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PRI MED COVPCSI TE PRI MER CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011
Thi s app ca tion claims priority under 35 U.S.C. 119(e) to U S

Provi si oN4] W&%hﬂt Appl i cations Nos. 60/462,962, fil edP@PE$100461272003, and
60/ 462,965, filed April 14, 2003, each of whi ch is incorporated by

ref erence |§R' I ﬁ‘ﬁi@i r et TECHNI CAL FI ELD [ 00021 The invention relates to
the fi6ld SLORRLAMPIIRGATION DSINGA FANNERALYERIVED GOMPOSTER

i nvention provides nethods, conposi PRAMERNd kits for anplifying (i.e.,
making nultiple copies of) a nultiplicity of different pol ynucleotide

tenpl at e sequences using a randomy prinmed RNA/ DNA conposite primer.
BACKGROUND ART [ 000&ROHS-REFFRENCERED REBATEDYABPLICKATIONS aci d (e.g.

genom ¢ DNA) sanple is inportant for many studies. Hi gh-throughput genom c
analysis requires |large anounts of tenplate for testing, yet typically the
yi el d of[ooon]l ei c arhisapdif t I t ed

For ensi c[ 0113 paI eoarcéref'(i)lcgm)Ii agidéﬁ#ﬁéygg%érggggv e]ﬁ§(€1):t°mUt§eg}°3’)’7SIW&l eic
aci d saiakns Appheations dNos; Gﬁlfr@w@; fiteid Aprdr]mr mgoamhesa)/asz HEM &lddA prilerdabi ity

to carry t al anal f mul ti, paraneters, as is required
for, for dgg T ?59%@2‘165}?8@5?%‘@’%? elrengs gy enPE%)f- in the study of conpl ex
di seases. Moreover, it is well qrggg@q@gﬂpgﬁ | ecul ar anal ysi s

determ nation of genom c instabi y 1 n various pathol ogical condition such
as cancer, is nost precrsely carried out in well defined cell popul ations,

such as obtar ctron or. cell sorting.

Nucl ei ¢ [g‘iﬁg anpl i | ca érflgﬁﬁ?j%tﬁﬁgﬁg&?g@ qurPé’ﬁyn“ﬁieB ranpfification. Mere i cat i on

of very wrtwhlarlppﬂmriwdnaohpﬂﬁn@@mtm doMpARN AR LA kit ALAPRIRY (2. Ve }‘eW
s géneral |y

cells r t’i’& asolutrontothehmted startin
avai | ablneéf‘F%' s of) puvlfiplicitk eflidrent pelyabelestide templatepbduences
ri bonucllﬁingaq.gﬁdjm{l ?ﬁ}n II(TBQ{OE&BW ect of efforts to elucidate

bi ol ogi cal "processe resents gene expression
activity at a defined trne. GEne expression is affected by cell cycle

progression, 1 WO 2004/092418 §CT US2004/ 012779 devel opnental regul ati on,
response to internal and exter D the like. The profile of

expressed genes for any cell type in an organismreflects norrmal or disease
states, response_to various stinuli, devel opnental stages, cell
differ elﬁqqoél i on, Ahdqualitylapd guantitmef nucleic acid (e.g. genomic DNA) sample is

important for many studies. High-throughput genomic analysis requires large amounts of
template for testing, yet typically the yield of nucleic acids from individual patient samples
is limited. Forensic and paleoarcheology work also can be severely limited by nucleic acid

sample size. The limitation of starting material impacts the ability to carry out large scale

analysis of multiple parameters, as is required for, for example, the genotyping of multiple
loci in the study of complex diseases. Moreover, it is well accepted that molecular analysis
determination of genomic instability in various pathological condition such as cancer, is
most precisely carried out in well defined cell populations, such as that obtained by laser
capture micro-dissection or cell sorting. Nucleic acid amplification technologies that
provide global amplification of very small polynucleotide samples, for example, from one
or a very few cells, may provide a solution to the limited starting materials generally
available for analysis.

[0004] Likewise, the ability to amplify ribonucleic acid (RNA) is an important
aspect of efforts to elucidate biological processes. Total cellular mRNA represents gene

expression activity at a defined time. Gene expression is affected by cell cycle progression,
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codi ng RNAs have been shown to be of great inportance in regulation of
various cellular functions and in certain disease pathol ogi es. Such RNAs
are often present in very low levels. Thus, anplification nmethods capable

of anpl i fwo Nngsewisabundance RNAs, including RNAs that peEEuse4012779
pol yadenyl ated, are of great inportance. [0005] Various nethods for gl obal

anplification of DNA target nolecules (e.g., whole genone anplification)

have bee ' ' ' . PO ase, chain
reacti ona?%%)ﬁ{.eh%g&gulg Iﬁgh’%%s g@algg%ﬁal%gé @9@&%&13@%&%}%@?3 ; Daigo’ et
al ., (20pofileofiexpresRdtgents fot Gy ¢&) tyb6 2Bar 6:FAnistdaefiects natinal 62@%hke stdagicer
Res. 61:4169- 4174. Zhen ,e&y all , (2001) Cancer, Epidem ol._ 10:697-700;

Di et mai eFSRRSG [0 Ya{fé’%?mﬁﬁ#a velopmentsl stagesqcqlligiffersnioagiongansbtbr likp.nNea- a

2002 ink ~4R=-5%: . . 4 .
i R AL e
| obal plidns ead itocertaat discise psthologis. \Bnch BNgenreseftanpkidnt ovd WGA) ,
geﬁe?at elenegn-f]geci fiﬂiﬁ\anpl [ figgaci ioong&srt i fact,s],qgai ve | ncf)mt)l etdépgzbg{(/erazge g?y
loci, or “getier do%ed™ cafionimethads; capable of enplkify aw abundroee BéAssed in many
appli catjh@maingmpﬁﬁtegeg%g ?@95?%‘?1%%%13%%; {Iﬂnﬁr{ﬁﬁ% propensity of the PCR

reaction to generate pro ere anplified, and thus
resul tin@003 bi aseVariapmegbuisdbr globalf anydifivaiion SRDNAMERSt mblechles (gag.oduct s of

the amerVAdE Biotte HESH R baky describd, TbiisieRemonr based onthe ar 3. | Soe,
60145, qom fmertieuhalifleact AP CR)7 Bhe SIS, Retens Nob, 573170 30 4y Do
5, 4|09, 8163?1-@0@197&@3%3&059(5%(8)35@322 03}63imwaﬂg$t mgmgngr%dcm@gsl;4lgg_

i ' . 1 ; 7
D04 GoSITH7 IR ot o (a0 P CARCT Btteriiol 10887 T0f Wodtoarien of ShAAD) Amnd: t ne

si mul t arfesthod. KP4} 83-08;38tbedkldth efall ROED AR Phihef. 16Fﬂ(j&@,-§ﬁ%.§@i>itelﬁs the
siron o

cation of patterns of expres known and

detectiqn and_quantifi

unk nom%@n@%?‘tam 0a2890.94% Dgen ehali (20020 FNAD AN 26 pS266r Hoseusr RGR: he
reverse I} e-nol hai n,_rheaction - PCR od and

vari at i g) r?gédf%ggelg ?lfpﬁﬁﬁaetfsbgl Mén@{)%ggg&% SVROIE BEOBF BF%H%CEQ?% SW’ EAMY,

rever se genemmonpedfic tmplification didfaetsstive omplddNbveigRl B géndritet Ne RNA
(cDNA), diﬁ@*f?g' s _followe 8% pol ynerase chain reaction PCRg) anplification
to prod FRsH céenég?ﬁ!ggs t cappigbbeused inmmaayl apmisationst Wéﬁ%ha&eﬁmhodmt hods
are nos e Li?%g‘“ Lol £l I cks: a) the
reacti o?naéS%(Z% WO 2%184 22%[%?%8? %@%ﬁ%ﬁg&%&nﬁé%gﬁrggﬁ‘%g@%gyc| ing; b) the
pr oduct Preferentiadineplifedamubtins rdsukingan dakédgpicbamilodsst gepomassiiidmed 0

bi ndi ng .t robes: d c),.the react,ions are prone to contam nation with
9 1 &e%roc?uc%s’ otqﬂe am%hftlcatlon reaction. P

[0006] Additionally, a number of methods for the analysis of gene expression have
been developed in recent years. See, for example, U.S. Pat. Nos. 6,251,639, 6,692,918,
6,686,156, 5,744,308; 6,143,495; 5,824,517, 5,829,547, 5,888,779; 5,545,522; 5,716,785;
5,409,818; EP 0971039A2; EP0878553A2; and U.S. published patent applications nos.
2002/0115088, 2003/0186234, 2003/0087251, and 2004/0023271. These include
quantification of specific mRNAs, and the simultaneous quantification of a large number of
mRNAs, as well as the detection and quantification of patterns of expression of known and
unknown genes. RNA amplification is most commonly performed using the reverse
transcriptase-polymerase chain reaction (RT-PCR) method and variations thereof, These
methods are based on replication of RNA by reverse transcriptase to form single stranded
DNA complementary to the RNA (cDNA), which is followed by polymerase chain reaction
(PCR) amplification to produce multiple copies of double stranded DNA. Although these
methods are most commonly used, they have some significant drawbacks: a) the reactions
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products of prior anplification, thus requiring strict containnent of
reaction mxtures. Oher current RNA anplification nethods use initiation
of repligation of MRNA fromthe poly-Atail at their 3 ends. However, not
all RNA %@WQ%’??ZM% have a nRNA tail (for exanple, prolCHYSWICIRKAS and
non-coding RNAs). In addition, due to sanple preparation procedures, the
RNA transcript structural integrity is conprom sed. Thus, it may be

desi r abl &quire themenynling; b} tresiradwesart douksie sitled thhd fehddnb WepRENOds t hat do

not require.knitiat.ion of repljcation at the def i ned pol'y-A tail. Al though
anal ysi g&ég‘%sgl%entp bé‘?'r‘iipg ?q E&bmﬂsﬁé%%mr@,ar@p@ngm ¢angraminatiomovitlt  of

startin E&{&tmﬁrg, ; C) é@?n . 1 ta mount af , sanpl e RNA

t hat isqgvai | abl'e irs fpglgg%ﬂec{‘?fﬁ'fsfu 1?@%?@%%&%8 eacllonﬁlium%g'rcal sanpl e
f r om whi @thes quriest BN aneplifiditioh agites usainitiztion af eplbitin JfintN & drom fheaMOUNt
and prec] .y over he_anount of the various RNA species is not equal;
sone sp?co?%é%l?/g{ﬁﬁlfg %mfﬁngme%aw B RN Atranseripta havet Adeib(foore i kel y
and easi@ﬁmPISQPmﬁﬁ'@’bﬁémﬁ%ﬂ%hldgﬁ%gtmﬁgflm%@%&@bﬁgﬁ‘%‘xﬁ) s enabl es the

p € i

anal ysis of |ess abundant, rare speci’és. ° anal yze snal |
sanpl es Preparghienpsocstiuradhe RNmuhm:kcﬁpﬁ’qm}ubﬁirﬁaﬁﬂegm?r i$ SondhroMisadV FREQgeous for
desi gn Qﬂ:{q;ge&fe%{rﬁb of |arge .scal e screeni gg%gf effector nolecule libraries,
for whi ChOrBHTETFRIR I 66 RsENGERdo uge pplificstion methods that donot he

abi | i ty requifedtitiafion ¥eieplitod et Hee Ay [ g fihr oughput
screening, .and__in_ vi eyv,of ot he 1i mﬁ?ﬁ%ﬁg%ﬁgt %lg'#hétl{%'ragjrs%(g&%onent S.

