifiposite primer, according to techniques well known

and routine in the art.

A composite primer that is compleni,entary 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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Amplification of the defined target nucleic acid sequence is carried out as
described for isothermal linear anplification, as described herein. About
102 to 1011 copies is used for 15 tenplate. In addition tojtNig 9@t ural
deoxyri bonucl eotide tri phosphates (dNTPs) that are used for the _

ampl i fi caVPIY2ME8hod, the sequencing reaction nixture i nclPGTAES00RHY abel ed
tri phosphate anal ogs. If each analog is uniquely, |abeled, all four can be

abel ed Wi et idh e o B0 Shehina BBt AUAURRE BRI R | our
di f f er entindicative afra onnekgenotypei ch each reaction 20 mixture contains one of

t he nucl eoti de anal ogs. These anal ogs are incorporated to the priner
ext ensi on product by the

al ong t hegpyd
| abel ed. 50

oo at e > e O e e et Naizdo ok
i n 1%ngt hspecific probehybddizttorsi t e of i ncorporation of each of the anal ogs,
whi ch represer}{{ &35 arious sequence |ocations of a 25 conplenentary
nucl eoti de on Y %@éﬂ@@ﬁ&gm&ymﬁ@wmdﬁw incpreviovpexamplesst s f or

el uci dat i InSRAUSTESud ' . | 0 [ i.ng, the
products oﬁcgﬁlgel. Alg}"tlaérn %ﬁ%}gfﬂy@tﬁ@#gﬁg ﬁ%@segg}cpgél?@%ipgﬂ%%%e used as
wel | . Qs advamaﬁhengiangdmhamal veeithvoabisf, thé hﬁexftﬁmim theagplifiefionr €
carried out either in a single, regction vessel, or in separate reaction
vessel s.’ PrRQuct ﬁg}eéaée(gpy H’&’H%h%l 8F§’5 Ipecagion s sipgle pianded and rendilnawilableitae 30
{1 | BNOS DI Bod Ak MRS H of U iSHe 3700 bpddiflc RHAIRERC Borlifespent |21 1Y
| abel ed, the seduenci r;ghreactl.o can be Carrie out 1n a Srngle vessel.
The considssigaed vsirg methodhknaen it theart3ltis passibROBSletrBirIHyboidRAtion criteria

PCT/ US0O0/ . t reaction.conditions for.optipal performance of
sequenci n‘éhri élggﬂlgglfp%%ggg%?@wog? b%rﬁ‘gz?ﬂnﬁ%mpﬁ?ﬂl?“ﬂﬁ% g‘?ﬁ“"ﬁ\t?&{% m | ar
to those dmplificatiar ofvn@\genotyby af® A6t the BthelESdaacifoe vRRRtON 44 #hall ¥ Plinglei MEr
ext ensi on‘g od&cts which differ in size in accordance with the specific
i ncor por AMCERUST cal RIRYRRE Proabe hypridization. Thefellawing faetpesiase takenisitong any of a
varjety . ; : . p | f the pluraldty of
pri lrr%r exo'? lelﬁg?ﬁ&gﬁgﬁé{?&s}%}dmg%\?\# x{oRe ieléggw ’% RS kagm't%eorf :‘ﬁ'en%&%’zé?hgpog S
i ndi cat i weactionand bufifet capabitios duipartieulaf ditvilent ibe sonderthier: T stob&aisedce.

e o MG Bk 5055 S e Y2 i b BB e o o
as aﬁ esc Ir g{’?’%ﬁ ,"“5’2’%‘2‘5&?? ll)are&aicﬁ'edrr Adhedd9R ehdteRbf 2 Specifit! GildinB\palr'4ha thus,
- “able to specifically bind to another member of the specific binding pair which may be
20 directly or indirectly labeled. ' '

- Genomic DNA is isolated from test samples by methods known in the art or as
described in the above example. Test DNA is combined with the described amplification
components, tafget-spcciﬁc chimera primer, and propromoter sequence (such as PTO).
The combination is subjected to incubation conditions as described lerein 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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Ei ther use of TSO s or PTO s may be used to append the protopronoter
sequence to the product of the isothermal |inear anplifi c%t i El[b I n
addition to the natural ribonucleotide triphosphates (rRT 51) W5 are used
for the wihemmess | i near anplification method accordi ng 15pgputdesipsesent

I nvention, the sequencing reaction m xture also irncludes the appropriate..

| abel ed triphosphate anal ogs, which are conmmonly used in other sequencing
net hods “Fﬁ&ﬂ‘iipﬂwﬂ HE&S et P"F sEample; displasedrip Sambeapkies al. suprac Biespesific pr oduct

St quence ORRIMBRIARE fa BnaRiclf 1Skl Shaftal Mohifts G GIPLBRIANGTY, o0° The ™
accunul adetdcted lahd peicerddd bplcampdtee ulgerigins) products . 20 vary in | ength,

according to i)he, fi te of i ncorpgr ation of each_ of the anal (_)tgs,‘ whi ch
represent t h&atics asspoiation dug de hybadizationof specificpropeetecamplification produstsie on
thegtarg ' P [ duct i.dat i on of
seqaencegf ?11?&(;?%3? %c_ géz?g&?é‘s%@rr %e%&?ﬁagé' gébzf?%l ?ﬁ#él%élgg{dggg quenci ng
exanpl e. geherabed ayd proguct Gybridigatiorgtoystobed inambilizeddh s6lid smgasts iy detsted

anpl |f|catﬁllon. ‘Egg genotype specific conpasite prinmer Genomc DNA |s

i sol at ed 24 BRFPEAEE OY Campy °&§1igﬁgﬁwm- hehegeperation oilabelad pmplifisation preduepises or
by ot her [ | ' . OF ' tnel udi ng,
put ot S en oS00 fhobcBoloiEn B e el TP 8t el Brio A" g
ar e genoof peciof tike fror yINEPSDy a pNTPfanalogy whieh s labeledleThehubel iiatdyesortasnedinpr i se
a 3,,-end_nuycl éoti de whi.ch hybridi zes to, one genotype _of a specjfic nucleic
acitl seqiRSiealc 9 A3 Befiny WhR s e dstied By E@Ftngdeﬁa??ﬁeb}ww‘@&ﬂ%% 31
AUG 2005 as RibtlellsRgh#adid4 M&BodSRH 8RE&IntATb HyBRidiatiBh BhbRd sﬁr?fc@é %:gc
genotypes may _be point nutation, singl nucl’eot 1 de pol ynor phi sm ( SNP) ,

i nserti okBownlikthedrts and the |ike. Amplification 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

speci fi c Bxample 1BnGembtpphel By ESSCP (RNACSingE Sieaded Qonforationeadi ng
activity he eneration of anplifrcation product T1Tndicates the presence
of ?arge&i"éﬁﬂﬁ&sof the defined genotype. Sequence variation that
prevent s quibt/hiliedatdREd tl;,,lwnmﬂ ' € i nucl ei c
acid seque.ncg'b\jm\nglf‘ pr evgélt a ff?‘lﬁggil?gﬁggﬁﬁgua%‘ﬁtwﬁ%{%agﬁ&%:qg U&t is
det ect ed ubipg semethedsadeseribeddieseimand byl detbminatiinssfithe slecfropticretichantdr anded
?._Ud elrc %%%tedm 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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10 sequence, which is known in the art. For exanple, the hybridization of
specific | abel ed oligonucleotide probes to the anplification product is
detected by gel electrophoresis. In cases where the genotygrpgmﬂgwgiploid
cells is i g, such as the determ nation of honbzygote or (er ozygot e
genotype, it i's feasible to carry out the anplificati on of PFEHES00Z34; fi ¢
nucl ei ¢ acid target sequence using specific prinmers which are designed for

ei ther lachidved by intlisioncofardyeivterddlatof "Phe/dlsotrodphofefie paRARI R AfifdhgoPt Ner
e

genotype. The anplification reactions using the specific prinmers ar
carried Gt IQ@ﬂmaaqdéo thafiamplificetion products genteated by amplificativaldftargett i on

W
duct i . j | i fi i duct i

Pha cat i vidgle doi@ SEubEacdniled 15, Gt FkRows BRaatybg: rany SHBEEM Gyt ant

honozy got electidphordic ability pafterar® indiéfivt bP&qﬂéﬂ%&&%ﬁ}}pﬁP%_c@Wzﬁbﬁ gfion

reacfions, 20 indicates a heterozygote genotype.
por t1 on- b amplifieatioamathod of theiinveniion and rSSCRipiovides ngimplelmdthazbfor both the

nmet hods T, i lifigatio t hods di scl osed herein are used for
the detec |%dr};é %mg@hﬁgwoﬁ&'%iogﬂgﬁn targst WFWE@‘{C&?W% h as
SNPs) , i npravioasly defied PeRbtypes méaemph@geﬁcﬁaﬁergwmﬁ@i&n%elemﬁi for

o dru

genotypi;&ﬂor deteat'on of mutation |eading t g resistance. The target
nucl ei ¢ aSAHeRSEY QEficiined genotypes can be prrdatermiopd,omd thepatigra generatedibyl DNA

target i§ : ! S d rget or, an.RNA target

usi ng is&?ﬁgﬁﬁiﬁyaﬁgﬂ%?fﬁgéﬁ?ﬁ?gﬂbﬁgﬁﬁéﬁﬁgﬁﬁﬂﬁﬁ?aféguﬁﬁ?%R¢W“9ﬁ9’&?“@H&mn in
Fi glff e 4,dedermingtiosi t e priner which is conplenentary to a wild type DNA
sequence is used in conmbination with a ss DNA target that has or is
suspected to have 78 3 1 AUG 2005 WD 01/20035 PCTI'USOQ 25104 a nutati on
within the allele under scrutiny. About 10[err] to about 1012 copi es of
the. ssDNA target and about 0.05- 5 M of conposite prinmer is used. The
presence of sequence alteration. does not prevent the initial step of the
anplification whereby the conposite primer hybridizes to the target '
sequence to formthe first tri-nolecular conplex, and an 5 extension
product is made. A ribonuclease, RNase H, then cleaves the RNA portion of
the extended priner of the conplex. The cleavage of the RNA portion of the
conposite ‘priner, or the primer extension product, by RNase His affected
by the presence-of a msmatch. This may prevent cleavage, alter cleavage
patem or reduce the efficiency of the
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cl eavage. The next step of binding of a conposite primer to the conplex by
hybridization 10 of the 5.' RNA portion is inhibited by a m smatch for the
reason described above. The inability. of the conposite pri ne?] t/@ :

hybri di ze to the target prevents further steps of primer exte %i ﬁz@g’rand

di spl ace fépy ?ﬁyﬁ ples of the anplification
productsnsm% ep‘(, I cat pro?ddﬂp‘&oc ack thereof, is visualized by gel
el ectrophoresis or other equival ent nmeans. 15 Factors. which contribute to
t he i nhi bition of prirrer hybri di zat | AR ude the size of the hybridizing
ol i gonucl the stringency of the reaction condition. These factors
are consi re In tﬁe design of the conposite priner, according to

techni ques well known and routine in the art. A conposite priner that is
conpl ementary to. a mutated DNA  sequence is. also used 20 in combination
with a W| Id type ssBrmethed fuamplifyissapelyimurieetids sequanse remplementay todescr i bed

above. tatr%mg'ﬁﬁﬁeotc#é énggg?lﬁgﬁgg to the target DNA and under goes

ext ensi on tre §ith RNase H, nore prinmer cannot bind

to the wild ty@ DNEybridisingus: gw‘ st EDNACRmPlaS @it isHitEthe fatget squehbee to
no arrpllflcia]tlon product is m The anplification_products, | ack

t hereof , PN COMPOBiScRIIB, said cempesitegpsivnr compriging an AEW’@Q@P@aﬂePNAreans
Par al | el §iohi ons are also run that include either the nucleic acid sanple
of intere t or. reference sanple of target nucleic with a wild type

sequence. Accufh)l at optivnafly hpbridizingiarpety muleotidd @mppisiiglcteamination he f or mer
conpared to th reaction is |nd| cative of .the presence of a nutant
genot ype PRIY P'ﬁcg“g@ﬁﬁ?‘ﬁ‘eﬂ?e for regioarof thy templatg Whish js 5" \Widhrespest Ebnposi te 30
primer co |1y conplementary to a. normal
genot ype Hﬁ%ﬁ%?\lggog%he%@%%%{g?ﬁétgh% Jt‘!f’jl cation of a target sequence
of the nutant €@not %tendlsgﬂ@ c@mpoﬁt@rﬂﬁﬁﬁmth/mlpaﬁﬁﬁﬁisPCT / US00/ 25104
prevent ed, and et ect nd/ of. t| tati

d
ampl i fi cation F)cbodufﬁ % P% f‘é’é’f’i“?}’e ewwﬁ?meéﬁ{?t%%r'mﬂs%?n@%

Genot ypi Nehatilesias RNA Boh & REWDNfA Hﬁridos%cﬂﬁ{ahaii%&% SRR Mitfer 5 specific
probe hybridization Methods for sequencing by hybridization are described

in previ obgbridizasse the templatecandirapeatsprimér extegsion by stramhdisplycdmenty br i di zat i on
of specific pr %@reb? rrRx?tlplé 8gplgsr ofythe complementary sequence of the target sequence are
produced.