[0007] Tﬁ@ﬂi@%mA isfeasiblesa signifioant hmnltl?tqfrswfﬁgg]c RNl wild at& i&lﬁire?:t h.odls .
part I CU I |,C ca a I.TYy or IR\ 6] nucl eot | de
targets. e)e(’eﬁ’ ﬁf/‘eeﬂé | %r’nlw et W]&QM?@’C# ?V[T?B?IPIF F%%%ﬂ)hlé@lj@f ‘330%@8] All

t ef er eneemunt dfddblbgicsli sampla b Fitich # & &itvedPBld | h:cat bons,
are incorporated,_ by [eferpence in their enﬁ@rg%di@ﬁl%@%@ﬁgggﬁ#@eh

| NVENTI B1% §1d Prrs1quAsMeteoser, eamotiabofithe Mardiss RiAspaidsiionst.eqaslgd kits for
I sot her ggh 1l ' Ing a random y hyhridi zed RNA/ DNA
conposi te %?I?Jcrr%rg ,%ealgg%e bfuhg%tt k@%‘&l&% %%le’oéﬂ’ﬁg se %mét?FBﬂie& WdieaHAL fRt hods.

[0010] AvalysediThglapility to anplifyRIeA tsequchesi RUBIB {HRANRFOY bARSs ARLARA Srafo"
anplifi on of tenpl at e pol ynucl eoti de, said nethods conprising: (a)
i ncubat I 296058@%6@5%@?@1@2@%1@@@@, 01 2ep0s of musleid avid i xt ure, sai d

react i oamplifidaios, i§ QI8 adSidtsbeofid : olynucl eotide:.(ii) a first
primer, erein the f iar_st %greio%ée?roriﬁgﬁéfg%%gtg?sto ?)rrgf’ e§°ﬁ%?@q(gs°fhybri di zabl e
to a nuPfegsermelequle Gbrariesyibawhich oédpotiod Bl wilias is AL EhCEAELRRTPOSI t e
primer fo%,perdbm 18 Be&% Bé)rgrtlérgé' scale screening or ultra high throughput screening, and

in view of the limiting amounts of library components.

[0007] Therefore, there is a need for improved amplification methods, particularly

methods which can globally amplify DNA or RNA polynucleotide targets. The invention
described herein fulfills this need.

[0008] All references cited herein, including patent applications and publications,
are incorporated by reference in their entirety.

DISCLOSURE OF THE INVENTION

[0009] The invention provides methods, compositions, and kits for isothermal
global ampliﬁcation using a randomly hybridized RNA/DNA composite primer, as well as
applications of the amplification methods.

[0010] Accordingly, in one aspect, the invention provides methods for
amplification of a template polynucleotide, said methods comprising: (a) incubating a
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and a 3" DNA portion; (iii) a DNA-dependent DNA pol ynerase ; and (iv) an
RNA dependent DNA pol ynerase (which nay be present as a separate enzyne or
as an enzyne conprising both DNA-dependent DNA pol ynerase and

RNA- depapgdonsso¥is pol ynerase activities); wherein the rﬂfﬁ’s‘% i LS lunder
conditions that permt conposite prinmer random hybri diPiza |o§1§4/03?7|7rbrer

extensi on and, in sone enbodi nents, displacenent of the priner extension

duct _f t | at | | eotide, where, I I Sj
RrAl DUATEROR SRS S R O POIRAOBIE: Coh e PO G RGHER | on

e 11 ¢ priBiRk whef @A Blo Bt LS & oBAPALHEh Aol e i IRl OR MARGHALS

generated according to step (a I quot thereo
pri mer oEheimplatenglybecledtilesitos vdereih ¢he ¢canspiosiie prisaer comprivayan R Aspattibd er ent

e LM T I T
o5 a0 SERATE [DOAOBh BRI B BN PR S 0 BT, L,

i ncubation is under “conditions tha
het er odegmpising bothdINA+dependeint BN A polyprerase and RNendéppnders DNAl pslyhmemsaent  of

o1 ey ed eI S5t B ation i Wi condiflams Batmumt: SUmpISie ari rmdom.
ext endelybridigtRRYpritiéddxdRicReRECH &h&%aﬁﬂﬁﬁ&%ﬁ%ﬁg&gﬁ&w fifer DNA)

anplification product are generated. |n enbodi ne erein the %rerrpl ate
pol ynuceeersiereproduct from temndate palynicleotides twhembyfh compiex(cainphisinglaar conpri ses

yme) t hat, cl f RNA/ DNA hybri d,
her oby RRCN Béfaft @B p B Feherai; EaBl Shbive s e Bita; o RuA
and fi r fdactitr AR XCORMEERE (1) tRSHsaEtion ProdRIP gorRPRQPABINISS tolshP (RP@EEA ON

m xture of step (b) conprises the reaction mxture according to step (a)
(or an aliquekgerqofs  (@Ede pompasitsinrimerdimbidh menbethe samp ag the first primeri ertroay by t he

additio : 0 V. RNA froma partial het erpodupl ex
(such e Rliedtpfiter), Wbeets S CERACHHS bARR ABRoh B RN 30, 1 o

t he reabiNApontions (ii)andDNALéepefidont DN polyenceise0 dhdrgiy sn ade(stépgddron ni xture
of step (a d/ or \gb rther conprises auxiliary prinmers. In sone

enbodi n‘éﬁ@% gﬁﬁelrea QSMM A Avhybrid; rwherein thsi ineubatioisymdet eot i de i s
DNA) , t Bsndithi: FRJR ] r reaction
rnXturea?na). [Sg%???&lig anot e%%géspecﬁ?wg%%ogﬁﬂé’&%és met hods for
anplifi h)dlriﬁ%atioh, Eim¢rexfrnaion, gl displadeamnt dfthb printee ahaﬁs/ 'idS}gplladﬁcﬂa’ﬁim the

m xture, said ction mxture 4 004/ 092418 PCT/ US2004/ 012779

conpri s?%l.?lewf@@s&ﬁﬁ@@wg%@% FOPRGY GoRgROBE Prmer HedsipdRipl ex,

wher ei Neefriiate GRIMBleRIEnt&d, SRREDLF BB dopfed 3RE pBnfclbid Rl LRty PNAY Xt ur e,

said first _reaction m xture
amplification product are generated. In embodiments wherein the template polynucleotide

is RNA, the reaction mixture of step (a) further comprises (v) an agent (such as an
enzyme)that cleaves RNA from an RNA/DNA hybrid, whereby template RNA is cleaved
form the complex comprising template RNA and first primer extension product. In some
embodiments, the reaction mixture of step (b) comprises the reaction mixture according to
step (a) (or an aliquot thereof). In other embodiments, step (b) is initiated by the addition
of an agent that cleaves RNA from a partial RNA/DNA heteroduplex (such as RNase H),
and optionally, a DNA-dependent DNA polymerase, to the reaction mixture of step (a). In
some embodiments, the reaction mixture of step (a) and/or (b) further comprises auxiliary
primers. In some embodiments (generally embodiments in which the template
polynucleotide is DNA), the RNA-dependent DNA polymerase may be omitted from
reaction mixture (a).

[0011] In another aspect, the invention provides methods for amplification of a
template polynucleotide by incubating a reaction mixture, said reaction mixture
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conprising: (i) a polynucleotide tenplate; (ii) a first prinmer; wherein the
first prinmer is a conposite prinmer, the conposite primer conprising a RNA
portion and a 3' DNA portion; and wherein the conposite priner is capable
of hybri ¥%IMYIRH8 nultiplicity of template pol ynucl eRET/ES2084010%9 (iii) a
DNA- dependent DNA pol ynerase; and (iv) an RNA-dependent DNA pol ynerase;
wherein the incubation is under conditions that permt conposite primner
r andom hgdmiprikiize (3)@congpléxEsmisiens RN /BINA ?&rﬁﬂ' 1REL6RPlexOtwhblt BT Mer
ext ensi on_pr.oduct fra tenpl ate pol ynucl eoti de, whereby a conpl ex
conpri si ﬁﬂglé%ﬁx RNRPPSRIS g;é(rlfl? tinga fisst Sepehipe mixtyregeaid fizet expctigminidureonposi t e
primer, i b L& ' - I ses _an RNA portion and a 3' DNA
portion; W?g ﬁéwgggggﬁggﬁ%%%%y@%ﬂé Eet;p m%{:ﬁ’dwn]e%?m © I DrRer 15 3¢
cl eaves ®Mapdsitopriser, BAddiifosity priindt coiprignda R pirauRaid £5' DRA :

rimer hybridizatjon, prinmer extension, 'RNA cl eavage

conditions, that. perm t
from an W%{ﬂ“ﬁlé‘? @n&RﬂFﬁ)BF eumep isFapptlp phisining o acomisipliciteofieinplate f rom t he

conpl ex gd] [ F | & % nd_ano C osi te,primer
Bi ms. arky T ARLORS Slogh RN N obeb et DRAL Folv R0 0 U0 o RIPCTtncBalte

anpl i fi cBNAopolymerdss; twherein geriacubation is undeoseditRab Bt pafiSconiftRits SdGEl ON

m xture %ﬁg/o P§]:fériri]({.st. reaction mxture further conprises auxiliary prinmers.
In sonme YR 1Zatone PRI ¥tensionand displassmonfinfthaprimer ¢xtensicn predweb| at e

RNA i n str@f tédplate ' | i ' ondi tions or
agents prormf@%\g ?8?”%’3%3@‘.1‘;’%6%%8 o%?‘%r)e s?, %tsaﬁgﬁ?r‘%(@ rPQ%&aﬁi on m xture
further hetwrpduplecsis generated; Gyarompositeprimer, aheriiztheedmpbeite giwaves RNA from

RNA/ ' wher eby t RNA i | d f th I
Compr i PEERACRARESH  CR A Bl 610 DR Pesemeniont BhYpoDmerRes o

enbodi menidgd) gedeyak hat clase RIGAVRIR bn hpbit: R HeRbIARod & DY
the conpl ex conprising a RNA/DNA partial heterodupl'ex may be generated
wi t hout YDRET ¢ppditiops mﬂipﬁﬁpépmmhmmﬁbmmmemeﬁMMAmleamffﬁfm aspect,

the inveptp ' faor anplification of a. tepplate
pol ynucl A b%ifle%g%%@?% g‘g‘@dlﬁfﬂﬁ%‘?‘?@d‘ﬁ ° %‘Qﬂsg? pggpﬂﬁp@atg? PmPeE Rf ur e
conpr i sistap: (a) wherpitCRNA 8 Xlcabedarid dndtheP bbiiBosit8 pHERS bids BAPHUIendldl & second
pri mer »ﬁﬁ(t nsion product, wherein the first priner extension product is
gener at EREPYSRYERE; cGRIes f & Polyaneleetide ammlifisation produgt piengemetayesk ilnsared t o
target ReABSAHEROHARaMoh iRt Pé\ég erein the fi.rst priner is a
conposite priner’ corrp?‘?ﬂsolhng an 6)llpor!E {egﬁ?dm%gﬁ%%cmagﬁqs&@@ﬁer ein
the fir grimers.nirsoins eothodivhentowhérghn thelicnpige polyauditdtident RBIA, Yerfplateenp! at e
pol ynuc iy sjtes,, an erein the second priner extension product is
L T N

gener at y" 8¢ earvee & : EPFSD GuEnnapYirgondifiors oy agants pramatingond
primer ljavigd 1€ 6oth® efoBSdibdehast the ArEEadtidh MMQ%%ﬁﬂsgg)(vfan agent

(such as an enzyme) that cleaves RNA from an RNA/DNA hybrid, whereby template RNA

is cleaved from the complex comprising template RNA and composite primer extension

product. In some embodiments (generally those in which the template polynucleotide is

DNA), the complex comprising a RNA/DNA partial heteroduplex may be generated

without the use of RNA-dependent DNA polymerase.

10012] In another aspect, the invention provides methods for amplification of a

template polynucleotide by incubating a reaction mixture, said reaction mixture

comprising: (a) a complex of a first primer extension product and a second primer

extension product, wherein the first primer extension product is generated by extension of a

randomly primed first primer hybridized to target polynucleotide with a DNA polymerase,

wherein the first primer is a composite primer comprising an RNA portion and a 3' DNA

portion, wherein the first primer is capable of hybridizing to a multiplicity of template

polynucleotide sites, and wherein the second primer extension product is generated by
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conposite prinmer that is hybridizable to the second prinmer extension
product, wherein the conposite prinmer conprises an RNA portion and a 3'
DNA portion; (c) a DNA-dependent DNA pol ynerase; and (d) an enzyne that
cl eaves %ORI/ /N RNA/ DNA hybrid; wherein the incubation is under
condi tions that -pernit primer hybridization, prinmer extE@HEPIRAYORRTGAR
cl eavage from an RNA/ DNA het er odupl ex, and di spl acenent of conposite

primer f&a f st a en.its, RNA is cleaved and anot her
conposi te ﬁsﬁd@ﬁ%@@%ﬁgﬁ?@%g%é ﬁ%@e%rmyxwm ptoductp(h)es of a

ol ynucleompodite primkr thatia thiybHd ted. In so mbodj nent s
\R/ne?/ei n the tﬁggl. ate pol ygglgl%@?ﬁﬁes%@%%ﬂﬁwﬁnprﬁ?}l?rr[gwﬁ%rﬂ“é &i on

Er gd ugt zj;é:pé)é ECANPIESRs éﬁBan poﬁiga andadoDINA pdiﬂtiﬁili‘,d(cj b D?sFA—Gél%]éﬁﬁEnt

ybri di t 1 th a RNA- endent DNA pol ynerase. I'n sone
embodi rred;litlépbgﬁgilfg%t §9%%F%F§§V%r¥§&é&onaﬁwmmmm d prinmer
ext ensi ergin dhbuintutmtion gemetcatesifidhst enc fraxi.liar rimers.
[0013] In arloit_j’g@gY a plei:lt, tﬁe ?ﬁi\}gﬁsi%ﬁp%ir&g\ﬁ/% egrﬁ%%@go?tﬂr};’é%pl i fication
of a pWHW% beﬁvéﬁepﬁﬁmeancw DNdgtertoiplegasoisplatdihdl oPfompasite

ol ynuchyg; . osite_ prinmer; erein e
Composi Cosr, ﬁ%&%&&%@%ﬁd@\%ﬁb@&%ﬁmw%d nfhepcarpasits prndr

wher ei n apd mexended prharely il & idizing to.a.multiplicity
of terrpl&je ol( nycl eoti de s%tesf@ﬁ%?‘%gaiﬂ%%ggéé%ewc P@‘E“t"ﬂﬁﬁd in the
presencé Ogengr AENAD depe fRbRLinIS Whirpinshaemplae pRiudenIB 4ERN ADNA first

pol yner afifhe: : aves RNA from an RNA/ DNA, whereby

nul ti pl g Cpr.iéie{gns(?ﬁh %gﬁ%dig‘g&gﬁt%eg%ﬁéﬁ?sﬁ%%{% 1gndonyly parimend firstpriaerer at ed vi a
primer bxbrecgaaddntqgamﬂmmammaa@me&mmr@ £itoqgigent s, random

L . er .
prim ng n,t presence of a DNA pol yrrerase. [n 50 enbodi nent s,
auxil i a?lgﬁgarﬁnﬁﬁﬁssthg?ﬁStipﬁW"tﬁﬁéﬁnﬁlﬁn@f%bctwﬂ/mmhﬂ secomst grimédxtenksidpnS ONe

enmbodi nprodactgesierdtéd/intthO sfsd ' .1 he pol ynucl eotide tenplate is DNA),
t he RNAfogggﬁendent DNA po|§n§rﬂ§§\§@?§’98@tpgﬁﬁer¥r om the incubation. [0014] In

anot her ct, thneanotheeaspeot theriavértion pidVifdsethos B RhbEAGRLL P, 0f RNA
t enpl alﬁ‘ol%ﬂ é?)'tiﬁéfe%(#ldtes whi.ch o ratepg?.fpl I%ws:S a nu#’%#%??%???/ of
t_err}[)I at e'th Eo ynuqte_e ?gé’f’g’fﬂﬁ’é‘ﬁc r%@%ﬁwnﬂfg (If@obmub]:eoﬁdm?hipg?t@stf?act i on
mi xt ur ewith heomeasitel pmerivkbrefrBthe @ ; (a) a.co of a first priner
ext ensian product and a second pr.%?aéeg%r%e%g% i g‘gﬁém&%e first
primer f3hnation apd ydgrsin fhe cqmpesite Pinéyis exabRSifMybAizg th 'arlﬁﬁlfiefiéi&er
hybr i dlﬁ&lﬁ&eW@festi%e%I ra %\M th an RNA-dependent "DNA pol ynerase,
wher ei EDIEIhe first priner s n i pPdesubating tepplate srandiis ithegpresensAf por t i on
and a Bidependent DDA pallpiesiss, dneNild { 5. capabl e .of h brtf'ldi zing
to a myti Jkﬁl&ﬁfon?fan ItX/SDI\?R GhWbZOO%%%%%]?@rﬁmg%ﬁ@?f‘eﬁﬁé‘

» Whereby multiple copies of polynucleotide amplification

product are generated via primer extension and strand displacement. In some

embodiments, random priming occurs in the presence of a DNA polymerase. In some
embodiments, auxiliary primers are included in step (a) and/or step (b). In some
embodiments (generally those in which the polynucleotide template is DNA), the RNA-

dependent DNA polymerase is omitted from the incubation.

[0014] In another aspect, the invention provides methods for amplification of RNA

template polynucleotides which operate as follows: a multiplicity of template

polynucleotide sequences are amplified by incubating a reaction mixture, the reaction

mixture comprising: (a) a complex of a first primer extension product and a second primer
extension product, wherein the first primer extension product is generated by extension of a
first primer hybridized to template RNA strand with an RNA-dependent DNA polymerase,
wherein the first primer is a composite primer comprising an RNA portion and a 3' DNA
portion, wherein the first primer is capable of hybridizing to a multiplicity of sites on

6




tenpl ate RNA; wherein the second primer extension product is generated by
extension of a second prinmer hybridized to the first prinmer extension
product; and wherein RNA fromthe conplex of first and second priner

ext ensi oﬁ"@ﬁ%@ef‘ﬂli?s cl eaved (using e.g., an enzyne thapcraissmyer7RNA from
- an RNA/DNA hybrid or conditions permtting cleavage, such as heat and/or
al kaline conditions); (b) a conposite priner that is hybridizable to the
second pFRkdie ENA:Wbetom te schont] ,prmfa:e eRfensibh prodsmo sddefutdd B}{@Jtenﬁfbm'f hSes an

RNA ort| a DNA- dependent DNA“pol ynerase; and
(d) gn engé})rrg rb?ihr?e rh ré%%%s%%lﬂ‘ eéFFtﬁPwmngﬂm(HWhvmmrplﬁﬂA fromethe
i ncubat i @ompkexwidiest 260 86biohl PHsack Bk Nﬁ%ﬁl}?ﬁ?ct% g@&fegg %J%%'gzgé '51%9%5 | Ter

ext ensi on, RNA cl eavage froman R ero nt of

conposi té’lﬁﬂ SN AL WB@N&Mhybm 015¢<1mi1t(cm)s pwimmnlgto&a%gé sivh agheaved and

anot her gygpakmé]l %Sh&r%ﬂ t}| g.gi to the secon rimer extension product and
ext en ere Pk SPE2 CpPQsye B%M@&Ybﬁﬂﬂz@i@e &mtbe isgoondt i on

product qmm g extensid dud | e

gener at elg r? t he prrgggn%etnvﬁ&g%m g?%%&@t@&)ﬁm&@&m?ﬂ%mghpﬁé&f‘é t he

sec?ﬂd pPi AW&I e DNégflwpnnc(ea)IgNApdﬂymﬁ?de]I}m\ (@ @[Frp,%@hﬁttm{&%@s I'n

anot her Vi ods for _anplification o

tenpl ate po ynuc%neot Wﬁ&}l ?’5’}1 g?f&ﬁ‘rﬁ‘? B?ﬁ‘%’ds&n‘i@ém@h@lsﬁbﬂm eoti de

with a f prisitr hybrididtion Wikh&@ieR mer that

i's hybri g‘?fé 1bI eto amrlrul tipli f:el'%?i)?g mﬁs(g?g’?gt e po ynuc e @8%8 #Pig

wher ei n sRingsEent of gampasite ptimer frgmsthacﬁhplepof step (r) whied ita RNA NA por ti on;
b t th | RNA
{2 hm t heopaved ahd Snthé onlok B brislet ol £ o Brimme i otaneorouuct B
het er odugitended(wierelysbmisHipts cﬂ@l@rbf?ﬂynhélbsﬁdé é?ﬁblﬁfchﬁ@ﬂ ploBudt3f Oéeﬁ??&{e%t e
& primer

pol ynucl got i de rein said a cation priner 1s a conp
conpri si ﬁl ofpe ﬁ?@&oﬁgﬁl?% ﬁhfmanléex of stema) frogenerated in e mgseammgmlim'y

hybri d ISR di spl th d
(%rbéi@fhﬁaszro%@?éﬁ%%%% ¢ 6Bl BB FrBPi FRE R R lo A baves

RNA f r onfcap DNA het er odupl ex, such that another anplification primer can

hybri di 2@ d be ten ed égere rrul tiple copies of a polynucleotide
anplific M pro 38? S 85D Egtion proyveies mﬂmdéﬁbr@npilﬁgmﬁahe

i nvent i dmnpramlpcﬂlﬁﬁlcl@iltl@g QhnddiH Eh‘gﬁé ;} nucl eotide
by incubating a reactijon ?ﬁé)?t ure |gk udi g&r&tpq t"'gc”B’B}‘%‘tﬂaﬁt ey é’yt enpl at e
st rand; Riyeravhsreigsais fingeprimenie eeompegitetprithershatps b c?"ﬂﬁ abledto G QRAPlidiG Pri mer
conpri sigpge ortion, wherein the first priner
i's capable ngg ﬂé‘@ B%hélegﬁ%egm{ég’ @W%ep? qupasife B\‘lmﬁ”é?ﬁﬂlmsés pBNApertient i de
sites; (anjiad’ DNQA. gepiendey)exishding the first primer with a DNA polymerase; (c) cleaving

RNA from the first primer with an agent that cleaves RNA. from a RNA/DNA

heteroduplex; (d) hybridizing an amplification primer to the template polynucleotide,
wherein said amplification primer is a composite primer comprising a RNA portion and a
3° DNA portion; (e) extending the hybridized amplification primer by strand displacement
DNA synthesis; and (f) cleaving RNA from the amplification primer with an agent that
cleaves RNA from a RNA/DNA heteroduplex, such that another amplification primer can
hybridize and be extended, whereby multiple copies of a polynucleotide amplification
product are generated.
[0016] In another aspect, the invention provides methods for amplification of a
template polynucleotide by incubating a reaction mixture including: (a) a polynucleotide
template strand; (b) a first primer, wherein said first primer is a composite primer
comprising a RNA portion and a 3' DNA portion, and wherein the first primer is capable of
hybridizing to a multiplicity of template polynucleotide sites; (c) a DNA-dependent DNA
7