2. A method for amplifying a target polynucleotide sequence comprising:

(a)  hybridizing a single stranded DNA template comprising the target sequence
with a composite primer, said composite primer comprising an RNA portion and a 3' DNA
portion:

(b)  optionally hybridizing a polynucleotide comprising a termination
polynucleotide sequence to a region of the template which is 5’ with respect to
hybridization of the composite primer to the template;

(¢)  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

83



advant ageous using the isothermal nethod of the invention insofar as the

anplification product generated by the nethod of the invention is single
stranded and readily available to 10 be used in hybridization 3ddf Atfpes fic
probes. Probes specific for a defined genotype are designed using nethods

known in tQig i [ @l ne hybridization criteria which
w | | supptosrit gggf)g%k)?\t/%ﬁtp‘fnm I’E{’/m%‘gﬁﬂﬁ] to anplification products

generated by anplification of one-genotype and not the other. Sequence
vari at i on U@8scsipEpR toseechr by RilAepolsimerasetsude thebtRNr teanseriiptp nretprbduzed di zat i on.

The foll owy 1. re taken int 5 consideration for hybridization
criteria: %@ggéﬁg téé;‘{;“t%‘ﬁ&st% 2B em?%ghetdﬁ@%??‘gp‘il@ﬁz%t?’ﬁwn I?f\é‘g‘&t%’on, and
buffer conposi twhefebyiniultiple icbpieh 8f theitgbeRbudneaePRGRIREY At i on. The probes
used for the ananlysis may be,in solution, or may be attached to a solid

surface. Further, the probes may be directly |labeled or attached to a
menber of a spaqcifi .0l i.r and, thus, .a to specifically.bind to
anot her marrber%bf tﬁggg{&g%q%f%f%?%ﬁg?&g %@“WWWW@@%@C B?IPE%EtFy or
i ndirect| yrihrb® 2 dvitiREwt © thAY DNA potished fromtest sanples by methods

known in the art or as described in the above exanple. Test DNA is
conbined with the described anplification conponents, target-specific

chinmera prinmer, and ter .seguence (.S PTO) .. The igation is
subj ect ed 101 Houbad FoRLBAG ClRC Saein k4 B podioh is el genEube S 25
si ngl e st DNWedrtldNA anplification product. Hybridization of the

anplification product to genotype specific probes is carried out in
solution or solid phase with attached genotype specific probes. Since the

products of enlancegy r PN AN on.nmet ho re single
stranded, the produc%lgﬁ%?ﬂéaldé%gl y1 (glﬁil’te %‘%58@%{["?%%%‘81’?%‘%&“ elr%fephase,
such as wgbelss slide, to generate an array of spatially resolved specific
probes (i.e., gene chip). 30 Alternatively, the solid phase conprises

particles to which specific probes are attached. The detection of probe
hybri di zation 0 t hehapRtddi Tl i LEg: . | ous 80 WO
01/20035 3 1 AUG 2005 PCTI R0, §2 Wetcin b g6 \R‘/r{%u?ﬁt@ﬁ%"“g‘%{s?@%r

exanpl e, Hirmanayon golynudeotisicsequante & a temppataswitchndigepadedtide (TSOYbes i s

| abel ed, and the change in | abel spectral properties due to hybridization
is detected and recorded by conputer algorithnms. Particle association due

to hybridizatign of ThogfetHodofRIAAY; whirdkik TSP ke & At fication 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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5 is also used for the detection of probe hybridization. Label ed
anplification products are generated and product hybridizatio fgmfﬂﬁ?es

i mmobi li zed on solid surfaces is detected and recorded by congut

al gorithnms. The generation of |abeled anplification product is carried out

by incorpgsation of |abeled P [ he transcription step by

substit ut Sﬁ'@gaB?r%H@t‘?ﬂt R@'%rﬁ}(ﬁ%@}&] a rNTP anal og, which is |abel ed.
The |l abel is a dye, or a small 10 nol ecul e such as biotin, which is then
detected by bi itli ng The nfeftedidficiifiz)dihegieteipolynuslestide dmpraheled
streptavidin. Methods for detecting probe hybridization on solid surfaces
are knowRMPFemeter and regionavhighehybridizes o the slispipchy prissomt¢rRion [Spdugt & ast r anded
Conf or mat | i typing is carried out by anplification
of the spgéglﬂ%l?%%vg%ét i‘@geg@ce cid sequence using the nethods descri bed
herein and by determ nation of the electrophoretic band pattern of the

single strande$ RNA_product, which reflects the single stranded . .
conformation. The udae Brethodob claim 2 uthersin the polynuelqetédeccomprisingdhe on i s

wi dely us | L i nal e .stranded copformation.is

det er m negﬂ’iﬁ’if"ﬁ%& ecéilrynsgggge%@e%t eo§ge which é%fﬁ?eﬁﬁglﬂlgldésg’?"rc RBP&Si s. The
gener at i oextefisien prgtactstvherable DN\ p@l?:ﬁﬁard@v eaeidion ofdsplaved Primek ex@mdiomuc! ei ¢
aci d sequence according tqQ the nmethod of the invention, renders this nethod
parti cul aPT‘\?‘“%RHfP 2 figyible atranded eromeqtes fiem rhigntranscrptiam ascwg. t he
anplification nethod wth rSSCP analysis. 25 Purified test genomc DNA is
conbi ned with conponents of the anplification nethod of the invention, as
descri bed abové3. an@h¢ arethet of plaim fI2cwhakimthé pelypuclemideabhpriping pied Mot er
sequence, _such as PTO . The conbination is subjected to conditions for

i sot her rraPrOBF,‘HP‘i%Fﬁ 1§ ArRpyogpter FF@‘RIQWQQEO%‘@E‘W@%&PTQ%e reaction mxture
containing the anplification product is subjected to either gel

el ectrophoresis or capillary el ectrophoresis, 30 using instrunent and

condi ti ons knoWh i nThéimethod of Thaémd| @ whpteor stepsq(apamidbpatetperforméd inhe
anplifi caéii(t)%rrl g({eoduct is determ ned. The visualization of the

ol i gonucl lfl § f)’r oduct is 81 3 1 AUG 2005 WO 01/20035 PCTI USOO 25104

achi eved by inclusion of a dye intercalator. The el ectrophoretic pattern of
the anplification Er oduct is conmpared to that of anplification products
generated by ahpl i f Teamethedof claimdenr 2, wheteis stepsdppamskbameperfotimed ned from

cells of gi%%&%%'gype. Any change in the

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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el ectrophoretic nobility pattern is indicative of sequence variability. The
conbi nation of 5 the anplification nethod of the invention and r SSCP
provides a sinple nethod for both the discovery of sequence pp{yoppuhi sm
of defined target sequences, and detection of previously defined :

genot ypes q; lectro reti known nucl eic acid sequences, or
defi ned ggﬁggngg‘? p@ﬁﬁ%%ﬁ%@mﬁﬁnd the pattern generated by
products of anplification of test DNA will be conpared to known pattern for
genotype 10 de(i8r ni optiomlly h§BridizihgAlolpAREofilo 8aRpiEnd R tetinador- No.
200204820- 5, CLAI M5, What i gl\gl ai [reg ﬁsﬁﬁgﬂ A net hod fog.raﬁarrpl I fying a

pol ynucl e8elauclstideseguense i waionafithe template whichds Spwitl respecséd | de sequence
conpri Si Ny ol Z] . . DNA tenpl ate conprising the
t ar get seg %ﬁ@%at%g{fﬁﬁa&%g%ﬁ@%ﬁtﬁéﬁe?‘gbggtlgd conposite prinmer conprising
an RNA portion(and ax@hdibplthe qarposioprifb) wamjm?blymembah@lh AliR@reof

pol ynucl eg&jﬂ_ge C ﬁé,’k)si ng a termnation polynucleotide sequence to a
region of S AR angjoes isushsthat pripenextensiads terminatedmpprincarnosatiosfofiahe
conposi t e qRIPEAL go the tenplate; (c) extending the conposite primer with
DNA pol ymer ase; (0) cl eaving the RNA portion of the anneal ed conposite
primer with an(dnzywckavinhadic RNagpetoRd¥ihé aomsaid cCpos priidiith sedryideat
anot her ¢ mt)o]éi ter‘ﬁ\&%q:er hybri di zes to the tenplate and repeats priner

ext ensi onaﬁ’yc pyes L5 8 NAReridhspchnthat ppgthercopipesiteprimere

conpl eneng; i fnce IS S : hod
for anpli fgl?r_ﬁdl%q?ar geltngf&t)% %ﬁ‘u’%?éea%ﬁfg’é seq%lgﬁ)g g’%gﬁg‘? ?12]})‘1 %‘gé?ne(ng’)wﬁéxfg@{ di zi ng
a single mdfaade@iﬂ\uf the pphplementarypseiqaénng of ke tigepequare arnmredudsitol a
corrpositev rin [ ai d conposite prinmer conprising an RNA portion and a 3'
DNA - port ' anE Y88t i onal Iy hybri di zing a pol ynucl eoti de conprising a
termnation pahynuahfplihgtheTRPOHROGEstER B HFAIARIAD deREmiR By @ne Wi ch i's

5" with respect to

20. 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;

(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;

()  hybridizing a polynucleotide comprising a propromoter and a region which
hybridizes to the displaced primer extension product under conditions such that
transcription occurs from the extension product by RNA polymerase, using a mixture of
tNTPs and rNTP analogs, such that RNA transcripts are produced comprising sequences
complementary to the displaced primer extension products, and such that transcription is

terminated upon incorporation of an rNTP analog, whereby multiple copies of the target

sequence are produced of varying lengths;
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hybri di zati on of the conposite prinmer to the tenplate; (c) extending the
conposite prinmer with DNA pol ynerase; (d) cleaving the RNA portion of the
anneal ed conposite prinmer with an enzyne that cleaves RNA frorg apliR DNA

hybrid such that another conposite ﬁ;l mer hybridizes to the tenplate and
repeats pRiRgapexe patenhApp. Noa200204820:5enent to produce di spl aced

primer extension product; (e) hybridizing a pol ynucl eotide conprising a

propronoter angpa regd i [Well i splaced primer.
extension pr odgtgt uﬁgéelfﬂé‘%ﬂ{o?ﬁ??%‘%%‘?féi@m%h@ %P%%U&mfésgueﬁcﬁgapore
patent App. No. 200204820-5 transcription to occur by RNA pol ynerase, such

that RNA transqgriptg, are produced conprising sequences conplenmentary to
the displ aced I neffh%m%%r?l%mokﬁm ,whmm@QMpompn@fdmoemostethe

target sequaRe R NG : od of claim1l or 2, wherein the
RNA porti gn of the coe os??’ghegrpye}r?pﬁg@gg’ wWith respect to the 3' DNA

portion. 4. The nethod of claim 3, wherein the 5° RNA portion is adjacent
to the 3 DNA Qort';l.gn. . The nethod of claimil1 or 2, wherein a EI urality
of composite pPfmer dheme clagm 2ty whegeimthg SORNA pottion isdjacentedhed’n t he
pol ynucl epiINAl8cgRAPr i Sing a term nation polynucl eotide sequence is a
tenpl ate switch ol i gonucleotide (TSO. 7. The nethod of claim®6, wherein
the TSO conprises a nodification in the region which hybridizes to the

tenpl ate, wherein, ynde iven set of conditiogns, the TSO binds nore
tightly to theib'egi %‘rfnﬁé‘O@Bﬁﬁ@F@ﬁer%“%a Jesuengerof dferestin afgrget palyuckelidg. The

met hod of sfl alethod &,;npgisingherei n the pol ynucl eoti de conprising a
term nation poléis/nucl eoti de sequence is a bl ocking sequence. 9. The net hod

of claim 8, whélei namphfyingeicmpate polyandeotiderspqicnes centainingithé ssauéme of n t he
regi on whi ridizes .t he .t enpl ate, erein, unde gi ven t of
condi ti onisn?'g.te ﬂé’gﬁb‘gg‘ﬁﬁlﬁa 028 Ugﬂcoérgg?”ﬁ ‘qﬁpée‘i‘i‘eﬁ?ﬁ?d}ﬂ? Méorﬁléﬁpgﬁ‘eas
conpar ed tempositelpoigder ikroe@ignde W t hout the nodification. 10. The method

of claim1 or 2, wherein_the enz?{rre that cleaves RNA is
(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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RNaseH. 84 31 AUG 2005 Singapore patent App. No. 200204820-5 11. The net hod
of claim2, wherein the pol ynucleotide conprising a propronoter and region
whi ch hybridizes to the displaced priner extension product is a_ tenplate
switch oligonucl eotide (TSO). 12. The method of claim 2, whérleils Wife

pol ynucl edtingapovenpaitenth AphdNop200204820:5 conprises a region at the 3' end
whi ch hybridizes to the displaced prinmer extension product, whereby DNA

I b . dhspl ' . ext ' t d
Goubl o a1 reyad of Bl iR AER B dfEhuibe FRmsReneerabsena BERERE  hoa of

claim 12, tygessequenceéhe pol ynucl eotide conprising the propronoter is a
propronoter tenplate oligonucleotide (PTO. 14. The nethod of claim1 or 2,
wherein steps (a) and (b) are perfornmed in either order. 15. The nethod of

claiml or 2, \gper ei@e%ﬁe@%@ éfac)laiﬂlng,wggbegthga q%%%%;ofﬁg%%ﬁi rréJoI .Slgggtgsl y. 16.