WO 2004/ 092418 PCT/ US2004/ 012779 polynerase; (d) a RNA-dependent DNA

pol ynerase; and (e) an agent that cleaves RNA from a RNA/ DNA het er odupl ex,
whereby mnultiple copies of polynucleotide anplification product are
generated b ri mer extension and strand displacement. In some enbodi ment s
(generalW?Z&H(%g%‘l%nbodl nments in which the pol ynucl eot | ®ETEAHHAIET s DNA) ,

t he RNA- dependent DNA polynerase is onmtted fromthe reaction m xture.
[0017] As is clear to.one skilled in the art, reference to production of
colpi es ipblymerq:sej @mam:db ﬂmd(elﬁt DNA p¥lpmerasdaind I(eli) aﬁalgaﬁﬂaagbleamilla%of af

pol ynucl.eot i conpl epent ary a polynucleotide tenplate refers
to prodors gﬁ‘é\/ﬁ% SW@HPIﬁX’ wherpby @élhpif‘rcqpaﬁq@ selypycleqiide ammlifispiions. As i s
evi dent r | i and
ncubat Praufhge Boicraby Brep efihsipf SRARRI WiBholfed 1 GmeaHti kiR
conpr i séganatlilydhosa gmbbdinvemts inuwshich Reuobmutleotideatemplase 1@®N)A)) 3lid RNA-and/ or
subconbi natlonﬁ:}lﬂé hat the des?éﬁd %oducts are fornmed. [0018] Vari ous
embodi néfpendgt P a1 opntterptremythe reaetionnixHe.net hods of t he

i nventi e desaqr § ) t he RNA
por 1 ontal L Compaar o N8 oak RilRin BEAMplcRerolch & HRWAIICSH SBBBES (o, I n
still ophb'nu@iadiiliéi(efgnﬂli\IAtohRN@ teﬁ]dlht@ardopms of & palghaclestidetsequdnee 3' DNA
portion. |n other embo ortion of the conposite primer

consi st §° ’BPIWGP@I%W&RO ﬁTﬁ?@ﬂE&mﬂé@ rsﬁa* tp PEOdBR{A thith Ay SONEHD, CARPIO oS t e
primer epBsist afﬁfch@l&ﬁiehce‘é Qi@ wanm%g oRY Sl indhSart, 4 Q%écfté thht kR

embodi nents, the RNA portion of the composite prinmgr tonsists 0?6 about 10
to abo upomblmngﬂndommlbe’sngﬂﬁ restﬂtanﬂjhh@ctme rlsb @ncamfipatses nmﬂmﬂmnlbc&imemtsrer
consi sts,of, about cgg about 20 nuc ' sqne enb ments the

t .
conposi PRI SORRFsE L ?ﬂ"?l?%’?ﬁﬁg?% 11‘613(@&1?1‘%"@ f’% ?rrrer s:

> - CACCEHBJoBiaGbIy i Gblatslidd SrodwbieatePotiddl) ; and 5' -
CGUAUUCUGACGACGUACUCI TACAdGICACdT- 37 (SEQ 1D NO. 2), wherein italics

denot e [0M8huc| eotViatiews qnbpdlmenta off theeomposite prither(a) ubsbinithemettod9odihe | n some

Fandorr Tugttion 18 EQTRET he Bt ol Bk PPl SR crBRP B B H0OR gl Y
enbodi memmpositeiigien is ﬁazviﬂmsbéﬂt ® melsymm 9@1&1bﬂem SilRdr exsddielents ke use of
primers_, conprising randomor partiall é random sequence. | n enbodi ments

utilizi AgRAACPFHSR IStadiacent tadhe 3y IPNA, I@roﬂ}ffaﬁmbaqlmnts@xﬂ@di’:hlé@qamce t he

conmposi r, t

conprls%ﬁgigaﬁ é%{st ,& %ggwgé bgqht?gggﬁg(ﬁldgg?ﬂ eas pORlcfnn&yeast 10, at

| east 16ompdsitepaiater Em;sms of abaat 5 &aboat 20 aacdéotides. Matstillodisr ehibodiiienss, | east
In, ot her enbodi ments, the conposite priner

100 differ
cont aj n&e (}ﬁgﬁx rtf.pglrcgn %gp@} g Primeg consists of about 10 to about 20 nucleotides and
the DNA portion of the composite primer consists of about 7 to about 20 nucleotides. In

some embodiments the composite primer is selected from the following composite primers:
5'-GACGGAUGCGGUCUACICdAdGdTdGdT-3 (SEQ ID NO:1); and 5'-
CGUAUUCUGACGACGUACUCATdCdAdGdCdCdT-3' (SEQ ID NO:2), wherein italics
denote ribonucleotides and "d" denotes deoxyribonucleotides.

[0019] In some embodiments, the composite primer comprises random sequence or
partially randomized sequence, although certain embodiments (such as certain
embodiments wherein the template polynucleotide is RNA) exclude the use of ptimers
comprising random or partially random sequence. In embodiments utilizing a composite
primer with random or partially random sequence, the composite primer may be a
population or pool of different primers comprising at least 2, at least 3, at least 4, at least 5,
at least 10, at least 15, at least 20, at least 30, at least 40, at least 50, or at least 100 different

sequences. In other embodiments, the composite primer contains one or more “degenerate”

whi ch -




WO 2004/ 092418 PCT/ US2004/ 012779 nucl eotides that is able to hybridize to
mul tiple different nucleotide bases (e.g., inosine, whichis able to
hybrldlze to all four canonical bases). [0020] In some enbodi nents, the
conposi t VQPIAEP24that hybridi zes to target pol ynucl eot PdRUSBUG22® NRNA OF
genom ¢ DNA) and the conposite prinmer used during single priner I sot her mal
anplification (i.e., phase (b) of the nethods) are the sane. . sone

enbodi mentdleotideethanivpbly tb%[s;%ﬁAwEEo sniRipld iBdefl} £ 8tediie b | Rgbéiﬁ%m' eoti de

conposite priner u uring single

(such as eno
primer y@@ﬁéﬂ?ﬁ?tog@%%f@@illfowcan@nmlfbfambnt I n sone enbodi nents, two

(or norejy fere rs that hybri 10 target

pol ynucl otllzje ar gﬁlusggggjqﬁb(f(ﬁ@ 'ﬂﬁttﬁe‘c‘@l}?ﬁ%‘? b@héf 1ze8 fi8E8et  The

met hods polgnuxptitle Gk as mMNR ok b¥idisic DNAS A48 Bid a/sﬂeshﬁg} hs@ﬁ’dunh cl udi ng,
for exan’gl erDNA (such as genom c DNA, including man- an mral i an

genomi ¢ Rethermalamplificatiom (i.eRibhaser (N the, medmds)rm;e fRidamadIn ri bosomal

Cof ten 1 P18 clafineieE e PRteSite SPR: PR dichs of Bhedopbcliaddiiuchios e
f or med) , mRINA omgenbmic BN&)&[M thd é\ﬁnﬁd&i’c@ﬁhin‘éf‘udeﬁ‘ihﬁﬁ@%mgﬁr ifo Bat i ons

of the ste s described herein. It 1s also evident escri
her ei n, ficafien g atereaty lasemaembodisnants, hﬁdé)rlnmm}'dlfﬂarenh@mpomtet i aI or

first, s crlbed he r .ex the met hods
of the ﬁ?gﬁﬁa?ﬁ% Rlizd %R ERG P Bl 18P & B pisfhogS oF B btepbon

hybri di z n of chivpmnsthbés @eiapplicableVe ant conpass
enbodi ment f@/m ch | gegu%gggmc:t reea%b@g?éﬁ;;% a}?ﬁ@eﬁ%&?x&ﬁcﬁ%&ﬁé‘st ep. [0022]

The enzyHE d%ﬁ1 hexaRpl uchasigeomia DY 4s mehdinshmpesn andotisr ar e

RNA ey Do o e e R R A o R R PRI o er se

t r anscr i fhasemal RNA) QMOdnmwsiqnﬁm@M‘e @mummﬁmamysfoﬁ@élwel ﬁ@mamy RNase H
enzyrre t se arate nes use imlar y,
pol yrer a iét%%gly%g Sﬁ%eﬁ '%%ﬁ?é’ﬁ@?f(b) & gblofebeipade Ard, @Nﬁ

poI yImer astdeat) heia ﬁﬁioh\ihélh&’e% b
DNA- dependent 5\9‘;50 rreraseva{;l U, éﬁé ﬁggﬁ%h%@mﬁcgﬁ%drﬁgg gr‘:% t he
‘8

enzyne tHsa eved cribed herein, tb@ thmmvs&tm mnm;npassesonethedsan athéchethe y mes

{: { t b d 23] |
eboai munab SR, Sl R RGP bl HFEHDSR hevta ot sl iy mohaburLshe
ot hods f0r gener ating | aber st AR o aauny ookt of e R

met hods ,f,.0 e% rating | abel ed
used is Me tﬁ'lgﬂfé] glep #IKgmIon gpcgmpass embodiments in which later, “downstream” steps are
an initial step.

[0022] The enzymes which may be used in the methods and compositions are
described herein. For example, the agent (such as an enzyme) that cleaves RNA may be an
RNase H, and the RNA-dependent DNA polymerase may be reverse trénscriptase. The
RNA-dependent DNA polymerase may comprise an RNase H enzyme activity, or separate
enzymes may be used. Similarly, a DNA polymerase may comprise both RNA-dependent
and DNA-~dependent DNA polymerase enzyme activities, or separate enzymes may be
used. A DNA-dependent DNA polymerase, an RNA-~dependent DNA polymerase, and the
enzyme that cleaves RNA can also be the same enzyme, or separate enzymes comprising
each of these activities may be used.

[0023] In some embodiments, methods of the invention are used to generate labeled
polynucleotide products (generally DNA products). In some embodiments of methods for
generating labeled DNA products, at least one type of dNTP used is a labeled dNTP. In




WD 2004/ 092418 PCT/ US2004/ 012779 ot her enbodi nrents of nethods for
generating | abel ed DNA products, a | abel ed conposite priner is used.
[0024] The invention al so provides nethods which enploy (usually, analyze),
the products of the anplification nmethods of the invention, such as

det ecti oY DA EEHEnce alteration(s) (e.g., genotyping, PRIEPEIHOZET

mut ati on detection, analysis of splice variants, and the like);

determ ni ng presence or absence of a sequence of interest; quantifying a
sequenc eotbér emtodinegits ofyasthodx for @esdratingdabdled DG prodbdts,adthbelal doplposité zat i on;
preparation af ubtractive hybridization probe; differential

anpl i fi c@i‘rpﬁﬁ?‘uiﬁ”aepar ation of libraries (including genomc, cDNA and

di f f er engo expr I3 i Drarl - ' ' ks nucl ei c
aci d (V\hlim(‘:)%nc an bgﬁg’l lﬁg%l%deopca?%lclﬁ g%ﬁdﬁ%%'@g@?{i%hﬁg r?mgl ' u?%%q?}r)%?yZég@gpari ng

| abel ed prodimtssofitbe amphifigegion methads afithe nvemtiondsurh akidglectitensfisequeace ays) f or
the detection d quantif.ication of, sequences of interest, .incluyding, for
exanpl e,ﬁééﬁwaﬁig&g-u%@é’ ihe pglie &@E@PH’@ Sleefinmn pRALYSL QLaplies varegts,

genot ypi ag; . C g % \

I denti f iéggtt%l%ﬁmg?d@ﬁ%r\%ﬁn ';gﬁcfn(% cﬁ%ﬂrégétgé F%e%%ﬁ]fgtgﬂefee?{g qaéalg{fggg Ssi ng the
anpl i fi cwetience nfizkerest; gone expression pofifiagesubtrediviehybhidizatiny prépanation he

i nvention 02 Any of th hods .of t.he [nvention cap.be . used to
gener at eS“BH%?(}QWﬁ?‘bB%@%%FbOH Pgﬁﬁ&?e’t‘%m}lg%tlﬂ“é BISPUHER OChAPATY eri zati on of
a pol ynughd@lingiendafis @MAA Qhd Mttt mnl eygiriei:s%ionslﬁﬂm&); g(%ba%i%n%md' ment, the

i nvention provides nethods for charact zing (for npl e, detecting
( pr esencismpbikiged avieleic asiti(wirichyoambe 4 miclejy acid monphilized oh adeicwatagnce of

i nt er est ri.Si no: |ifying a t t.. pql.y;nycl eot i de ny of the
ot hods. TIECEPERS T prps B Byl ity i e et &8 ¢ bt .

Step ( b)dewdctian ahd quangifitdieoreonizkildneey dfafteRisO thiding For HQAnPRS, kQueRst by any

met hod known in the art or described herein, for exanplé by detecting

and/ or ceigresinalippletaeing sequeneeyaristion aad genotenings compialve genosie t o a pr obe.
These a l. : ARV OF |.abe y . Of he net hods
of the | rpadlARd, QBB ARGy B BRGTRYE M) BR AR Sllracf i melelly

pr oduct sacidsassingithe drapléfieaioh ytlekaicbsraductggdnehed sl thy ehetindds @€ theand/ or
| abel ed conposite priners into appropriate step(s) of the nethods. These
| abel ed PYIHG8Bts are particularly suitable for quantification and/or

i dentifi [8@5]0 n by AWSHQHS nfeRRNE of &gtiﬂgfénﬁﬁﬁ C cib 1?%2:&'&3 L8 phRGuSRiR

arrays such as cDNA"m croarrays an I gonucl e arrays.: rn one aspect,
the i nyeodictathairay sulableaforshdracteridation af apolynudeotileaeqeinys ofintendstt itea

sequence_ of . i nterest .conprisin a) anplifyin target .pol ynucl eoti de by
a net hof%éec%ﬁgﬁewg?wggéf‘eg’gﬁg‘? ToYIgP OM%ﬁ@ég%‘ﬂ %@W oducts; and
(b) anal gkainpte, Bét8ctind{Ble8éhda R ¥PIAEH AL B qRARINIAE P pdlPnucleotide sequence of

interest comprising: (a) amplifying a target polynucleotide by any of the methods described

herein; and (b) analyzing the amplification products. Step (b) of analyzing the
amplification products can be performed by any method known in the art or described
herein, for example by detecting and/or quantifying amplification products that are
hybridized to a probe. These amplification products may or may not be labeled. Any of
the methods of the invention can be used to generate polynucleotide (such as DNA)
products that are labeled by incorporating labeled nucleotides and/or labeled composite
primers into appropriate step(s) of the methods. These labeled products are particularly
suitable for quantification and/or identification by methods known in the art, which include
the use of arrays such as cDNA microarrays and oligonucleotide arrays. In one aspect, the
invention provides a method of characterizing a polynucleotide sequence of interest,
comprising (a) amplifying a target polynucleotide by a method described herein to generate
labeled polynucleotide products; and (b) analyzing the labeled polynucleotide products. In
10




10 WD 2004/ 092418 PCT/ US2004/ 012779 some enbodi nents, the step of

anal yzi ng pol ynucl eoti de products conprises determ ning anount of said
products, whereby the anobunt of the pol ynucl eoti de sequence of interest
present WP WOEERAI8 i s quantified. 10026] The anplifi cadwosoedaderds can
al so serve as tenplate for further analysis such as sequence anal ysis,
pol ynor phi sm detection (including nultiplex SNP detection) wusing, e.g.,

ol i gonucHRt erykodimgatsi the step o dnagzingy polyandéaide prodabil GohPNRE Abteriinfavase or
limted %b‘]ﬁﬁrofggﬁé ”34,_10{‘1 ﬁnd other net hods known in the art. For t hods
that generally §fﬂ Gtsy Wheeby theiampuat of the pelynuclentide seguencerof imteteliods  of
t he i nvepickent im@yaniide Wf@nkifed Pre” anplify a pool of polynucleotides to

generate _sufficient input material for subsequent analysis. [0027] In

anot her E986ldi nent The araplifidation pteelntis den plso 86108 5s t@ﬁ?la@foﬁﬂﬁﬁ%%&%lﬁys t f or .
n some enbodinents, the

| e, ' th i th at | t be.
2t 1 oast “ERE SR andllls oatmirobisn et Glopd mehingmmalinies SbErdetapiionn

i seushig, ke i SHRREY | .SO) i i -solid substrat
FobrT cat o 1 oo REORISNR Seat PR pals MRS R IR TR o paper

g 7o, P Bl oo drinonpolh o oL T Bt gl
pol yacry, cel Lul ose, siJicon, other metals, and optical “fiber.
probe c anq@é ﬁ?ﬁg{%}i{%eﬁ 8%"18?’[??1?1@“?1]0 thegnefhodsafithesigrention mpytheatsed tori'pee"

t wo- di memsplifpalpoelostigolytudlcb@ifesdb onerktd sl | ' . conf ik gur ation

conpri si n?ﬂ pins, ro sojw%i bers. t Epes. t rggéggﬁlgﬁﬂelg%g%laﬁg% utlb?ecgluglét,

mcroti t®AYME | s, capillaries, and cylinders. 10028] In another aspect, the

' ti id f..det I Nj ' file i

e 10 e O e Rl e Bt an B emalvied by pl 6

usi ng arexample} tvmtavting dlotsn dehcr lehﬁd)néﬁcﬁien;mg(gy?e él%odi‘ﬁ%ﬁ‘t&, -Q%ﬂgas?gnglrmunt of
& sanpl e,

anplificatian Fﬂ&o&igcts of each RNA sequence of Interest 1n
wher eby RS 1§ BFRyided as aguicragrray, he microsrrayhensamptise atdeadbdrerprobeed. The

i nvent i eimdoBilizB8 bnR's8Mi GESnTEL nﬁg termning a _gene expression
profile by deter mnnisfng a§§eamu§?g§?8%jgte ??ﬁaéegfﬁ%ﬂg&%%gglect% §%&h‘3 RNA
sequenc &P donsistingso papem ghssybramidsi plastid)pb he S (g copi es of
RNA t eng)hsrtdg faﬁld' fi.ed B any.of the ne?dhrgdgpg%glgr i’?g}}gher eef nﬁbl\%ner eby the
gene expradd By rogeliuiose, sHlicorgibgrangtalspad eptival Siber. 10padE cAulbie t i onal |y,
the invéninobllizad 68 th R4l 4f Seriedolia G0 yucl eot i de
tenpl ates. Because the anplificat Sgggu%é%ﬁggg)oodfmg?ﬁé&akvf@ﬁfﬁu@g‘%%@i de
pol ynu emraz g . g Lo o ot A 00 By e . B e o b
pol ynuc . | oduct .pr ced by the instant’” met hods nmay be
used as b glﬁ Igr ’?H‘Fw Hs‘%%lﬁc‘éa ePAnd sy indens

[0028] In another aspect, the invention provides methods of determining a gene

expression profile in a sample, the methods comprising (a) amplifying RNA template in a

sample using any of the methods described herein; and (b) determining an amount of

amplification products of each RNA sequence of interest in the sample, whereby the gene

expression profile of the sample is determined. The invention further provides methods of

determining a gene expression profile by determining an amount of amplification products

of each RNA sequence of interest in a sample, the sample comprising multiple copies of
RNA template amplified by any of the methods described herein, whereby the gene
expression profile of the sample is determined.

[0029] Additionally, the invention also provides methods for archiving
polynucleotide templates. Because the amplification methods of the invention provide
representative amplification of the sequences of the template polynucleotide, amplified
product produced by the instant methods may be used as an archival source for the original
template polynucleotide. Accordingly, the invention provides methods for archiving a
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tenpl ate pol ynucl eotide. Accordingly, the invention provides nethods for
archiving a 11 WO 2004/ 092418 PCT/ US2004/ 012779 pol ynucl eoti de tenpl ate by
storing the anplification products produced by the nmethods of the ,
i nventi rchived anplification products may be anal yzed as descri be
her ei n, #)Jﬁﬁvﬁﬁé subjected to further anplification iFCHERIPUHATE with
the nmethods of the invention. [0030] In another aspect, the invention
provi des products (e.g., nultiple copies of a tenplate pol ynucleotide)

pr oduce cpogmush@’ﬂmmg@ by stoting the amplificatior] podudts fivducaiberthe oethaids of

id i ti ki t . , ti ' t
Conpr i oG TS ue e ARt R B aS B e ARl P rere bt Binpbnent s)
used i n rhiiebeip)deled eafirdiRr BRPHAEKIONSS GEdoRRRAO B R mEABALLS the iARALAET
aspect, the invention provides conmpositions conprising any of the

conpl exd8030hi ch d4nanqjBeraaspedtythe invehiden provides protiuctataig. amultipht ¢dpigsefpect t o
the fi | i fi I d d L bed.h in. [0033] | th
hopect | e E bR A B b RR R SR Bl s (1 ncl udi ng

inter rregjoeslqs) and'he FRAGDLA hBB%r&ﬁ’dHérc'bﬁ];p SitibiC kg, Qe bplexed, rietibgli Ng
i ntermedi ates) produced by any aspect of the nmethods of the invention.
[0034] mixEes andisygepe eemprisiag vanN@stcompopenty(adé yaresoontinations ofthe ( or

conposi t] | S ti.on mxtyures). . which.contain various
co%i nat16 sn%r\ffﬁ?g%@%%@gﬁﬁga%@pi%eﬁoﬁéﬁgqud B6%5] In another aspect, the
i nvent i qa03210vi dedn kidtherfa@pect ORE itR/entich ]]sxbeide@édaﬂjs&iﬁdi@ 6mbRSHg )B@f &f n. These

kits, in suitable packaging and generally (but not necessaril cont ai ni ng
sui t abl dh¢ spseplexasi(whish apegansrallyseasideredas intasmariotes with nespest forthe final

anplifi Ca?%:j 65?&,. Q038 . anot her aspect, the invention provides
syst ens rlmg?tfe t?ﬁ%%t)ﬁ% arr%P%’glméation met hods descri bed herein. BRI EF

DESCRI PT0@38] OF THIn BivAWIrNEHedt, GBS ivehti@iincludes dnlywnk bahise produasbodi ment of a
CONposi Lmer useful in_ the nethods of the present invention. As

i1 1ustr 2’%@51%?% IpigEn lbtﬁﬁ*)é‘}l_dtcﬁ@Peﬁﬁ%%‘?O?@fﬁmgr%? progduets (nsliding DNA portion at
Bl S0 poc R B et o el o VRIS S DA portion i s
fol | owed0034} t he dnamthérampast, the mvBhtjonprovidesddctiparhixtures @hicolpositiérsl | owed
by a porctorin%plsing@eia%{}oﬁ I%i)RLI}II%S) vlvﬁich contain various combinations of components

described herein.

[0035] In another aspect, the invention provides kits for conducting the methods

described herein. These kits, in suitable packaging and generally (but not necessarily)

containing suitable instructions, contain one or more components used in the amplification

methods.