The net hod of aim wher éifi’st Fformed

si mul t anesosipysitelptimetloompeibdarseqiiert @bmiplenttaty o BLBINPseuERS, 4 thand (b)
are perforned before eCB (cé._ 18. The method of claim1 or 2, wherein all
eSS

St . e
st eps ar e SPBICRE: HBteEsshis| ¢d/in determining the presefcesirgbsance nfjthe nutanget
nucl eot i dgegfuence conprising: (a) hybridizing a single stranded DNA
tenpl ate conprising the target sequence wth a conposite priner, said
conposite prinmer conprising an RNA portion and a 3' DNA portion; 85 31 AUG
2005 Si ngapor ezgat ea{h . No. 200204820-5 (b) optionally hybridizing a
pol ynucl eot i de“Bonpri §?"EF8"°&1 feclatin 23 whgreim e geanenemef the Dettion of thea
regi on of : b ' )M t ridization.of the
Composi te c%@?%%?rﬁ?%ﬁgﬂ?gﬁ%l dast%gl?enc@”c&%pfeﬁﬁﬂﬁf}; to' & allh® AileAd, hid'th2

sequence of interest is characterized in determining the presence or absence of the allelic

sequence.

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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(c) extending the conposite prinmer with DNA pol ynerase and a m xture of
dNTPs and dNTP anal ogs, such that prinmer extension is term nated upon

i ncorporation of a dNTP anal og; (d) cleaving the RNA portioqlpmugbmng
anneal ed conposite primer wth an enzyne that cleaves RNA froman DNA
hybri d sudingaperepatert AppN¥ei 200204820-5 hybri di zes to the tenplate and
repeats prinmer extension by strand displacenent, whereby nultiple copies

of the co get .seguence, ar roduced

Carying. | e HokRERENCafinct BombALHE (FREHENS e b RedhBff e S,

det er ni ne vetpiretheaerndifiatioh potyiielbotifle SRUURIRCITBtsRedsBiGEST DNA! 8lidafien s£8UENCE
conprising: (.a) _hybridizing a single stranded DNA tenpl ate conprising the

t ar get se%@]é@by\Y@Nﬁm’lﬁbﬁﬁ%ﬁsi te priner, said conposite primer conprising
an RNA portion and a 3 DNA portion; (b) optionally hybridizing a

pol ynucl eoti de conprising a termnation polynucl eotide sequence to a

region of the 82npl dhe camipoditibisofclaivi 31 WiRsdiR e 3 RNAYBFioHIi# adjhct & tht he
conposite pé’i\gr to the tenplate; (c) extending the conposite priner with
DNA pol ymer \ PI#PIc| eavi ng the RNA portion of the anneal ed conposite
primer with an enzyme that cleaves RNA from an RNA/DNA hybrid such that
anot her conposite prinmer hybridizes to the tenplate and repeats priner
ext ensi on by sBB3and T spmaositiemosf dlainp3 Qeurecin diesP FACA goRioh TeEbRX 5 @HS| ON

product ; bridi zing pol ynucl eotide conprising a propronoter and a
regi on \A,hl(“‘@%?t Qﬁ%ﬂ?‘i‘ﬂaﬁl‘i@@aéhet%@lﬂf\é’ﬁ%b‘é abeytiiete abutddgnugleotidesduct under
conditions such that transcription occurs fromthe extension product by
RNA pol ynerase, using a mixture of rNTPs and rNTP anal ogs, such that RNA
transcripts ar&4prodheedmpasitfion of alajrs3ig wieesis theCESMP LanPpriNed & Ynddifiédtion in

di spl aced_priner extensi on products, and such that transcription is
t er m nat eH%Jf)%lﬂn ivﬁ]é‘g}elﬂﬂ?@ﬁegw %’F%%{ﬂpl?wh%rﬁ’eﬂ’ yeder grgayeaist ohsondisions, depi es of

t he t ar geTSOAUERGR t 6 BRussd : : . 008
Si ngapor e patent App. ity 20020§853§ %Mf(a?ajeemdfget»n&mu?&e%mf%ﬁiﬁoa

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.  Areaction 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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anal yzing the product of steps (a) through (e) to determ ne sequence. 21.
The nmethod of claim 19 or 20, wherein the RNA portion of the conposite
primer is 5 with respect to the 3' DNA portion. 22. The nmethod of claim
21, wherein the 5° RNA portion is adjacent to the 3' DNA pordiloff 88 A
net hod of Sihgaporepatent ApmNoc2002048205rest in a target pol ynucl eoti de,
said nethod conprising: (i) anplifying a tenplate pol ynucl eoti de sequence
contai ning the sequence of interest by the method of claiml1l or 2, wherein
t he sequence of the RNA portion of the conposite primer is known, and (ii)
conparing the 388pl i fiheatiction piiREtecsSoldii 38) Wwherdmtic@mpbsile pirhdt dobifpriggount

of anplification products froma reference tenplate wherein (1) production
of detect é‘tﬁ%@f‘%\ﬂem‘)&ﬁﬁwlﬁlsc?éiﬂqcéﬂftﬂﬂvdﬁd?@tﬁfmlthe tenpl ate as conpared
to the anount of anplification products fromthe reference tenplate which
conprises a region conplenentary to the RNA portion of the conposite priner
i ndi cates tha#0t he Thergitiod alixtrcdfRMdind®, daer 0OhpASAAP b SfzytheSARibIENCE
conplementary to the RNA_ portion of the conposite prifmer and is a sequence
vari ant vM“fquvﬁ"Se%]HécfmeGHtMéMb@d- conpl enentary to the RNA portion of

the conposite priner; or (2) production of detectably nore anplification
products fromthe tenplate as conpared to the amount of anplification

products from dhe r dherreation hermtedflahi 40) whersn tH@hzEAORRINEH. r €gi on
which is conplenentary to the RNA portion of the conposite priner
i ndi cates that the target polynucl eotide conprises a sequence conpl enentary

Lo, Lhe RNA_ poub on 19 tibhof HIRGN SIAR 1 Y chofil pSElARE ey 2 21t

with respect to the sequence conp I'on of the

conposi t e cpmprising aPtoprémetaret hod of cl ai m 23, wherein the sequence of the
RNA portion of the conposite priner conprises a sequence conplenentary to
a wld type sequence, and the 87 Singapore patent App. No. 200204820-5 31

AUG 2005 sequegge OffhenbAR4i8R miktar diRlAm &Y Whebid the PolyRubledi A diRishleGS ence
or absence of the wild type 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. A kit 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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25. The nethod of claim 23, where the sequence of the RNA portion of the
conposite prinmer conprises a sequence conplenentary to a nutant sequence, ,
and the sequence of interest is characterized in determ nihy Aﬂﬁléﬂﬂgresence'
or absence of the nutant sequence. 26. The nethod of claim 23, wherein the
sequence djingaporeipatent App.dVot 28020482B& te priner conprises a sequence
conplenentary to an allelic sequence, and the sequence of interest is
characterized in determ ning the presence or absence of the allelic
sequence. 27. A nethod of detecting a nutation in a target polynucleotide
by single stra9ded THRKitsioiines3, Rk PoBucleoity dofl prgind RryFoRSter
anplification _products for single stranded conformation, wherein a
di ff erencdS2dS8onf or mati on as conmpared to a reference single stranded
pol ynucl eoti de indicates a nutation in the target polynucleotide, wherein
the anplification products are generated by anplifying the target
pol ynucl eot i de 50by tThe kitesfieldmofs, Gheicitbthd pelyndelecitie chtfpridhighGoftbmeleri M 23,
wherein the RNA portion of the conposite priner 1is 5 "wWth respect to the
3' DNA pori§2880.29. The nethod of claim28, wherein the 5° RNA portion is
adjacent to the 3' DNA portion. 30. A nethod of producing a m croarray,
conprising attaching anplification products onto a solid substrate to nmake
a mcroarray of5it he TeKii 6ficRdmprsp fiitHes condhsigg &h E9medttR £l RN product s
are generated by anplifying a pol ynucl eotide sequence by the nmnethod of
claims 1 Fm@gnéﬂf{}ﬁ% &-ti on conprising a conposite priner, said
conposite prinmer conprising a 3' DNA .portion and a 5. RNA portion and
(b) a polynucleotide conprising a 88 3 1 AUG 2005 Si ngapore patent App. No.
200204820- 5 t ers2i natTherkitusflclaimcd 1o ohefén he eHHMmeLis RAEREHSI Ng a tenpl ate
swi tch oligonucleotide (TSO, wherein the term nation pol ynucl eotide
sequence effects cessation of DNA replication of a tenplate by DNA
pol yner ase. 32.53The sy : 0 Whieei rej . b rtion is
hdj acent to th eS3 3 %'H?&ﬁpoﬁ {)%z_uﬁ; 166 0T wherei hE p@lﬁu&@gu& comMisRgd
termination polynucleotide sequence is a template switch oligonucleotide (TSO).

54.  The method of claim 53, wherein the TSO comprises a modification in the
region which hybridizes to the template, wherein, under a given set of conditions, the TSO

binds more tightly to the region as compared to a TSO without the modification.

55.  The method of claim 19 or 20, wherein the polynucleotide comprising a

termination polynucleotide sequence is a blocking sequence.

56.  The method of claim 55, wherein the blocking sequence comprises a
modification in the region which hybridizes to the template, wherein, under a given set of
conditions, the blocking sequence binds more tightly to the region as comparedtoa

blocking sequence without the modification.

57.  The method of claim 19 or 20, wherein the enzyme that cleaves RNA is
RNaseH.
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33. The conposition of claim 31, wherein the 5 RNA portion is about 5 to

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

-nodification in the region which hybridizes to the tenpl atg,1 Am%‘@l n,
under a gigven set of . conditiqns, O.bi nds nore tightly'tho°t region

as conpar &"%P%mrgﬂwttgmﬁ?rez‘i@%@aﬁ on. 35. The conposition of claim
31, further conprising a propronoter tenplate oligonucleotide (PTO. 36. A
conposi t i o_ndcoﬁr&ri s Thg netidrgflclim@0, (Mretn mg@plgﬁ%aealdewbmpr&igg ad R&zrrposi te
prinmer, said conposite priner conprising a_3' portion_and an [

portion; BIRPIQEgterandyegion yhich hvhsidizeste thsidigplaged primenextensionIPdustiés ot i de
sequence (Ui Y it ch ol i gonucl eotide (TSO, wherein the

term nati f)n poFﬁﬁ’&g?gg%qr@gﬁgggﬁgﬁspe} effects cessation of DNA replication of
a tenplate by DNA pol ynerase. 37. The conposition of claim36, wherein the
RNA portion is ? a g adjacent to the 3 DNA gortion. 38. A reaction

m xture conpriSfng ??n&ﬁm%fﬁl%me?@b whereinsthe palyaucleefidegompsisipgdhe e pri mer
conprisin ' L L4 00 :{: [ and (d)
o pol ynuc PR Ot 880 orthe SMRHLh Rbridiies M AQICTE AR

conpri si ngxtansi¢reprotladtewhereby DNA polymisedse extefisior| JiSBplacsk ridied ekfefision

term nati on ,pol ynucl eot,i sequence effects cessatign,of DNA replication
of a terera‘ldg"“dij/" s pdPyhie straided pepmptartiom vhiclhranseriptign oqQyrs. 200204820-5 3
1 AUG 2005 39. The reaction m xture of claim 38, wherein the conposite
primer conprises a 5 RNA portion which is adjacent to the 3' DNA portion.
40. The reacti 6% ni Yhemethod ofickainn 599 whéneirt the polyougledtiiercgnmpnisingthere whi ch

cl eaves RNA from an RNA/ DNA hybrid. 41. The re jon m xture of claim 40,

wher ei n t REPE ﬁrelsiaQImgg’é’ﬁr)‘?fﬁPla‘Fr?i‘gP’é%‘fthSﬁ?ﬁé}'ure of claim 38, further
conprising a polynucleotide conprising a propronoter. 43. The reaction

m xture of claim42, wherein the polynucl eotide conprising a propronoter

is a TSO 61.  The method 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.
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44. The reaction m xture of claim42, wherein the pol ynucl eoti de conpri sing
a propronoter is a propronoter tenplate oligonucleotide (PTO. 45. A kit
for anplification of a target polynucleotide sequence, conprising a
conposite primer conprising a 3' DNA portion and an RNA pogtimp.o@gnd (b)

pol ynucl e I ynucl eoti de sequence conprising
a tenpl at gtiﬂg@‘?%é ‘?S’Qnoﬂl?ﬁ i\g(E r2)(813#11‘@)008V\/nere| n the term nation

pol ynucl eoti de sequence effects cessation of DNA replication of a tenplate
by DNA pol ynerase. 46. The kit of claim45, wherein the RNA portion is 5

w th respect t the ortign. 47., The kit of claim46, wherein the
5' RNA porti on Eﬁ%&@%@% 2%" whlsin the pplygnclectsle copwriving aof ¢l ai m 45,

2005 S nS?S%?ﬂé‘ﬁ‘sﬂ?‘é‘?“@é“’“m"&%‘%%*%o*%%‘%éé‘%%“?ﬁ%' R AIRPION 45, wier ei n

t he pol ynucl eoti de conpri 5| ng a proprormt er is a TSO 50. The kit of claim
48, wherein th poI ucI ronot er PTQ 51. The
i1 of claim a8ty wgﬁi@ eréﬁlztﬁﬁi oewrep%wélfa Rion 0B an
RNA/ DNA hyégidxﬂwhlég hyﬂ?'kﬁzé‘s‘ tb 1 teFﬂ Pdtén\él%ﬁel [ed 2[' f¥6¥ﬁht‘io§1s Rheged o3

The met hod of claim 19 or 20, reint ’po ynu eot| e conprising a
term nati bmdﬁ)moymwtb'dplthmregmmmmpasdao & @30 withos thd mbdificatgpmnuc| eot i de

(TSO . 54. The of .cl.ai.m 53, wherejn the TS ri ses, a nodification
in the region @E ﬁg‘hwﬂ}‘)&.% g3y W, erF%FB?@n“&F@}‘gpcﬁmpﬁﬁ'&éﬁ a given set
of_condi t tebatibh Bolj BRIl ddeqiESisd BBine §RAuERE, T 0l on as compared to a

TSO wi t hout the nodification. he net hod ‘of claim 19 or 20, wherein the

pol ynucl eoti de conpri si ng a t er m nat i on pol ynucl eoti de sequence is a

bl ocki ng sequenge. f erei n the bl ocking

sequence conpr ?ges ‘zﬁe it °F‘m§§P r?% ‘Hﬁ?’ﬁﬁ‘"}‘%g%ﬁh NPT BTS2 8 t o the

t enpl at e, motlification inthel eggich @hicahyBEdiz&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.
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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conditions, the blocking sequence binds nore tightly to the region as

conpared to a blocking sequence without the nodification. 57. The net hod

of claim 19 or 20, wherein the enzyne that cleaves RNA is RNaseH 91

Si ngapore patent App. No. 200204820-5 3 1 AUG 2005 58. The Hg@ﬂdﬁ&hﬁlain]
r ich

20, wherei h ol ynuc] got i C I Sd propronoter and
hybri di ze lpgaﬁﬂgeé%gﬁ?tgﬁl'gﬁpnzGB%@wﬁgn product is a tenplate switch
ol i gonucl eotide (TSO). 59. The method of claim 20, wherein the

pol ynucl eot i de 7donp(Theinmghddef clginn?s, evhatedn theampel potpnrldotidé Branglifiebe 3' end
whi ch hybri di zes t@ﬁéhﬁ di splaced prinmer extension product, whereby DNA
pol yrer as &8s uetbad gf claim I aced prinmer extension product produces a
doubl e stranded pronoter fromwhich transcription occurs. 60. The method of
cl ai m59, wherein the polynucl eotide conprising the propronoter is a

propronot er teBl at &helmathotlief daitd 28 whicted) theGdrgetlfdynieidocide Bfanglifiedn 19 or
20, wherein, Sttfﬁps %1)1 g d,(bé are perfornmed in either order. 62. The

met hod of YEgithq methgd obelaimlr ei n steps (a) and (b) are performed

si mul t aneously. 63. The nethod of claim 19 or 20, wherein steps (a), (b)
and (c) are performed sinultaneously. 64. The nethod of claim19 or 20,
wherein steps (8) artiemixthat ef ghent 28, mbdreib ek eirgetsiotnuciebtid6f.amphigiedet hod of

claim19 or, 2 whereipn all steps except the step of analyzing the product
are perfopﬁa%%&gﬂg%@ﬁ' 66. The nethod of claim 23, wherein the RNA

portion of the conposite primer is 5 wth respect to the 3' DNA portion.
67. The nmethod of claim®66, wherein the 5 RNA portion is adjacent to the
3'  DNA porti o80. 92 The metivud GfadEim 23, wherein the target polynucleotide is amplified

using the method of claim 18.

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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Si ngapore patent App. No. 200204820-5 68. The nethod of claim 23, wherein
t he pol ynucl eotide conprising a termnation pol ynucl eoti de sequence is a
tenpl ate switch oligonucleotide (TSO. 69. The nmethod of claim68, wherein
the TSO conprises a nodification in the region which hybridj t he

F A

tenpl at e, Sm%upm patettr Appd NG R (020482 0cgndi tions, the TSO
tightly to the region as conpared to a TSO wi thout the nodification. 70.

The net hod of claim 23, wherein the polynucl eotide conprising a
term nati on pol ynucl eoti de sequence is a bl ocking sequence. 71. The net hod

of claim 70 “her el thd hguaRldd 27CAHERAENE BIRALAERIGR collBibhE gl | on 1N the

regi on which hybridizes to the tenpf under "a“gi vén set of
condi t i onpyoprdmeotht comipirisgs s expi@natahdB neasl wiviclehybriglivek Yo the didptaced piimer as

conpared to a. bl ogking, sequ e without the nodification. 72. The net hod
of claim E’é‘?nwfsﬁ% ﬁaersﬁzﬁﬁé\ PW&WG&S@&V@@M displaged peimer ptensiofe net hod

of clai m g&du¥iiRbdices 4 A6utle Eﬁ‘éﬂdg{.i ggfdggtgr dﬁ&{m&ﬂlcﬁf tpgltsgrriptﬂfno&rc iot er and

regi on which hybridizes to the prinmer e Sl on product is a
tenplate switch oligonucleotide (TSO. 74. The nmethod of claim 23, wherein

t he pol ynucl eot} de ri.si.n he __propronpter conprjses a region at the 3
end whi ch hybr %il Zeiﬁ%eil}qgo P@%‘Pé@a&gg@mﬁ? polgnucleptids compeiging the wher eby
DNA pol Y nBropssinéiét 8 AgkotoRbrel BhidBshigeRapi on  product produces a

136 .
doubl e stranded pronoter frome\j\fﬂ%gﬁ tganscrl ptiron ‘occurs. 75. The met hod of
claim 74, wherein the polynucl eotide conprising the propronoter is a

propronoter tegplatg, oligonucl eotide (PTO ., 76. The thod of cl.agim 23,
wherei n the tafget EB‘? Wﬂ@pé’ﬁfﬁ‘b‘a %gswgﬁfﬁvzﬂl?@esetaebfigglF en‘éf‘WBlig?f;n claim
14. 93 Si ngaptieanfibéeot clfigP14.No. 200204820-5 3 1 AUG 2005 77. The met hod of

claim 23, wherein the target polynucleotide is anplified using the nethod
of claim15. 78. The nethod of claim23, wherein the target pol ynucl eotide

is anplified ygi ngTﬁ?ﬁleﬁBP%?glagrB 29' %lé%ﬁ%? égg'et -Il)_gl%'ngago tde 18];m%llﬁ<|td.n 23,

wherein the target polynucleotide s
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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using the nethod of claim17. 80. The nethod of claim 23, wherein the
target polynucleotide is anplified wusing the nethod of claim18. 81. The
met hod of claim 27, wherein the polynucl eotide conprising a tefhAiagiibn
pol ynucl eoti de sequence is a tenplate switch oliognucleotide (TSO. 82. The
met hod of j Y Al iﬁ%m_' ses a nodification in the region
whi ch hybrs;ﬁll Zg&;ﬁ;}gat he 1?2%}1‘&&2 erel n,5 under a given set of conditions,
the TSO binds nore tightly to the region as conpared to a TSO wit hout the
nodi fication. 83. The nethod of claim 27, wherein the polynucl eotide

conprising a rm I 4cleot hde. s LS. | ocki ng sequence.
84. The net hodbg'f c:?g% mgw%ﬁ%@i%’ Mi‘gl%b[}%g%?ﬂégggﬁlﬁ%ﬁ%?p 18%% ses a

nodi fi cat tevmination lpelynedestiewbiwnct WH iefliptesswitcht i ghedledtideg TSOher ei n, under
a given set of conditions, the bl ocking sequence ginds nore tightly to the
region as conpared to a bl ocking sequence without the nodification. 85.
The net hod of ai rel . cl eaves 4 S . H 86.
The net hod of 2?'ai mrg%me grogic%l%l%’ %ﬁ%ﬁtgﬂgh c(%npélg%? ﬁ%ﬁ}fbcagmstﬁe

pr opr onot sesgiamehick diloridivdsi to thenemplalé, Aetserdin, dnder ad%i&?r@:l 5t Ofl conditidis, B¥TSsi on

pr oduct IEB@ tengéafe sw tch ol i gonucleotide (TSO . 94 Singapore patent
App. No. 5 5wgo tielilye the yegmmms cgmparegdo adiSkbwithaut theanadifiatiother ei n t he
pol ynucl eoti de conprising the propronoter conprises a region at the 3' end
whi ch hybridizes to the displaced priner extension product, whereby DNA
pol yner ase ext 88si oftheometiodplf ataid 30; whereirethe polyhasieotie@dtipiisipgaduces a
doubl e st{andeg ’Erom)t r fromwhich transcription occurs. 88. The nethod of
cl ai m 87, SREREP P?'HB“%B‘?%&E‘H‘E&PW@@@ P§ S§HEAChe propromoter is a
propronoter tenplate oligonucleotide (PTO. 89. The nethod of claim 27,
wherein the tarﬁet pol ynucl eotide is anplified wusing the nethod of claim
14. 90. The nebPhod dhe miethiochof Elaimi98; wheretrhthe blockiag sempieyoeicompisesle i s

ainer i o meicHol T30 TRele w B Burdied o 5 emplite, heret, dhder' ghveh ot

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 comprising the

propromoter is a propromoter template oligonucleotide (PTO).

104.  The method of claim 30, wherein the target polynucleotide is amplified

using the method of claim 14.
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using the nethod of claim16. 92. The nethod of claim 27, wherein the
target polynucleotide is anplified wusing the nmethod of claim17. 93. The
met hod of claim27, wherein the target polynucleotide is anpligfi gg 0 i ng

t he nmethod of claim18. 94. The nmethod of claim 27, wherein the nmutation is
sel ect ed Ningapore patent AppaNat200204820-5ase substitution, a base
insertion, a base deletion and a single nucleotide polynorphism 95. The
nmet hod of claim 27, wherein said step of analyzing the anplification
products conprises a nethod selected fromthe group consisting of gel

el ectrophor esi $05. cdhé hiethiod oflckiir30PBERE the &gt PoRAUANBE RS is bhlified
anplificati.on_ prod g&s@gsj ng_nucl eases which recognize sequence dependent
secondar y'3P# rg?tg Folgglaim B5. AUG 2005 Singapore patent App. No. 200204820-5
96. The nethod of claim 30, wherein the polynucl eotide conprising a

term nation pol ynucl eoti de sequence is a tenplate switch oliognucl eotide
(TSO . 97. Thel®et hGhie oiethodaif vladt, 3 0Wvhereintht Reget POlyaaeIBsidSS ampliRel f i cati on
in the region whi ﬁh hybr.i d{ées to the tenplate, wherein, under a given set
of condi t PFER& e qcbé‘ci‘ﬂ’h more tightly to the region as conpared to a
TSO wi t hout the nodification. 98. The nethod of claim 30, wherein the

pol ynucl eotide conprising a termnation pol ynucl eoti de sequence is a

bl ocki ng sequeb@®. T8e mEthedwéthaird 30f whtrsinth Burgetpelyaisledtid i hpkiian

sequence cQ i ses, a difjcation in the region which hybridizes to the
tenplate,uﬂﬁ£ﬁ§FW§mﬂH@gﬁmﬁ? I'ven set of conditions, the bl ocking sequence
bi nds nore tightly to the region as conpared to a bl ocking sequence

wi t hout the nodification. 100. The nethod of claim 30, wherein the enzyne
that cleaves RAB.i sThasthied of oteim BRewhereinatle tifget palynudeotidstie amplifisde

pol ynucl egf.] risén propronoter and regi on which hybridizes to the
di spl aced%ﬁ}r‘?ﬁn{g?g@ e@scll%ﬂ‘ oduct is a tenplate switch oligonucleotide
(TSO. 102. The nethod of claim 30, wherein the pol ynucl eotide conpri sing
the propronoter conprises a region at the 3 end which hybridizes to the
di spl aced pri nt99.  The method of any one of claims 1, 2, 19, 20, 23, 27, and 30, 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.