[0036] In another aspect, the invention provides systems for effecting the

amplification methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figure 1 illustrates one embodiment of a composite primer useful in the
methods of the present invention. As illustrated in the Figure, the composite primer
comprises a DNA portion at its 3' end and an RNA portion at its 5' end. As discussed
herein, it is also possible to employ a composite primer in which the 3' DNA portion is
followed, in the direction of its 5', by an RNA portion, which is followed by a portion
which is DNA.
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WO 2004/ 092418 PCT/ US2004/ 012779 [0038] Figure 2 illustrates a conposite
primer that hybridizes to multiple sites on a tenplate polynucleotide
where differing portions of the conposite prinmer are hybridized to

t enpl at e“ﬁb?%ﬁ&’éi‘@ot i de depending on the site at which PaT/US0bWt2i7di zed.
[0039] Figure 3 illustrates priner extension fromconposite primners that
are hybridized at nultiple sites on a tenplate strand, where a conposite

pri mer §e03s)si on 60 Gl taes *a%ﬂ%oﬁ!iit t! bﬁ&i&é@ftﬁ é&%ﬁe@g?i’t&%nfar om a

conposite priner hybridized at a downstreamsite on ate strand.
[ 0040] Megplate polumelretide where différing poktionsrof disi coeppsiteprimencre hghritizedtoduct s

cor esp i BE TR Befi Kaendine pR e vl ST RibRbised o cequences. [0041]
Fi gure J063spws gefF@gtﬁéB@lﬂhs%té?ﬁﬁﬁg_eﬂ"ehﬁ&{ﬁ&ﬁ%@ﬁx’ébﬁfbﬂhﬁ&k‘%t&@at s

randomi g{il,rred by the conposite priner. [0042] Figure 6 shows single
primer i digedhetimultipleisttesen 4 tamplate syanda srhesradompositopimersdxtapsimn RNA/ DNA

parti al 1 . atemplate for further conposite-pyiner. dependent
el i 11 S B E isRe 8 £ PR B! ecrBlon it B SpmET B trinE MM At Bonpos: £ o
pri mer s denastesani diicdinVthe PiplRE Stehdipt are hybridized at nmultiple sites on a
tenpl ate strand. [0044] Figure 8 illustrates generation of a second prinmer

ext ensi 69048 oduct Figurer showssa eellactipmeicqmposite Bﬁm?mg@hsmproducwo mposi ][ e
i nsi . 4 i.gure 9
B how ng “SmBSh? Bobddbhimer 1k (8 hEndlo) 18 S 208 RaRg o y

prined oodipikdityefErzetgolynaclesidd deduéncadll tiplicity of tenplate
. pol ynucl %tlgfe seguences, from human genoni ¢ DNA. MODES FOR CARRYI NG OQUT THE
er

| NVENTI vi EVEUES ° sy gaperatio of secand prmeprriensingarodwothe} isThe

I nventi | onpositions and kits for gl obal

anplifi g%dﬁﬁfﬁﬁg&%%?gg@%%@vﬁgefm anplification using a conposite
prinmer {MH2]is cHjpald @slofwsiimgle pﬂn:teﬁismhleﬁhenla\i,i\nﬁﬁjﬁt:ﬁ&)ﬂ/\isﬁﬂgi the t@fipleRat e

pol ynucl eot i.de é} ﬁNA 0 %egﬁgi c DNA), ereby a large nultiplicity

of tenplFYrBYEE M@ gartia REWRIeY pop templadednr durthes camppsitersringr] genoni c
DNA) |sd@§@aéﬁtlagq,ﬁﬁzaﬁm[mt hods are suitable for use with either DNA or RNA

tenplate. They génerate. {)ol ynucl eoti de (generally, DNA) products, which
are reall49] sui t abigare Dilluatrates primyr oftenssesrim comgosig primpaamt duxdiagenone 13

WO 2004{3881%1%%§atgggﬂ%§1%92%ﬁ/a &%I‘c?p%e sites on a template strand.

10044} Figure 8 illustrates generation of a second primer extension product primed

by auxiliary primers hybridized to composite primer extension product.
[0045] ‘Figure 9 shows a photograph of a gel showing amplified reaction product
generated using a single randomly primed composite primer to amplify a multiplicity of

template polynucleotide sequences from human genomic DNA.

MODES FOR CARRYING OUT THE INVENTION

Overview of the Invention and Its Advantages
[0046] The invention discloses novel methods, compositions and kits for global
amplification. The methods provide for amplification using a composite primer that is
capable of binding to multiple sites within template polynucleotide (e.g., mRNA or
genomic DNA), whereby a large multiplicity of template polynucleotide sequences (for
example, essentially all genomic DNA) is amplified. The methods are suitable for use with
either DNA or RNA template. They generate polynucleotide (generally, DNA) products,
which are readily suitable for a variety of uses including comparative genome
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hybri di zati on, expression profiling, and multiple genotype determ nations,
e.g., by nmultiplex analysis by mcroarray technol ogi es. The nethods are
anenable to autonmation and do not require thermal cycling. Thus, one of

t he mgj es of the nmethods of the invention is the ability to
arrplifyog’r?az%@%gﬂpool of sequences (or a subset thereo??Tm%@Bﬂwaﬂ?g on the
desired extent of anplification), which is essential for application such

as conparatjve genone hybridization, generation of cDNA |ibraries,
gener at | Bprdration crpiSssiQR profijing; and multiple genotyns, detenatinationsy elgaded assays,

I ncl udi [ : . ek m | . 0Q47] The lification

ot hods APp ok ARG B SXREGET LERIARLL Pl meitds b ARG R pebien | on,
primer eandelosiobreqaire thbirmal RERRN Thes, o8OHPAS mdoridvaRheof BtSh@RodsRFroduct by
strand dj spl acenent, whereby a_conpl ex conprising a R%\IA DNA het er odupl ex

i s gener‘g? &y,entfcm 15 Rierbibity te mplify meniite Reol of spaiedesst(or & mibiserthereof,

anplifi ' | I str.ate for .further. |ification,
an aspect Py RSl B8 dOfed GAMR (HABRAGBHENIEHG <sRErr it BB isech B cnt 1 on

f rom ot hempatatise gesbnsphypisttignionapakiativs of LONATESHALS gesdiftidn cXsubiliivé 0048]
In one as ggﬁtz .the EEt hods of the invention involve two phases: (a)

conposi t akiqn prabefo AnthamRY based essays, insludingmatiplp s¢npiipeldetsrmibetions: i ner
ext ensi d di %ﬁﬁﬁﬂ . phe-nriner.extensi on .product by strand
di spl acgﬁrrgn DNA S@fnt esl tafﬁ%ﬁ%ﬁ]@)%%&x%gﬁ{)ep&n VR%VFiCQWQSICIﬂWDI\IA parti al
het er oduphdexn hybrighization; gimer @nehs{dn)and df?ﬁ&émenﬂﬁﬂcﬁﬁipoﬁimﬁﬁﬂ&%kteﬁﬁﬂm e
primer iso(%he mal l'ification using the conplex conprising a RNA/ DNA
partial Bigtust g’ﬂﬂfﬂ"@ﬁ%”&%ﬁé’t’h@éﬁw ar@mphmqmm%%%@m erofg@ed] The
met hods ; SR 1 ' y = ' oIk 1y a
RNA/ DNA 1% gér%g&g%dt’ EOIpr i nel?ysg‘%r%lﬁésg% § g%%f/ a%;relhﬁ%lﬂtq % n%}%q%m D :’)ﬁ‘%ﬁgﬁl g§$§ H% (such
as gencmmp’ é@l‘ﬂgatsghqﬂm ﬁzrfuﬂﬁaglpliﬁoattcmdﬁmgspﬁbﬂhat RBymits mptlbdﬂ:h Miffuatioe” or
"random r.i di.zat i on.' S use erein, |t .is meant that, the conposjte
pri mer W@?F&P&‘B@‘eﬁﬁ%ﬁvﬁ@m O@iOE}&S ?Pl%@m%%@pbgqayﬁwe@m&@m n
sone enmgdimpants, an aspect of the invention is displacenent of priner

ext ensi on A&r]oduct fromtenpl ate pol ynucl eotide(s) during prinmer extension
by strarl@048lspl acdnene asmeet, themptbedsof ke ipventinn ipvolve twephasesi@n Wit h a DNA

pol yrer i.ng strand di .acement acti vi of .prinmers hybridized at a
downst r %%ﬁ%pg%%cs ‘l'%r{ ?@1"“& ﬂyﬁxﬁ%zﬁlvgﬁ? iﬁ"&’ﬁatf HesEHPe > PYRET ?’F%‘@Fﬂq %‘ﬁ

provi deslisptichmeist dicomposibaprimer kit 'ﬁhc%%éﬁﬁ&,diﬁﬁé&meh%ﬂw on mxture
conpri si ng; (b) a conposite prinmer; wherein

(a) a%(g’l ynucl eoti de tenplate; ! ]
the coms¥athesis Bherby acomplex eemprisimgaRN&/DNgnpatial hetgoduplox isgendrand, and 14

and (b) composite primer-dependent single primer isothermal amplification using the

complex comprising a RNA/DNA partial heteroduplex as a substrate for further

[~

amplification.
[0049] The methods generally comprise using specially-designed primers, generally
a RNA/DNA composite primer, to randomly prime template polynucleotide (such as
genomic DNA template, mRNA or noncoding RNA). By "randomly prime" or "random
hybridization", as used herein, it is meant that the composite primer hybridizes to multiple
sites within template polynucleotide. In some embodiments, an aspect of the invention is
displacement of primer extension product from template polynucleotide(s) during primer
extension by strand displacement DNA synthesis (e.g., by primer extension with a DNA
polymerase having strand displacement activity) of primers hybridized at a downstream
position(s) on the template.
[0050] Thus, the inventjon provides methods of incubating a reaction mixture, said
reaction mixture comprising: (a) a polynucleotide template; (b) a composite primer;
wherein the composite primer comprises an RNA portion and a 3' DNA portion, and
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WO 2004/ 092418 PCT/ US2004/ 012779 wherein the conposite prinmer is capable
of hybridizing to a nultiplicity of tenplate polynucleotide sites; (c) a
DNA- dependent DNA pol ynerase with strand di spl acenment activity; and (d) an
RNA- depeW@2004/ORIN8pol yner ase; wherein the incubation i $cand@so4/062n6i tions
that permit conposite primer random hybridi zation, prinmer extension and

di spl acenent of the priner extension product fromtenplate pol ynucl eoti de,

wher eby wherdi® el i hd R hat
general ly eir nc?igchgﬂ?(@%éﬁ%dﬁ%g leta&efﬁlgpg'?fgln%ﬁﬁ/rlﬁ elg;?tp ?Fef%?%r copi es of
t he compobmueleotiste sifes; Ye)DNA-dependar DNA eolyappae sl stranddsplaceasdnon) t o

conposite.prime e s; and ), copies of tepplate . pol ynuc| eoti de and
copi es %&"ﬁh’e a%%@ﬁgm'%ﬁﬁengwﬁé@ ?fﬁi?él""@@ie}"dge Hisyheads pydes

ext ensi eBnditiens'tha peahil i g,frmfé;r{?m ' o
interrredi_até csonpllgxes'&ﬁg?/&tg doub e-?%%ﬁ@ggﬁér}’%ﬁn%&%%é%%%l ally doubl e
st r andedisplgementiof thegirindrexiensisr poauof fromdemplsictpelynncloetides edeebgas in t he
i nt er nedi_at,e..conpl exes,. the ¢ | exes comrjse.a NA/ DNA het er.odupl ex
parti al gh@il%tr‘%‘{ﬁﬁng%{me%% W?%%F ﬁe&?nﬁqa%ﬁéatﬁWEﬁ&ﬂ%@Fﬁ @) com%st‘éfrp odupl ex

ener al kamplstel BGRR : | ' L.ger, and the
IR por {5 o e POLENGIRL ok BopiENr 0 thinBenfht STHELAATRARC SaBlrcl™ L

por t i onappended(via exdension) tecqmposite prifer sequamdes;cintl {b) dopies of egmplatei on of
i nt ' | | d " | i si RNA/ DNA parti al
et or odfop bl 6 484 BSpit ol fplehent BB D BERARTe SRpIcE® at | cact
a 3' DNéxtpadién)as tHehainpldimertt 8PédthFoshib prigfd QéHu¥noQ§k.' %@Elltérﬁﬁﬁia?et&m lexes

pol ynucl eoti de. Thus, and as the description nmakes clear, reference to a
pri nmer Rxtbedppblesirardedios mayde pavindly donblespasisds Byvinput ofithe presencewfii ch at

| east a Falame ' l.s, hybyidi zed, enpodi nents in which two (or
nor e pgdélj[if: (})dﬁtg;&n%cr H*@e%é;elg %ﬁheéﬁtgr%%?’? G U%X%sg@ﬁgpgpge&e%gow&i di zed

(I oopedRdA/PNYohéterodsplet partibchapsrodiglex. PR ARG B RNADNpdhs entire
primer js hybridized. y[,0052] The conpl ex conprising a RNA/DNA parti al

het er odhﬁ?’é’@?@x gefsEallyas intragnoed: by ths KNA ppition of theicompasites pimemend ta enzyne
whi ch chapy 8&iBNBF . ri e Hi. ¢l eaves RNA
sequence frgﬁl]ﬁt he ﬁ{?gﬁeg& ea\}lpﬁkg%d%t}gﬁegl ngﬁgl%ngfﬁggggﬁdqﬁﬁkoégﬁﬁlgnce

avai | abtempaesite piimgt.ngotsimplictynfidspdpmlqionf intémisiitbe comyplexesidiermedta be t he

same as_the first .conposi i mer.)..., Extension of a bound conposite priner
by DNACY Sﬁﬁwnﬁ%m&rmm@;@“ﬂri mer extensi onrrBroductl,o whi ch
di spl acpes1f he prevhealsy, yhdk@midsid ﬁ&%@&c&gr%%f RILAIPE 3DRANRIA, BLeguCt

wher eby pol%nucl eotide (generally, ) uct accunul at'es.
under st eapablepdrandapily primthggemplatst pjpmeteatitly. Tlws, endristheidescripticremalesand

Ferp! at SensfERedd o Boflel Bl ARRUAST, BRAR S GoomRBset G BRE B product
will which at least a portion of the primer is hybridized, embodiments in which two (or more

portions) of the primér are hybridized (separated by unhybridized (looped out) portions of

the primer), and embodiments in which the entire primer is hybridized.