110.  The method of claim 109, wherein the RNA portion of the composite
primer consists of about 10 to about 20 nucleotides and the DNA portion of the composite

primer consists of about 7 to about 20 nucleotides.

111.  The composition of claim 31 or 36, wherein the RNA portion of the
composite primer consists of about 7 to about 20 nucleotides and the DNA portion of the

composite primer consists of about 5 to about 20 nucleotides.

112, The composition of claim 111, wherein the RNA portion of the composite
primer consists of about 10 to about 20 nucleotides and the DNA portion of the composite

primer consists of about 7 to about 20 nucleotides.

113.  The reaction mixture of claim 38, wherein the RNA portion of the

composite primer consists of about 7 to about 20 nucleotides and the DNA portion of the

composite primer consists of about 5 to about 20 nucleotides.
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extensi on product, whereby DNA pol ynerase extension of displaced priner
extensi on product produces a double stranded pronoter from which
transcription occurs. 103. The nethod of claim 102, wherein th@1 AUG 2005
pol ynucl eoti de conprising the propronoter is a propronoter tenplate

ol i gonucl SingapotepatentiRpp. Ng. 20022501 ai m 30, wherein the tar get
pol ynucl eotide is anplifie using the nethod of claim14. 96 3 1 AUG 2005

Si ngapore patent App. No. 200204820-5 105. The nethod of claim 30, wherein
the target polynucleotide is anplified wusing the nethod of claim15. 106.

i g the ot hatof o7 SengL iyl chOds, BRe S KR BGa0TaEME 1 1 he

t ar get pokgmpediteqrinte cossisispl dbouetld tosbono20 Aeldvtidboshdahe DINA Fbrii?)n offie. The
met hod of cl ai m 30, wherein tI e target polynucleotide is anplified using
the met ho§OBPOeprime] sonsisihot apout fiq #hoyt 3¢ nugleatides.of clainms 1, 2, 19, 20,

23, 27, and 30, wherein the RNA portion of the conposite priner consists
of about 7 to about 20 nucleotides and the DNA portion of the conposite

primer consist3l®f @hekit obclaim dbowheraid the RN@Opdrtls of thd QompbétePrinied of
claim 109, wherein thf orti(i)n of the conposite prinmer consists of

RNA
about 10 PORSIRRhaO9BE Tipabast S miclenides anst taN o pertion o therqempositgprimere

priner cobsisksiSofHbodPidlabdul 2 ARMYgeY nucl eotides. 111. The conposition of
claim 31 or 36, wherein the RNA portion of the conposite prinmer consists

of about 7 to about 20 nucleotides and the DNA portion of the conposite
pri mer consi st f oLl to ut, 20 nucleotides. 112. The conposition of
claim 111, vvheig@n ?H%H‘I&?Rgdﬁ’é‘? ? Fﬁr’("@el{lﬁé‘f %Hﬁ[ﬂ%‘i‘qneoftb? ForapOE PEIMSr s Of
about 10 &énsivkruflabdfh MU laBetti28aRcROHdNE: [ §d '
primer consists of about 7 to abgut 20 m(}c eo??‘d%ésﬁ&ﬁghgﬁﬁrg%?g%?%ﬁ
m xt ure ofonsist ehabgut Teabeut20nuslaabidesporti on of the conposite priner

consi sts of about 7 to about 20 nucleotides and the DNA portion of the
conposite prinmer consists of about 5 to about 20 nucl eoti des.

117. A method for amplifying a polynucleotide sequence complementary to a
target polynucleotide sequence comprising:
(@  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;

(c)  repeating primer extension with DNA polymerase by strand
displacement;

(d)  repeating steps (b) and (c) whereby multiple copies of the
complementary sequence of the target sequence are produced.
118. A method according to claim 117, wherein the complex further comprises

(iii) a polynucleotide comprising a termination polynucleotide sequence hybridized to a
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97 31 AUG 2005 Si ngapore patent App. No. 200204820-5 114. The reaction

m xture of claim 113, wherein the RNA portion of the conposite Eri nmer
consi sts of about 10 to about 20 nucl eoti des and the DNA porti3dn W 208%he
conposite prinmer consists of about 7 to about 20 nucl eotides. 115. The kit

of cl ai m AdngaperepatentARp Nosr200204820-5e conposite priner consists of
about 7 to about 20 nucl eotides and the DNA portion of the conposite priner

consi sts @fsigbet he B 2Q I tipﬁ%. 116..The kit of clai.m 115, -
wherein the RNA por tnfqg%@o %mé%cg&fn%orgé)qeg ﬁ'\y%&zatb"d‘n@itﬁ? COrpROSUR BIINCH Y ¢ o
about 20 thectemptatdes and the DNA portion of the conposite prinmer consists
of about 7 to about 20 nucleotides. 117. A method for anplifying a

pol ynucl eoti de sequence conplenentary to a target polynucl eotide sequence

conprising: (a r ow &l ; rjsing:, (i.) a DNA tenpl.ate
conpri sing t he)lt1 g'r gg\tﬁ%@gﬂ%ﬁ%@gﬁ@g%ﬁﬁeapo(%rﬂ‘&?g’w%seﬂtuf?%rcogﬁ’f‘é%i on
product prayiogdutihe eetieddifiegrimviiBan@RftiRe cyfpAaag a conposite primer

conprising an RNA portign and a 3' DNA portion, wherein the conposite
primer extensi & pr YRRt1zing tthedisplaced primer engenmsion produgslagolynu¢ledtids eavi ng

the RNA peshbRé " | i ger, extensi on product .~ With an enzyne
that cl eavesb RN%\Q? P o%?%%%dé\&g%nb‘?@a? ﬁ%?fécﬁzﬁsﬁ%f}%acﬁ%ﬁ?fgp pE‘B}?ﬁSgtF?%OH
pri mer hypradctaesiet contditionDWhidteatiovatrRiscrigtion 16 RE& bYRIVA I pIBm&¥dee ich@hat Wi t h
DNA pol ym F-‘%y .strand di spl acenent; (d) repeating steps (b) and (c)
wher eby ﬁ CHBISiaESPIgR UG COmPESE Speusnegs,comwiareentasy ¢ thetdisplased et
seqguence ﬁglepé,ggdmpp ddd . ' alm117,. wherein the
conpl ex f grt her conpr irges S’ﬁeﬁ&gﬂ‘%gpg%g@ggg%égmgg ﬂ?eﬁcﬁareé)r?‘irlfcﬁ?'nat i on
pol ynucl eoti de sequence hybridized to a 98 31 AUG 2005 Si ngapore patent
. No. 200204820- .
App #550- ] method of sequencing a target polynucleotide sequence comprising
carrying out the method of claim 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 tNTPs and INTP 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
INTP analog, whereby multiple copies of the target sequence are produced of varying

lengths;

® analyzing the product of steps (a) through (e) to determine sequence.
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region of the tenplate which is 5 wth respect to hybridization of the
conposite prinmer to the tenplate. 119. A nethod for anplifying KIGtHIpet
pol ynucl eoti de sequence conprising carrying out the nethod of claim118
and further conprising: (e) hybridizing to the displaced priner extension

product aSinggpoet patemieA pgr e 200204820-Spr onot er and a regi on which
hybri di zes to the di splaced prinmer extension product under conditions
which allow tr cription t ccur by RNA ymerase, such that, RNA
transcripts ar 2Q%'r O(Ljrﬁgglfr&b R iOHaOE%%%ﬁgéogghpW@?@ﬁt% GOTRRPSH, primer

di spl aced ophpiTes 2 FRONS pORIGA RIKER o HHIPTINX s P| e copi es of the tar get
sequence are produced. 120. A nethod of sequencing a target polynucl eotide

sequence conprising carrying out the nethod of claim 117 or 119, wherein
primer extensi CoRpri ses t endi ng the jte prinmer tg a termnation
site with DNA gg?'yngﬁggbe%m&%xa?nﬁi(’?? ﬂg%laméﬁ f@&gggb’a reifplualyRfs, such
that pri nmesompadiRPeingds b us€d. M nated upon incorporation of a dNTP anal og;
whereby multiple copies of the conpl enentary sequence of the target

sequence are produced of varying |lengths; analyzing the product of the
met hod to deternyne,sequence.. 121. t hod _of encing a .target,

nucl eot i de seq&%‘ce@%ﬂ&:ﬁf(’ 'ﬁ@“&&??@f @‘m%ﬂﬁ.tPﬂzg’mﬁﬁﬂ polyny 0.11% and
further coompfising terfrination Poiydugletidd RqhdiRe N SRhiptfe BV itePSligohhaLsH N

pr oduct agTé)olynucl eotide conprising a propronotér and a region which

hybri di ze§T29@). Oha blackingseauenceyr i mer ext ensi on product under conditions such
that transcription occurs fromthe extension product by RNA pol ynerase,
using a mxture of rNITPs and r NTP anal ogs, such that RNA transcripts are

produced conpr i135.ng The gietaad chomn28RAtRInthé TSONS thY slahlgﬁggequeﬁéeﬁer
upon

ext ensi on prodqucts, dsach. that transcription is term nate
1

i ncor por aPYBAMSS agpoditigation im thegggiopndrcdyybridizes tst the samplate, whereinaundar ayet

sequence g : My | ; l.yzing..t roduct _of
St aps (2 BB UbRMiGs HEIAOH: o BN schohP ol B hAB R Bl

pat ent Apps cadopar@D©20R8A 01 & blRing Bequditet FefeddivelyWitloue tiRfméedifitai®onl 17 to
121, wherein the conposite priner conprises a 5 RNA portion adjacent to

the 3" DNA portion.
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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123. The nethod of any one of clains 117 to 122, wherein a plurality of
conposite priners are used. 124. The nethod of any one of clains 118 to
123, wherein the polynucl eotide conprising a termination polyhdthdthi de

sequence s a tenplate switch, ol ucleotide (TSO, or a blocking
sequence.sllﬂqugpﬁtqq{a&npm &Q-%m%,zomﬁerei n the TSO or the bl ocking
sequence conprises a nodification in the region which hybridizes to the

tenpl ate, wher&30) uThemethod @ ¥R 1Y, WherS@RRE §1ONA pottitsh iE$Qt@15 t he bl ocki ng
sequence binds, nore tlghtl to the region as conpared to a TSO or a
cDiT‘XAe

bl ocki ng Bedentidesandthedt portighihdte 12 meclentides.i cati on. 126.  The net hod of
anyone of clains 117 to 125, wherein the enzyne that cleaves RNA is
RNaseH. 127. The method of anyone of clains 119 and 121 to 126, wherein the

pol ynucl eot i del1ZhnpAifiéthed of HabRteRiFiged scdibhck 90 irféteiMih & Rarbitiolydugistided t he
di spl aced (E)I’I mer_ extensi on product is a tenplate switch oligonucl eotide

(TSO) . 128#id methodwORpEISHE: anyone of claims 119 and 121 to 126, wherein the

pol ynucl eot i de;;conpr |.Si: t he rgnoter conprises a regign at the 3' end
Whi eh  hybri i Ghs. t SR he UEpRlagbolyiclconds SEimencs cagiaipite fhe sRsnEe gt D
pol yner asintezest ®psheomethod ofagPdRCsT1dims TT t¢XIeD3) NI PESid PIOdHERM 2
doubl e stranded proppter from which transcription occurs. 129. The net hod

of any ontie§equenss pithg RNA portipg of fhecosipesitopnirosriis kngwi,med  conpri ses a 5'
RNA portion of;gbou Leot.ides and .a 3' .DNA portiaon.of about 5
to 15 nucl eoti 8@5 ﬁ"d@"@%ﬁ@@@b@%?ﬁd’éﬁ@‘%@s 1;3?%%“’&5%.6)%& %(5’%’4@{;0-5
130. The ofsnpldication pridoetd HOm avesrende tbiplate whdéinportion is 10 to 15

nucl eoti des and.the 3' ortion is 7 to 12 nucleotides. 131. A nethod of

DNA e I

characteri zin g{jaa s eBfgaHclion dPWP‘éB’éfsfFWPhalaphf&agm Pisgnsta frometbe templategai d
met hod Coggpatéd'® thé hmo@RIrhbapli t ' ce
cont ai ni ng tl?u_a sequgncg of fr%%lfeigaetgbtn pgga{cﬁsgﬁmng%%%ﬁgén%g%ﬂ ﬁ%‘i@ﬂa& ainms 117
to 119, l1cumpresed 26¢gidiPGmplemémary tatiss RNA pdrtien sfatie esiposi prifeer Ridicansr t i on
of the CODO i tte pr i er I S .é(ﬂé)wn, and |

hat the target polynucleotide does not comprise a sequence complementary to the RNA

portion of the composite primer and is a sequence variant with respect to the sequence

complementary to the RNA portion of the composite primer; or

(b) production of detectably more amplification products from the template as

compared to the amount of amplification products from the reference template which does

not comprise a region which is complementary to the RNA portion of the composite primer

indicates that the target polynucleotide comprises a sequence complementary to the RNA

portion of the composite primer and is not a sequence variant with respect to the sequence

complementary to the RNA portion of the composite primer.

132, The method of claim 131, wherein the sequence of the RNA portion of the
composite primer comprises a sequence complementary to wild type sequence, and the
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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(i1) conparing the anplification products if any fromstep (i) with the
anount of anplification products froma reference tenpl ateqmﬁ[% i (a)
production of detectably fewer anplification products from Z[W& ate as
conpared to the amount of anplification products fromthe reference

tenpl at e WingaporepatéstApp. Nwi200204830B8Fentary to the RNA portion of the
conposite prinmer indicates that the target pol ynucl eoti de does not
conprise a sequence conplenmentary to the RNA portion of the conposite
prinmer and is a sequence variant with respect to the sequence

conpl ementary 183.t he\ mdhoPer détedtingfa &b@ti@@i@@ﬁi%e@p&?hﬁ@édﬁdérb (shglPr oduct i on
of detectably nore anplification products fromtihe fenplate gs conpared to
t he amun?trweﬁﬁﬁq‘ﬁofm%‘@ﬁ rolyrpeiphisor, somprising healyzifgamplificationprauetsin ch does

not conpr | i J i S.1C lepentary. to the RNA portion. of the
conposi teb% lle%gra&widﬁd&flggPégoé’ﬁkél}e??qﬁ3%3@?5%%%5899#938?%’&3\5&8@6%3rt‘? es a
sequence caferpheersinglestyarided Eb@nﬁk“ileoﬁdeqaaib@tes & hutdidn R RAfbEpdN hudRbtidd i s
not a sequence variant, wWith respect to the sequence conplenmentary to the

RNA port i 3etsin ths amphifisaian progudtase genaated byisomdbictinglthefmethed of 203 bnewhier ei n
t he seque BI\Iﬁ.,l (N { conposite primer conprises a
sequence g%rﬁ}npﬁjglr?etﬁﬁéry 22‘8\/&&163’&1%9 equence, and the sequence of interest
is characterized in determ ning the presence of absence of the wild type
sequence; or th seg:ﬂelg%e of the RNA portion of the conposite priner

conpri ses a séﬁ‘hen pg PEPROAYCIRg 2 micrearray, samprising eftechingamplificatisequence

of intere { : i i termnin e pr ce or. absence of the
it ant - sehaute oRH SHUSbARK, AT RARR ot PTG Heodiel SRR

pri mer coappliietion pseptneegenean@l Byrestidacting the ampifitflonGnakeliéNgs.ondidd t he
sequence Olf' i nltlgr ethl if char gct %ézed in determning the presence or
absence of'aie! L tPdIPe 2dqdénoe 2% enl3f. 1 AUG 2005 Singapore patent App. No.
200204820-5 133. A nethod of detecting a nmutation in a target

pol ynucl eoti de by single stranded conformation pol ynorphism conprising
anal yzi ng anpl 133.cafThomehod@f ctasim 36y whereinghe RSA partien of thefconpasiteoprimevher ei n
a differe . conf or At i S C ared to a reference single stranded
pol ynucl e@ﬁ?(g&é@ﬁrﬁme{gg&oﬁe gpﬁhl?‘a?qrg in the target polynucl eotide, wherein
the anplification products are generated by conducting the nethod of any

~one of «clainms 117 to 119, 122 to 126 or 129 or 130.
13 The method of claim 135, wherein the 5° RNA portion is adjacent to the 3’

DNA portion.

137. A method for amplifying a polynucleotide sequence complementary to a
target polynucleotide sequence comprising incubating a reaction mixture, said reaction
mixture comprising:

(a) a DNA template strand;

(b) a composite primer that is hybridizable to the DNA template strand, wherein the
composite primer comprises an RNA portion and a 3’ DNA portion;

(c) a DNA-dependent DNA polymerase; and

(d) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from single
stranded DNA template when its RNA is cleaved whereby another composite primer

hybridizes and repeats primer extension by strand displacement, whereby multiple copies
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134. A nethod of producing a mcroarray, conprising attaching anplification
products onto a solid substrate to make a mcroarray of the anplified
products wherein the anplification products are generated by caigigesi ng
the anplifjcation nmethod of any one of clains 117 to 119, 122 to 126 or
129 or 138ingaporepatent App.d¥o.c200204820-8herein the RNA portion of the
conposite prinmer is 5 wth respect to the 3 DNA portion. 136. The net hod

f clai Dyt ' ti i dj t to t 3 DNA
porti on T5apolEAEDpGcice EMAPRRIChR g ek 35D uticu Geshepec o
conpl enengedeyattdh a target pol ynucl eoti de sequence conprising incubating a

reaction mxture, said reaction mxture conprising: (a) a DNA tenplate
strand; (b) a conposite priner that is hybridizable to the DNA tenpl ate

or 1 on: () o i AcBERRET Sl RBEISER: Ans e SBRLREBNE ol caves
RNA from targdRinalyniiéletrde seduentd eomptisihf thcubaiHgad fe@tionSmiARE, sald@Batkibh Ons t hat

permt prinmer hg/bri di zation, priner extension, RNA cleavage, and
di spl acenBHXIUEFCOMMRISHIE ner  ext ensi on product from single stranded DNA

tenpl ate when | | anot her.. conposi.t e priner.

hybri di zes andtél) gpeaﬁéé%?fﬁpga?ﬁex ten?’ageﬁ%wasﬂgg%aa%msé@é’ﬁﬁm T{[Fa\tnﬁer eby
mil ti pl e bylpidizabld® tRe DNXIGHAAE shritt) aboresh 03 LB irh&}-coripHsid4@20- 5 of a
pol ynucl empge s.equeém%, nIﬂgrr_ers:t ary to the targgfﬁggorllymfgl%goti de sequence
are gene portigngnd a n@ﬁgﬂmﬁ'@ﬂ? anpl i fying a pol ynucl eoti de sequence
conpl enentary S a%NK@ﬂ@@Bd&?bWW%IS%}aqg asgauence conprising i ncubating a

reaction mxturée, sald reaction re’conprising: (a) a conplex of (i) a

DNA tenpl at e sfa)anenzumelthat clpaves RN¥p Goit an RNAMBNAf lydiridi s hybri di zable to
t he DNA teggl at str%nd .V\,heaei n (t].he C osite priner .conprises an RNA .
portion and gisthe seabatin is ypderqonditiopstha Hpsimer bybridigatiope PHBEE  and

extension, RNA cleavage, and displacement of the primer extension product from the DNA
template strand when its RNA is cleaved whereby another composite primer hybridizes
and repeats primer extension by strand displacement, whereby multiple copies of a

polynucleotide sequence complementary to the target polynucleotide sequence are
generated.

139.  The method of claim 137 or 138, wherein the RNA portion of the composite
primer is 5° with respect to the 3° DNA portion.

140.  The method of claim 139, wherein the 5’ RNA portion is adjacent to the 3’
DNA portion.

141.  The method of any one of claims 137-140, wherein a plurality of composite

primers is used.

142, The method of any one of claims 137-141, wherein the enzyme that cleaves
RNA is RNaseH.
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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 hybridi zaté_lgrl pri mer
extensi on, RNA cl eavage, and di spl acenent of the prinmer exte iB%ZQﬂﬁoduct
fromthe DNA tenplate strand when its RNA is cl eaved whereby anot her

conposi t e Singaporéphatén Agmp. NoR206204820-8r i ner extension by strand
di spl acenent, whereby nmultiple copies of a polynucleotide sequence

conpl ementary te,the,target | ynucl eot i de__seguence ar ner at ed., 139.
The met hod of é?%a‘i m%fgfn Odl(g(f)?:“\}\m&ogfﬂﬁm?%@ » Bt f‘?"bﬁlec}&?@ﬂ?@“@&?ﬁgﬁ te
pri mer i s chinpuiifelpring REA;sts 6f Akt 3'to B POLEIOS fipe! aim
139, wherein thelp5.' RNA portion is ?idj acent to&%%é%gq“hzmﬁﬁgggﬁloﬁmﬁﬂ.
The net ho§OBHPOREPIisIeE consiss af awut 7o Uit 20mecledtidea. pl ural ity of conposite
primers is used. 142. The nmethod of any one of clains 137-141, wherein the
enzynme that cleaves RNA is RNaseH 103 3 1 AUG 2005 Si ngapore patent App.

No. - 200204820- $44.43 Thd hfethoet $Tasly @he 3DYIaRRE1 (142 @Jh@&i&fb%‘l%}ﬁg gg@@?r"%[é the

RNA portion of the conposite pfiner consists of about
nucl eot i d&SMAPNtepRgneDkPNNHESE of ahroud 0 thabout 20mudedtidepandribe DA portion oftheabout

5 to abou aucleotides., 144. th of any one of clains 137-142,
wher ei n ttﬁ%lawg’gr elrgﬁns(ﬁts 9ﬁ% Ouggﬁ%g&“fggﬁwl%?&ééonsi sts of about 10 to
about 20 nucl eotides and the DNA portion of the conposite priner consists

of about 7 to about 20 nucl eotides. 145. The nethod of any one of clains
1-30, 53-108, 149- 13be methogfegg one ahedpisisl-80,S3R08, hb9-1300r b¥3-136% conposi te

primer coggi . about 25 .nucleotid an h portion of
t he corrpog"i?rl F %ﬁrf)trhlg fr?e;\?gg’gﬁlsoﬁls({tgh%?b?%ogﬁf pgmfﬁcodﬁﬁiﬁoei_sfgou&iq aZ’BPti es. 148. A
kit for anptledtidesandithp @NA k@i oftiRe SAAPRNE PrifRFBSsHHIEF oGOTRAUBOLEL 5
prinmer, wherein said conposite prinmer conprises an RNA portion and a 3' DNA
portion, THHEISCH the RNA portion of the conposite 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

148. A kit for amplifying a polynucleotide sequence comprising a composite

primer, wherein said composite primer comprises an RNA portion and a 3’ DNA portion,
wherein the RNA portion of the composite primer is 5’ with respect to the 3° DNA portion,
wherein the 5" RNA portion is adjacent to the 3° DNA portion, and wherein the RNA
portion of the composite primer consists of about 5 to about 20 nucleotides and the DNA

portion of the composite primer consists of about 3 to about 12 nucleotides.

149.  The kit of claim 148, wherein the RNA portion of the composite primer

consists of about 7 to about 20 nucleotides.

150.  The kit of claim 148, wherein the RNA portion of the composite primer

consists of about 7 to about 18 nucleotides.

151.  The kit of any one of claims 148-150, wherein the DNA portion of the

composite primer consists of about 5 to about 12 nucleotides.