[0052] The complex comprising a RNA/DNA partial heteroduplex is substrate for

further amplification as follows: an enzyme which cleaves RNA from an RNA/DNA

hybrid (such as RNase H) cleaves RNA sequence from the hybrid, leaving a 3' single

stranded DNA sequence available for binding by a composite primer (which may or may
not be the same as the first composite primer). Extension of a bound composite primer by
DNA-dependent DNA polymerase produces a primer extension product, which displaces
the previously bound cleaved first primer extension product, whereby polynucleotide
(generally, DNA) product accumulates. It is understood that amplified product generally is
a mixture of sense and antisense copies of a given template polynucleotide. For example, if
the template polynucleotide is double stranded DNA, the amplification product will
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15 WD 2004/ 092418 PCT/ US2004/ 012779 correspond to each strand. If the
tenpl ate pol ynucl eotide is single stranded, anplification product wll
general |y be produced that is the copy of tenplate polynucleotide (sense
copy) and the conplenent of the tenplate polynucleotide (antisense copy).
[ 0053] TWE 208409218 di scl osed herein are applicable to tRCI/GRPIHCIRTALI on of
any target polynucleotide, including both DNA (e.g., genom c DNA) and RNA
(e.g., nRNA and ribosomal RNA) targets. As is evident fromthe description
and shov#rieppanddo excinyitand. If the teneliie golyoiiclebitdd isviglel seandudeamplification

conposi t e-pr | de dent. .That. i s, anplification is not L observed in the
absence I%P 8'%%@3%%@& eB‘iOfiH%e%.th"[‘tG%)gﬁ]"OP}ﬁ obiegiiate pelypecleotide (senee ¢9pVENt i on,
auxi | i arahdahd eahsleMERt JIHBS RRip1S t ' conprising tenplate
pol ynucl eot i de, I?grrposi te pr iprlr%t?,pgigﬁ%%(ggfeén( en?ﬁgﬁwgol ymer ase and

RNA- depel®8&Ht DNA st mgfbpdségc/:lmddsmuh hnfelra?phcabgeamhé démplitﬁcaﬁbxh oears | refers

. : ) ) OF! !
g S e
enhance dxidelbogérﬁalqtNAytérgts.PAQMdeﬁﬂﬁ% ‘ﬁggésgﬁﬂﬁ%@%%ﬁéﬁ?%@e%%@%& he

e.g., providing representative anplificati
t enpl at dhe me of thripyention ercanpenpobite-primendependdnt. aThatrs, prpdificition i9866] | n
certain +.9lobal i ficatjon of genomic DNA is exenplified

herei n. ‘ﬁ?’&i@g&%‘r%g?@S[e%%%ﬁm@?%qetmﬂt he anplification methods of the
i nventi qoosdle suiThahbibef Mped Bl ih@éiﬁioﬁf‘au%lieﬁ‘?érﬁ%@ m9é¥e§e'iﬁ? %rgg‘xle( or

pol ynucl eotides representing a significant proportion or subset,
dependi A§AHAN FEXiUFRepreptising teptplaterpblyhudlentidenjonmdosite plimer) DNAvdep@slen] 0056]

Accordi mol gl he, | tign provides methods far,

anpl i fi g‘%&’rﬁ’l’g‘f‘&g&ta&ﬁm édeBS‘F‘i?Hﬂl\éﬁzb?‘ﬁH@gmé%i ‘gswgﬁ%rénéa ¥ ng: (a)

| ncubat ipnigiaas” refeectol 2pbpMatiot of rarBinChndtR Phitilly Bl . GRH:L. Sirflisichl ) @

t enpl at e _pol &ucleo ide, (iji) a first prinmer, wherein-the first priner is
a corrpoﬁftaé’oé piien of 1andom prigiery duringthe amplificationlis belleved tojenharicettberpl at e

pol ynucl : | : | 7k pasite.prinmer _conprises an.RNA portion
and a 3'&%6[{%&%8? ltp %ﬁ?ﬂeﬁﬁ@dgmég&aggp@ ’%Eeﬁ g‘prVr‘fﬁB%ﬁe@r‘?se%ﬁth?i v) an
RNA-  depeptiéinationNg thotemplate sehethdr itlehtemmpiatd B MA&&M@Fc@eﬁgéég file® enzyne or

as an enz conprising both DNA-dependent DNA pol ynerase an
Rm-depgﬂé’gﬁfatmgﬁéﬂc&nerase activities); wherein the incubation is under

condi ti gogsst hat pPes Radais @ i raiﬂ{rf)% Fivdiazatl on. .. ori mer
ext ensi gn asgld di spl aceanenéfpeg% %lﬁgaﬁpr néifgtgd%do(e}%f@ﬁﬁp@g Jng?r?Medt enpl at e
pol ynuc hewin. déis widerstaogd, bowewen| that thompplificatign aretiNALDHS ipvstioakre

suitable for amplification of any pool or subset (or polynucleotides representing a

significant proportion of a pool or subset, depending on desired extent of amplification) of
polynucleotides.

[0056] Accordingly, in one aspect, the invention provides methods for
amplification of a template polynucleotide, said methods comprising: (a) incubating a
reaction mixture, said reaction mixture comprising: (i) a template polynucleotide; (ii) a first
primer, wherein the first primer is a composite primer that is hybridizable to a multiplicity
of template polynucleotide sites, wherein the composite primer comprises an RNA portion
and a 3’ DNA portion; (jii) a DNA-dependent DNA polymerase ; and (iv) an RNA-
dependent DNA polymerase (which may be present as a separate enzyme or as an enzyme
comprising both DNA-dependent DNA polymerase and RNA-dependent DNA polymerase
activities); wherein the incubation is under conditions that permit composite primer random
hybridization, primer extension and displacement of the primer extension product from
template polynucleotide, whereby a complex comprising an RNA/DNA partial
heteroduplex is generated; and (b) incubating a reaction mixture, said reaction mixture

16




het er odupl ex i s generated; and (b) incubating a reaction m xture, said
reaction mxture 16 WO 2004/092418 PCT/ US2004/012779 conprising (i) the
reaction products generated according to step (a) (or an aliquot thereof);
(1) a covpeemoe24ps i mer (which nay be the sanme as the fpcstusmoi/orre or may
be a different priner), wherein the conposite primer conprisesan RNA .
portion and a 3" DNA portion; (iii) an DNA-dependent DNA pol ynerase; and
(itv) an ™ ﬂ?ﬁgﬁ) rom an. R .hybri d;
wherein ? g@pflﬁg%ggﬁegﬁacggngn er éginldhﬁ%efig%&@ﬁgt%o §%€¥a§1(?r aﬁ%hﬁ%("r\é%e%’

hybri di z&6) axempesiterprimen(verict may bRNE satnea dgefirt rimeanoRNdy BNdifferent

het er odup ex, aﬁgr diﬂs1 | acement of the priner extension product (i. e.
strand dP2piche: THERI ROSHERELRE FOmpEsRsiR &N ppttior 2o 2B PNhesrtions RNA i s

v SR AMNA S AR STl ATRETUUEAN o

ext ended, whereby nultiple copi'es of

anpl i fi c&lerens RVA dioor areRAAGBMNEX hyteill; whereswtie imubatbnne whder dohditio@aati on

m xture Qf ste [0S .1 ses, the reacti ) Xture, according to step (a)
(or an a%’&ﬂ%‘?&n%rﬁé’%g’fg?ﬁoq’ ﬁ)ﬂ&%%ﬁ%ﬂ%&ﬁﬁ%ﬂeéyag@tf@pn epRN tiated by

t he addi hierddahlernd § | ex
(such as RNasgIB Ie—|)’., aggﬁ%g%@%taﬁtﬁﬂgﬁ%@% g{pl%gacigﬁ %B%@} @%@?{;@%@Pt o the
react i onDNAsxntlesis) fromehe cemplekof ) miearits RN Anindlsaved bad afcthetcoppostiext ur e of
step (a) (R further conprises, ayxiliary primers. [0057) I n _another
aspect, P %&gél ﬁ@%%&oi%%%'ﬁpi‘%?a’é lsr%:%ﬁ%ds Whsteby mytltiple capies af @ polynuclestige at e
pol ynucl @héﬁﬂ{,UYNAPﬁﬁFMiéd@iﬁn%rod&ﬁ&’e IgBerfte! H SmeXMBbHRARL, R reBiibhYr €

conprising: (a) a conplex of a first prinmer extension pro uct  and a second
primer BRHBEOL siep fplremnrisesheredction mixthte astondingrte stepxa)e(os amaliquobduct i s

generate e | . randart.y. prined first .priper hybridized to

t ar get pgﬂe{/éé eﬁfég@?%%&{lﬂ’%%%ﬁ%? %@1 I%"' afegﬁe’,y J‘?\ﬁ‘i‘f"@& Ofr‘ﬁbagcgfré?t deaveer is a
conposi tRNrérfmrﬁranmimDNAm@te%HdgM (Phias RNABOH),2nd opkibiiallyP@ N AN, Wherein

t he firsé primer._js capable of hybridizing to a rrultpi plicity of tenplate -
pol ynuc| $&eR t@ﬁ%@?@ﬁ%@%@ﬂ& Tsaqtion mixbueef sien @ Inscresenbodimenssid i s
generate ' afd i .hybridi zed.to the first priner
ext ensi o%a(gﬁbgdlﬁ%%l;ﬁgégﬁg%&f)conpg@?‘g[ﬂ%r&icgn%?n{%a. ‘ﬂ%fYrRﬂ}P?r&i zable to the
second pl0&dr ext ensinothepaspecicthe imeation provites meEHHAS Sort niilificHién SYUTPT i Ses an
RNA portjon,and.a 3 galAggort'on; (c) .a DNA-dependent /A pol ynerase; and
(d) an eRFPIAS poRuclaoads YN FACEFHORNIAE IR, sAidFeaciion mikEei n t he

i ncubat | npringn 8 a SRplbt b rdt BatnePEHE sion@{réb)%% ?%l?(' D E%C(é%i& g}ﬂn%f] e primer

-

—

extensi on, RNA cleavage from an RNA/DNA het I'spl acenment of
conposi t&tensionpsedurct, svherdie thedinst mimerfextheipn peoduetis gendrate®Rbp ekensibeafed and