152.  The kit of any one of claims 148-150, wherein the DNA portion of the

composite primer consists of about 7 to about 12 nucleotides.
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portion of the conposite primer consists of about 5 to about 20 nucl eoti des
and the DNA portion of the conposite priner consists of abjoupyEhp about
12 nucl eotides. 149. The kit of claim 148, wherein the RNA portion of the

conposi teg;ﬁ'ggag,é? ggﬁﬁ%ﬁ@gmz%éﬁ_ﬁbout 20 nucl eotides. 150. The kit

of claim 148; 0 he conposite priner consists of
about 7 to about_18 _nucleotides. 151. The kit of any one of clainms 148-150,
wher ei n the DNAYpor Thekitef claina 148 uuptbei compisingen eazyrsé tas cledveaBNA fibnt 0
about 12 ' 2. The kit of any one of clainms 148-150, wherein

t he DNA pgﬁ?{?\g@/ﬁcﬁjﬁﬁﬁgﬁcomosi te priner consists of about 7 to about 12
nucl eotides. 104 3 1 AUG 2005 Si ngapore patent App. No. 200204820-5 153.
The kit of claim 148, further conprising an enzyne that cleaves RNA from
an RNA/ DNA hybip%. Thakitphelaim d Shfwhdreinthe &eymettieat eleavesrRNArfromman t hat

cl eaves . hybrid is RNaseH 155. The kit of claim 153,
further %&%8‘9@‘ de’F herase. 156. A kit for anplifying a

pol ynucl eoti de sequence, conprising a conposite primer, wherein the
conposite primer_conprises an RNA portion and a 3' DNA portion, and
wherei n the RNADor ﬂ%h@fd@ﬁéléh vheércomprisimg e RNAgioftrserade. about 5 to
about 30 nucleotides and the DNA portion of the conposite prinmer consists
of about 3 to about 12 nucleotides. 157. A kit for anplifying a

pol ynucl eot i de18&qudrkiefor amplifyisg Rﬂgo@nﬁélémﬂféisécﬁien% E%Dhgsiwgﬁrcﬁﬁlﬁoﬁﬁe
conposite primer, conprises a 5' portion and a 3' portion, and
wher ei n t REMRRAHSETR thsicopmositeprimerrmprisepan RNA postien atdsa 3T DNdopartian, t o

about 25 g i . ti.on of the .co it rj ner,.consi sts
of about 3 tohggfgt}g@ﬂ@pﬁ%@ gg%ecg)g{pf?&prﬁ‘ﬂ%“i?f’fls%g?gﬁ%t%tggl?oﬁ\}ﬂer ein the
5' RNA ponudlentidesamtifha &NA portioniuf te cdahidsie pimePconbz® of BBSuld fo abbuttiz cl ai m

157, wherein the conposite priner consists of the 5° RNA portion and the
3 DA potdietites

157.  Akit 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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160. The kit of claim 157, wherein the RNA portion of the conposite priner
consi sts of about 7 to about 20 nucleotides. 161. The kit of 3l &inila%7,
wherein the RNA portion of the conposite priner consists of about 7 to

about 18 ' A | ngapore patent App. No.
200204820-Iggﬁg§9“$§§t?%€36ﬁ)'hgt’i%@@;s%' ein the conposite priner
consists of the 5 RNA portion and the 3' DNA portion. 163. The kit of
clai m 157, wherlé2n {lhe kiRAclmtlis@nwhéreinthe compaite bemer toriists GRS 5'T$A Of
about 10 t rtiabout t20 ,m)lﬁl eotjdes. 164. The kit of claim 163, wherein the 5
RNA porti & |°§’a38j1§c§a BPAHA- 3 DNA portion. 165. The kit of any one of
clains 157-164, wherein the DNA portion of the conposite priner consists
of about 5 to about 12 nucleotides. 166. The kit of any one of clains

157- 164, wher eilf3+ hdhekit of olaimd a7 pivhérbin the BNgopartion Dfih%bmﬁ@ﬁﬁei;ﬁtrﬁewf about
7 to about 12 nucleofjdes. 167 The kit of claim 157, further conprising an
enzynme thg?nséﬁt%gﬁ@ ukkﬁtofqb{gm Z%ﬂuW'JﬁBNA hybrid. 168. The kit of claim 167,
wherein the enzynme that cleaves RNA froman RNA/DNA hybrid is RNaseH 169.
The kit of claim 167, further conprising a DNA pol ynerase. 170. A kit for
anpl i fying a pdp§nudhesitiof elairedG8rebereinrthe 5'RMNQ partivartp adjatent tdthe BEDNA

wher ei n s%ﬁioﬁorrposi te prinmer conprises a 5 RNA portion and a 3' DNA
portion, erein the RNA portion of the conposite primer consists of about
10 to about 20 nucleotides and the DNA portion of the conposite priner

consists of about 7 to about 12 nucleotides; a DNA pol ynerase; and an
enzyne that cl é8¥esThakitof amy encRficbivts 157 b64, svherkirl the TIA lottiaaf oftheti m 170,

et " o CinRosiEABILhA RS batdilt 885 out T2 hlectiges” POTT! ON- 106 Singapore
166.  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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31 AUG 2005 172. The kit of claim 170, wherein the conposite priner

consists of the 5 RNA portion and the 3' DNA portion. 173. The kit of

claim 171, wherein the conposite priner consists of the 5 Rhﬁ/hgﬁqmggn and
nz

the 3 . i 4, JThe kit {Mm_170, wherein the e

cl eavesDgg&ﬂgégh?gna%mlﬁ?szﬁ@@t%seH 175. The kit of claim 148,
wherein the conposite prinmer consists of the 5 RNA portion and the 3' DNA
portion. 176. The kit of claim 148, further conprising a set of '
instructions f ca i ng ut a mefhod conprising incubating a reaction

m xture, said 32%l-ct itfﬁ?\h/k}ﬁ%fﬁ 18 1/8nwhereinthe cqraposife peimet eonsistgfithesd' ®NAI ) a

DNA t enpl gbgiontand fch 3' §MA Gbitlond CONMPOsite primer that is hybridizable to
t he DNA tgnpl ate stra?g\fIj é?/'glétrogin the conposite priner conprises a 5 RNA
portion and a 3" DNA portion; (b) a DNA polynerase; and (c) an enzyne that

cl eaves RNA fr an hybrid, wherein the_incubation is under
condi tions t hagg%er Hﬁ%%‘%{Hﬂ)’rerﬁ@tq‘%?ﬂmmsltﬁﬁflmeémlﬁﬁiﬁ ofrihe RIBAVA
cl eavage, paﬁgn%aﬂ{@gzw&tpogfo the primer extension product fromthe
tenpl ate when RNA I's cl eave Pfomthe primer extension product whereby

anot her conposite primer hybridizes and repeats prinmer extension by strand
di spl acenent. ) e ki f cLaim 156, further conprising a set of
instructions f ?an}??#ﬁ@tf‘:@w 128*1‘@”{‘%6‘& the.przymsthay cleavesRNAfsPaar eact i on

m xture, KNADNRGYHRNisANdsEfe conprising: (a) a conplex conprising (i) a

DNA tenpl ate strand, and (ii) a conposite primer that is hybridizable to
the DNA tenpl ate strand, wherein the conposite priner conprises a 5 RNA

portion and a 3. rti.on; DNA pol ymer ase;, and (,c%%;{an enzyne that
cl eaves RNA frim'm%QWES%W?h?ﬂ?t%%’“2119@@9@5‘%?9?@5 faheyy App.
No. 20020#6#idnandiRr2DNA Bértioacubati on is under conditions that permt

primer hybridization, prinmer extension, RNA cleavage, and displ acenent of

the primer extension product fromthe

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) 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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tenpl ate when RNA is cleaved fromthe priner extension product whereby _
anot her conposite prinmer hybridi zes and repeats prinmer extension by strand
di spl acement. 178. The kit of claim 157, further conprising B agf Zlfﬁg

instructiqns for carryin 0 a_nethod conprising incubating a reaction
mi xt ure, gﬁnaws&em%#h&m&&ﬂ%@@%@ (a) a conplex conprising (i) a

DNA tenplate strand, and (ii) a conposite primer that is hybridizable to
the DNA t ewipkeih ehesihcubaton wWhakde fordifons ﬂmgéﬁﬁiﬁpﬂhwﬁfbr@&?m)sﬁ,}%& 5 RNA
c n enzy

portion and a 3" DNA portion; (b) a DNA pol ynerase; "an me t hat
cl eaves RXensigns BINAmieayapeaand Bisplacemersiofthe prinecriertensian productsfram dher

ave: oAy cermerd ogihe ine ostromder
Cl oavage, annres, BRPRAATL bEReq Hoth i bd:RheoRion BFPque CRGEDY Piiherne

tenpl at e whmpostiy/primerdlybeidioss Adr@péepriinbrBitenBioh ) Steafd Hfsgﬁb’éiﬁen‘t‘her eby
anot her conposite prinmer hybridizes and repeats prinmer extension by strand

di spl acenent. 179. The kit of claim 158, further conprising a set of
instructions f cardh yi ut t hod conprising Lhcubating a reaction
mixture, said rdSot iy Krofeli 138%‘?&'*&5??&‘?[}%558 a5k BhIFEYCHOBRAriCRTHRE (i ) a
DNA t enpl auta miettd ¢omprising iindubatigOARASSemBthrEBaid feh@ion Mi bitlh@Rg:e to
the DNA tenpl ate) strand, \%/ne[ei n the C(l)rrposi te S}i nmer Ogonbxwgggﬂgﬁﬁgé RNA
portion and a %* a9QMRleF eqraprisingfi) aD¥atemplatersirandeandii) a(conpasitegrizyere t hat
cleaves Ry {d1/Bd PN e | di rein the jncubation.s under

condi tions t hat pe%halté‘%rl rrelgxﬁ%/@g}aé%l\gzlgatnl onperEti;the COMPAsyte R, CorpRpises a

cl eavage, SaRNAdatibmashedt DNA jpditomr i mer ext ensi on product fromthe

tenpl ate when RNA is .cleaved fromthe priner extension product whereby
anot her corrpoﬁ?)taeb%ﬁﬁ’fﬁ}’mﬁﬂ?ﬁ%ia&dzes and repeats prinmer extension by strand

i spl acerent . 480 cHifinkifar Olbaes20A Hh o KKWIBR,CRIA. ST 10 @ set of

instructions for carrying out a nethod conprising cubating a reaction

ni xture, ¥derrin thedndubation istunder conditions thagperddriderMy6ridRaforSiprgRpor € pat ent
App. No. 2)9,(020485&% &%2, a Coﬁl elx co ri&]iﬂng (i) a DNA tenplate strand,
and (ii) § COWPbsTY@ SFPrey anq fisRlasesmany ot thapisr extersiemprodigt framicat e
strand, wWesitats wHef FOPAROAEAVR REdniBle pHHR kRS0 productthierBSY drofiieyand a 3

DNA portion; ) -
composite primer hybridizes and repeats primer extension by strand displacement.

179.  The kit of claim 158, further comprising a set of instructions for carrying
out a method comprising incubating a reaction mixture, said reaction mixture comprising:

(a) a complex comprising (i) a DNA template strand, and (ii) a composite primer
that is hybridizable to the DNA template strand, wherein the composite primer comprises a
5' RNA portion and a 3’ DNA portion;

(b) a DNA polymerase; and

(c) an enzyme that cleaves RNA from an RNA/DNA hybrid,
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from the
template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

180.  The kit of claim 170, further comprising a set of instructions for carrying

out a method comprising incubating a reaction mixture, said reaction mixture comprising:
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(b) a DNA polynerase; and (c) an enzynme that cleaves RNA from an RNA/ DNA
hybri d; wherein the incubation is under conditions that permt priner
hybri di zati on, prinmer extension, RNA cleavage, and di spl ag:qfrméc}tz f the
primer extgnsion product fromthe te;g_iate when RNA is cl eave @ omt he

primer ext¥RERBArS Pdert App No200204820-5conposite primer hybridi zes and

repeats prinmer extension by strand displacenent. 181. The kit of claim 171,

further conpri gi)c [ . ' Vi DG t hod
conprising i ncﬁlo)at i_%pq??de?ﬁapcrh n(ﬁ}r@ﬁﬁeﬁpg%%‘@aﬁ%‘%%&@ﬁ% p&@%ri si ng:
(a) a compraéis hybmidizablertg theiDNA tEmplatestrind] whertiahdlcondgifité piimeRcRPMLESht €
primer tlgalé_wi S r}ﬁbri d‘i 22,2[5]3 to the DNA tenplate strand, wherein the
conposi t e prVAeroTioHAY & A ROTUQRA portion and a 3' DNA portion: (b) a
DNA pol yner ase(b)admmcﬂolﬁﬂeﬁg@m that cl eaves RNA from an RNA/ DNA hybri d;

wherein the incubation is under conditions that permt priner
hybri di zat i on, (Pranresgymehatelsaven RNAAont saRdgeDNangytdids pl acement of the

pri mer ex@nfsei. Oﬁl pr%@uct fromthe  tenplate when RNA i s cleaved fromthe
primer extenst dHCPr ﬁ%‘?“\ﬁ/r"‘@a]%‘ nEfonh Rt PEBHRS I dy bridizetionaprfieti zes and
repeats pekERioRRNAAladty it di?ﬁl%&&@%ﬁ@%gﬁﬂ}er eﬁgxgsri?@xﬁgﬁ&g%ﬂh

characterizing a target polynucleoti sequence co M ateri zi ng
a nucl ei ctesnlate avhehiRNA it ¢leaveq fodutie printee ericnsisepdducioliRirébyatother

2 DAt o8P PG bR PR R Bt i cateonion bY St dislagetnensotuence.

wWith a conposite prinmer, said conposite prinmer conprising an RNA portion
and a 3' DNA Eort ion, (ii) optionally hybridizing a polynucleotide
conmprising a té&$hi ndhe kit of plainy A7 LI funhérdempeising acset ¢fdnsiructignsfor odrriihg

t enpl at i GO S g 5L Wit t to _hybridizati f th it '
oot SbfiethSd Bomphilifl [-ERRAG: & Racibhihisbind Satiadon i R R Br nc.
109 3 1 AUG 20Q8 aSonpipaomppising'(t) 2ADNA t%k@xpla?@ﬁ?aﬁﬁ,%@-(ﬁ) 4 Edﬂlp&étitﬁ?‘iin{w the

neal ed _conposite priner with an enzyne t cl eaves

% P ?LH 'X'Q}t ﬁhx%%&@ﬁ; f thg DN kemplate strand, Hherein theamirtpesits primer comprises a
5' RNA portion and a 3° DNA portion;
(b) a DNA polymerase; and
(¢) an enzyme that cleaves RNA from an RNA/DNA hybrid;
wherein the incubation is under conditions that permit primer hybridization, primer
extension, RNA cleavage, and displacement of the primer extension product from the
template when RNA is cleaved from the primer extension product whereby another

composite primer hybridizes and repeats primer extension by strand displacement.

182. A method of characterizing a target polynucleotide sequence comprising
characterizing a nucleic acid amplification product, wherein said nucleic acid amplification
product is generated by a method comprising:

(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
a 3’ DNA portion;

(ii) optionally hybridizing a polynucleotide comprising a termination
polynucleotide sequence to a region of the template which is 5° with respect to
hybridization of the composite primer to said template;

(iii) extending the composite primer with DNA polymerase;
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hybri di zes to the tenplate and repeats priner extension by strand

di spl acenent, whereby nucleic acid anplification products conprising the
target sequence are generated. 183. A nethod of characteriﬁiqg 3w}arget
pol ynucl eot.i de sequence conprising characterizing a nucle é @i 5

anpl i fi catyibgapose patentApmiNos20020482@i5 acid anplification product is___

generated by a nethod conprising: (i) hybridizing a DNA tenpl ate strand

conprising the I : - osite rinmer, said conposite
primer conpri sidnvg cgbﬁ’h&g& porﬁ &g\ﬁ{lg&naﬁgggﬂgﬁiﬁécﬁgﬂﬁﬁwmmﬁ‘)"ﬂbﬁ‘f ?‘%’Qel y
hybri di zi nptgleapts/RNA| femh ad RNAMNA $iybéd sudhathifladthbddmpdRlty pHmkeot | de

sequence ;h(P)' ad.re iog of the tenplate which is 5 wth respect to

hybri di zatVBHdiges tothe t?awﬁﬂsg ppdrepeatsprimepexsension nsttand displacemyntewhembl ng t he
conposite ' idh i o (V) cl eaving the RNA portion of the
an ggal ed é’gﬁlgg?‘i{c%dg'% e W{%U@éﬁéﬁggé}gg %lheatf“ge Tegﬁ?ﬂé’g W“F&g% an RNA/ DNA
hybrid such that another conposite prinmer hybridizes to the tenplate and
repeats priner tensi on hy strand di spl acenent, whereby nucleic acid
anplification r}%dud’t glﬁ@@ﬁﬁfpbara@emmg 8 tarpetpobmuclodtiderrequencg eomprsjopgnce are

gener at ed ; . Qf - | ther.a target pol ynucl eat.i de
sequence fgﬁéggéﬁggﬁngggo%gj%{l@ ?ﬁclsa glg[cli %r?g?ﬁto H’h%%ﬁagf‘?‘f‘fgm‘a é‘f‘g eﬂpﬁﬁCW& her
t he targeprqggqtj@rgcaerwsdﬂ)yamhod ¢comprising| ei ¢ acid anplification product,
wher ei n si'ﬂgu | ei c id anlté)ilification,product is generated by: (i) '
hybri di zi % ¥oisAng & DINA templae strand somprising gher targetssamenseravith axompesite ar get
pol ynucl eptihfde, suidt m' ' i |t LWMer..conprising an
RNA port ?on and aébgﬁ) 0%)NA poﬁcﬁ)gﬂj;rdszﬁ 3’1 @g#&@%@ﬁ%%hay% r[?[gﬁzploﬁ%o%

pol ynucl eot i de (ibompionaliynlytaidizingra pallynocleotiitel conipeisiag aiteteniofipmence to a

regi on of ate which is.5 wth respect to_ hybridization of the
conposi t eP Ip’)lplﬁlrlr%lg&?dg SEWNEY g’rﬁﬂeg’toé‘;‘)f\(,t\g‘? ﬁeylpia!w A§ot With gespessde t e pri mer

Wi th DNA hobrdiedtRasf thd somposRapiner foai pes.tion of the anneal ed
conposite primer, with an enzyne that cleaves RNA from an RNA/ DNA hybrid

such that anot (&) cxterding theecomposite primer Wit DNACp@PHBraSt;ngapor e pat ent  App.
s a2 08P Qe RN ABRIR S e ARl L mPOshe R Wt evme that ™' " Y
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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nucl eic acid anpli fication products conprising the target sequence are

generated. 185. A nethod of detecting whether a target pol ynuglie iaﬁ
: . : A . 7

sequence is present in a sanple, said nethod conprising det ectl% et her

t he targetg; i,S._prese i n jc acid anplification product,
wher ei n saﬁlgggég’ggﬁ)@tﬁefé Pf?ggw‘&gf‘b)‘g)duct is generated by: (i)
hybridizing a DNA tenplate strand conprising the target sequence with a
conposi t e hybiidiges toshé tnqiatpasd tepedts piiRter EALRIOFbY dradl difacBftl SRyl @ 3
DNA porti onl; . (@f1 optjonal ly hybridizing a polynucleotfde conprising a

t er mi nat i SHCleiSAcYhmplelinatign pEasytts semprising thestgigshsegfiericherd geamptagdde whi ch i s
5 with respect to hybridization of the conposite priner to said tenplate;
(iii) extending the conposite prinmer with DNA pol ynerase; (iv) cleaving the
RNA portion of 18he anmetloddfdewping Whethéd dfgeV'bdlPnitleotiid ¥fien ehﬁ@/; e@érgaves
RNA from an RNA/ DNA(F briﬂ such that another conposite priner E)I’I i zes
to the tenbP SFBPE S é‘ﬁ@& Sompripipg deteeténgsvhethenthe target sequiesgs! ispresenttin a

wher eby oty -TeIN i fi i oduct s  conpr,i Si t he coppl enent of
the tar geroei S EhENRARH pLty HRe bR b GE R a o etah P abie Br 165,
wher ei n sgentrated hpt sequence conprises a nutation. 187. The net hod of
claim 186, wherein said tation is a single nucleotide polynorphism 188.
The net hod of &'S hiy m“%@@g%@%&ffﬁpw@tﬁa&ﬂ gempysing thedergetssedudnee wath dy

hybri di zi gempedifd i £ Lon. '.hang@leic.acid i\’g‘g that is
hybri di zabl e? sl %défé“e‘*tlﬁdégé’hﬁﬂ%‘é.&'ﬁ‘a%%% &%OYB%‘R%‘H’[Q N,
200204820pert®n]l AUG 2005 189. The nethod of claim 185, wherein the target

sequence i s det.ected bri.di zing said anplification product with a

nucl ei ¢ aci d pk@boé’%toﬁgq(y *"g};’rﬁ%ﬁ?g ﬁlP&dﬂ?‘éeqt@etcﬁélpﬂé'@&ﬁlt@fmémtlodjf the target
sequence. pbiiudEftidERequstd &fa Rbidnl - i ' i§ nucleic acid
pr obe corrgri ses RNA 1gl.The e lhod ﬁ%’@}%ﬁ%ﬁéﬁwhﬁﬁ%ﬁ?n said

nucl ei ¢ aBYRfidizasion of ghepedmepesite primer to said template;

(iii) extending the composite primer with DNA polymerase;

(iv) cleaving the RNA portion of the annealed composite primer with an enzyme
that cleaves RNA from an RNA/DNA hybrid such that another composite primer
hybridizes to the template and repeats primer extension by strand 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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192. The method of claim 188 or 189, wherein said nucleic acid pr obe
conprises RNA and DNA. 193. The nethod of claim 188 or 189 wherein said
nucl ei ¢ aci d probe conprises peptide nucleic acid (PNA). é gﬁtﬁpﬁ?t hod

of clai r 189 rei s provided as a m 195.
The met hod ?I’QT%PH#(?L&“ 3%%% ér oarray conprises the probe

i mmobi li zed on a substrate fabricated froma material selected fromthe
group consisting of glass and nitrocellul ose. 196. The nethod of claim
184, wherein the target sequence is detected by limted primer extension.
197. A kit for _anplification of a polynucl eotide sequence, conprising (a) a
conposite pri A8y cahpmethadpfgldm IB8Awherein theitasged sequefiAs detettedby and (b)

i nstruct r..garr out t hod. 0 f clai 9- 110,
117- 119, lhg%d‘i'%‘g Sa‘g P@?gﬁ 5‘1‘?2"”@‘1 Mg@gﬁgﬁ&@ﬁiﬁ% t%&%
20020482 QompRarhosElE Hr &@g@@mévar ch 4, 2004 198. A kit for sequencing a

t ar get nucleot|de sequence, conprising (a) a conposite primer conprising a

3" DNA portion and an RNA portion, and (b) instructions for carrying out

t he net hod of y cl ai - 22, 109-110Q, 120-130, and 145. 199. A
kit for char aé?@ri %ﬁ&e}i@t{l&i@d@e‘%fm 1295@}4@5@, s#d auelgicqetd prebssamirises i de,
conprisi MINAA) a conposite primer conprising a 3' DNA portion and an RNA

portion, and (b) .instructions for carrying out the nmethod of any of clains
23-26, 66-80, 109-110, 131- 132 145, and 182-183. 200. A kit for detecting

a nutation in target .eot i de, conprisin a), a osite, primer
conprising a ésl DNiﬂ e@?%%r}u MR8 QA8 %GYWI{)‘?"%H Sa‘gﬁl(d"l%“iﬁ’)acﬂﬁﬁ WRSWES for
carryi ngroN4. t he net hod of any of clains 27-29, 81-95, 109-110, 133, and

145. 201. A kit for producing a mcroarray, conprising (a) a conposite
primer conprising a 3" DNA portion and an RNA portion, and (b)

':ngj ;ggt : 223 i% Caht %c%doolflclz}i A 88 ortl EQ wht:rcuzli rs%d %Ilcl%{c%lc{as prgl())e co?gpnls:eLg

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 kit 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.
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202. A kit for detecting whether a target polynucleotide sequgn AE’

present in a sanple, conprising (a) a conposite prinmer conpr di 6251]53' DNA
portion and an RNA portion, and (b) instructions for carrying out the

met hod thﬁ cl a| ns &4 136 203 The kit of any of clains 197-202,
wher ei n t 3N 05611’@1 temt 204845t to the 3' ReplpremeémtPagest. The
kit of claim203, wherein the 5 RNA portion is adj aceNarfch 48004 DNA

portion. 205. TR8. KiA ki foraByuddbing!atthiFet ﬂlﬂ:feoglgé ef{%lgﬁt%(e.h@mﬁﬁﬂi?% ainhng a

pol ynucl eoti de conprising a propronoter 205,
wher ei n t [fempesiteriimhes sompeisingra’ IRV A gostiqur andran RN & portion, sad(®Pinsdions

The kit oferE B e R R eNcor R 61 Do 68 KO 470 3 S omort or

is a PTO 208. The kit of any of clainms 197-207, further conprising an
enzyme which cleaves RNA from an RNA/DNA hybri d 209. The kit of claim
208, wherein tA89 enZ’ylﬁléfqrsihmat@emgzbequeﬁheokmterm ireantargek polyaidieotids; 52,

115, 116, further co sing ,jQstructions, for carryl ng out
the met hog&ggnéﬁg(%fadgpﬁm © RUmpgr ¢ ‘5115033 éﬁ Asppgtion ansl andyNA pefapm ad 145,
114 (b) instructions for carrying out the method of any of claims 23-26, 66-80, 109-110, 131-

132, 145, and 182-183.

200.  Akit for detecting a mutation in a target polynucleotide, comprising (a) a
composite primer comprising a 3° DNA portion and an RNA portion, and (b) instructions

for carrying out the method of any of claims 27-29, 81-95, 109-110, 133, and 145.

201. 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. A kit for detecting whether a target polynucleotide sequence is present in a
sample, comprising (a) a composite primer comprising a 3’ DNA portion and an RNA

portion, and (b) instructions for carrying out the method of any of claims 184-196.

203.  The kit of any of claims 197-202, wherein the RNA portion is 5° with
respect to the 3° DNA portion.

204.  The kit of claim 203, wherein the 5° RNA portion is adjacent to the 3’ DNA
portion.

205.  The kit of any of claims 197-204, further comprising a polynucleotide

comprising a propromoter.

206.  The kit of claim 205, wherein the polynucleotide comprising a propromoter
is a TSO.

113



Singapore patent App. No. 200204820-5 Replacement Pages
March 4, 2004

207.  The kit of claim 205, wherein the polynucleotide comprising a propromoter
isa PTO.

208.  The kit of any of claims 197-207, further comprising an enzyme which
cleaves RNA from an RNA/DNA hybrid.

209.  The kit of claim 208, wherein the enzyme is RNaseH.
210.  The kit of any of claims 45-52, 115, 116, and 148-181, further comprising

instructions for carrying out the method of any of claims 1-18, 109-110, 117-119, 122-130,
and 137-145.
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