Zn BE) Ihs F] u@ﬁ%@?&@é&g@{) ﬁ:%&?}{rg%%h&ﬁﬁs%g(g E?Lt?xrg%%( f)(ﬁ}rflrgu%?éoﬁ\é@ %vri&lbayDM IE(;I}F')lzlneerage? pres of
wherein the first primer is a composite primer comprising an RNA portion and a 3' DNA
portion, whetein the first primer is capable of hybridizing to a multiplicity of template -
polynucleotide sites, and wherein the second primer extension product is generated by
extension of a second primer hybridized to the first primer extension product; (b) a
composite primer that is hybridizable to the second primer extension product, 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 from an RNA/DNA heterodupléx, and displacement of composite
primer from the complex of step (a) when its RNA is cleaved and another composite primer
binds and is extended, whereby multiple copies of a polynucleotide amplification product
are generated. In some embodiments, the first primer extension product and/or the second
primer extension product are generated in the presence of auxiliary primers.
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are generated. In sonme enbodi ments, the first prinmer extension product
and/ or the second priner extension product are generated in the presence
of auxiliary primers. 17 WD 2004/ 092418 PCT/ 1JS2004/ 012779 [00581 In
anot her aspect -of the invention wherein the tenplate polynucleotide is
RNA, 02’[ BYBRAIS s cl eaved fol | owi ng random conposi t ePEFUS04/012779
hybr i d| zat ion and primer extension. Tenplate RNA can be cleaved using
met hods wel | -known in the art, including cleavage with an agent (such as
an enzy rrEmS&hc h asIRNetker I&pet:haﬁtheimzanﬂm Rivéreirf the tenaplatRpélyRiviediideris d,

| |t t t d cl due h |
{r et men PR R Aol el EomBrar aRee: b Gaten aibodi ment s,
e Movay oo d&mﬂxﬁeg&d,? off 1 SR Ao BRI s O

reaction mxture conprisin RNA te a conposi
wher ei n ingldingrgienyage withianagent ¢mrchras se snzymEictparRNase Hyrihiatalcdved RISA

il i | EpRnfAT ﬁ‘yﬁnﬁﬁ%ﬁ’v%’g%%&ﬁﬁm"%mie Seg B AesvABRAUBT oy s

(d) an Rﬁﬁ%mi@@%d@ﬁgnt Re n | eavi ng
RNA from an RNA/ DNA h @\g\l d; %@g%%ﬁp? mcuggi{aln%nﬁg&{}% e?pci:lgnnﬁ{stﬁhgns t hat

permi t cl@mmmowdcmpthpdmmbnwbmng dtrmtmn mixjard, sEd reactiemsianre t enpl at e

e onn St (RSB maleis B GeeRenion brimes Wi e coBRBHIR T |
RNA/ DNA Mﬁﬂs@é alf RN fetibh @iid b 3 DNhepoﬁﬂa%ta&ﬁ Wik 8h tldtiohBRli A cat | on as

descri bed above (i.e., single prinmer isothernma anplitrcati n sonme
enbodi mesdpable of hxbridiring ﬁ(ya prultipdicity of sites| in demplate R¥A; foéa(BNMependxnu re.

100591, ToNA A FrpEh DL RN B RRnt A0 BEOBRSER! S AL koAl
met hods, cleaviitp RS £6inmn RN AMINATLSBEQWRSABHS u{caba&mn if GNP %ﬁlﬁﬁﬁ{ﬁhat
deoxyol i gonucl eoti des) and ‘EI’I mer __extension with a RNA—de%@?dent

pol ymer J&&my é>°§1P°S%Dlém§1érail n brbridizationeprimgr extensiqu; teseplate RHFA dikavageand

appropri A THG ature

condi ti oﬂ;&? aﬁg@ t hé%%lfé?gc%dp fgir%% g%ﬁﬁgg‘g’ﬁ?%m? PES%\‘g W@ﬁ‘g@%& as
first sthe&mddtqﬂ)k%s @;m‘ateds The vbinpleR copEISing 2N ADNA patRDhdtelodbplak iscan be
arrpllfletg Orfg) e wth the t hods. of the invention. [00 ] The

net hods ?S‘ﬂﬁgae %ﬁvﬁ&&mﬁ&ﬁ%&nﬁ% gs6Ebed ahavg (hesinglp primerisethemalpr oduct s
(so-call DhHC I t whi ch

enpl oy %gjbshua yI,l) gin%dhﬁee bq e%%%%@%%ﬁg%%@grg£%ih%|%§%gﬁolﬁgcgrephods of the
i nvent i opixtwach as et hods of nucleic acid nutation-detection (including

met hods [%ssﬁe noty pfer}gglate ynucnl"eotlcﬂegmay also be prepared from RNA template by
synthesis of cDNA. cDNA synthesis may be accomplished using standard methods, such

as priming with random primers (e.g., random hexamer deoxyoligonucleotides) and primer
extension with a RNA-dependent DNA polymerase (e.g., reverse transcripatase) in the
presence of ANTPs and appropriate reaction conditions (e.g., temperature, pH and ionic
conditions). Only the first strand cDNA synthesis need be performed, as first strand cDNA
synthesis will produce a DNA polynucleotide that can be amplified in accordance with the
methods of the invention.

[0060] The methods of the invention include methods using the amplification
products (so-called "applications"). The invention also provides methods which employ
(usually, analyze) the products of the amplification methods of the invention, such as
methods of nucleic acid mutation detection (including methods of genotyping), determining
the presence or absence of a sequence of interest, quantitating a sequence of interest,

preparation of an immobilized nucleic acid, comparative genomic hybridization, discovery
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the presence or absence of a sequence of interest, quantitating a sequence
of interest, preparation of an imovbilized nucleic acid, conparative
genom ¢ hybridi zati on, discovery 18 WD 2004/ 092418 PCT/ US2004/ 012779 of
novel nuwloeloos/@ei® sequences, and characteri zi ng nucl eipggd86/0483799 t he
anplified nucleic acid products generated by the nethods of the invention.
[ 0061] Any of the nethods of the invention can be used to generate

pol ynucl ' ! r ' r. charact erj zat | of a

Dol ynucl ol S RACRRE S, BSOS iR BRE MR (e
| nvent i onugisioeéid produets igentsattd by clvamathbéy ofzhetvefidn. exanpl e, detecting

b d/ tifyi I | eotid f
it or oot [0GHor 151 s o3Re meghote f s iveiBiom ek botapdde BesFHtEEopIGATIGD he
t hod | I nal yzi Lifl i ducts.
Step. () Por e B AN or Hpd DA o1 EORa PR BB oy

met hod ksampte. i In onb embodinent, desinveitih proeides methbay foe amadi@iiye @et ecti ng
and/ or quant }lféi n% anplificat iﬁﬁn produycts that. are hybridjized to a probe.
These anPiPI% SEETHEIPESERE o Absense) angipr guantifdng)apolpanclentide sequengedfnet hods

f the ij i . : '

gt e e T A b
abel e 1 e i wtse 8 get hods. ese
| abel ed pr c%uc{,s ar articul agl gﬁjabl e for quant i}; i cation_and/ or

| dent i 11 TARTER I%Q/Pfﬁﬁ?‘ﬁ%%l YeRstioriRd B anppethodumernimthedger desraibede of
Crvern) e SIS P oLl PR IRLALE ARl 0°7) T

i nvention_provides nmethods to char presence
or abserhybridized tog probepuEhese ayiplification produdtemty demay gotcbedebeiéd. i Aiyeoest by

Prvant | GRS S I cRo (R sk S i RBolueic G145 (b ot BESAX on ot hodss

such as pro@wts thaseslabeled by corpRSMObRILETuMoties Mid lfégiékﬁ ol ogi es.
These anplification produZtsoqrrréﬁ be | abel ed Oé@ %Jﬁdggrel?e i (F)éﬁég)%ﬁ@The

met hods RIS it arpsepiassstar(y) eofche msthods Eheseilabeled prodictsoire ppticylaty | eot i des

(or poly i : I.nQ . .gni ficant, proportion of,a pool
dependi n%ﬂglﬂsggsqlg %@?@%@%@%ﬁ‘ﬂarﬁo Ilcl%#lg%gl[ F}?ﬂ:)Od? g"‘b‘gl?'lg’rthf éﬂsYYPJFP@‘?"g‘ﬁfF i nput
mat er i althé use of arrhgeaeh as cBNA midrsarralb ued oBgshudlofid #RSSr i bed herein, ‘
arrplific[%' n prod[glgt_s can al sp, serve as tenplate for further analysis
such as ‘%ﬁje nce, IYFIHER ProYides maethads o ehasadterizefpr examplepdassct SNP

det ect i Qypdselsd | QHﬁ?‘ | ' I.QpD- ed--a anal ysi s

usi ng ?ﬁvag?r?glg%ggggaeﬁé?ﬂﬁ m 2%8@?"#&#@“?3@ L?%%e &ar&?‘%ﬁgyl I ke.

Anpl i fi gsnéretingpalvsieotidy prodists usinp umplificdtinphethedsioafithd mvédtin, ampl i fi cation

by th hod f 1 ' t h
y ¢ & lyzmg e proctPﬁactsI vager%ecltgg/q%%nt%ca‘gcrm methods such as those based on array

technologies or solution phase technologies. These amplification products may be labeled
or unlabeled.

[0063] The methods of the invention may be used to amplify a pool of
polynucleotides (or polynucleotides representing a significant proportion of a pool,
depending on desired extent of amplification) to generate sufficient input material for
subsequent analysis. Thus, and as is described herein, amplification products can also
serve as template for further analysis such as sequence, polymorphism detection (including
multiplex SNP detection) using, e.g., oligonucleotide ligation-based assays, analysis using
Invader, Cleavase or limited primer extension, and the like. Amplification product may
also serve as template for further amplification by the methods of the invention or other

amplification method known in the art.
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anplification nmethod known in the art. 19 WD 2004/ 092418 PCT/ 1JS2004/ 012779
[ 00641 In yet another enbodi nent, the invention provides nethods for

i mmobi |i zing nucl eic acids, including nmethods for generating mcroarrays of
nucl ei c i ﬁ/ E&ing anplification products of the anplification nethods
of the i NHPYERE 00651 1 n anot her embodi ment, the i nvBSPEHOHIBY Pdes

nmet hods of generating cDNA |ibraries, nethods of generating subtractive
hybri di zati on probes, and nethods of generating subtractive hybridization
|'i brari el0064hvant aljeyet snothereembpdimentothe[ionaspn providss methadsdots f or gl obal

anmplificgtl . | ei c.aci ds have been. devel oped. PCR-based, met hods,
Sueh as PibSiZhe B i R RS AR o RN B S altays SIS B e

i nconpl etgngauplif@tion prdducis.of the ARPeRdatien Bl¥hoas e inwhtibfsuf ficient | ength
t hat canpot be used in manyba%pl i cati ons. PCR-based net hods al so suffer

from t hel008Pbpensi Inansther g enb4be inyentian pyevidesanethpdsoefigeneratingit ar e

Cenon o SORMbrATE, hleings of Sherdr i SpbFRive hilidiPhedn il BRERBR Y oo,
PCR- bas egengpiting gsbttRtive hgbridisddnSibimidsher mal cycling. [00671 Additionally,

a nunber of nethods for the detection and quantification of gene
expression | evel s have been devel oped in recent years. For exanple,

~mcroarr ' | |3 her defined cDNAs or oligonucl eotides are
i mobi | i‘é)ef%mgl‘%‘é}ﬁfl\@e(e:’?‘e&t%’%at ions on, for exanple, solid or sem-solid

subst r at [®66jor on Vefibusadethods fof bRbal AnsRLSNES HRIEECAI@ havaHeé®r
quanti f igeat jon_of the expression of a nmultitude of genes in a given

speci mendevepRg PE edimethods Snh AR mast seaerate roncipeeific apmbifisation of
absence gf:rand s qan | i : j ' | & wWhich.,in turn
I s used %ilfag&’ aé 1111?% e ét%é%@gﬁp&ég%li 0 6?%%%&%&11&1‘%«5%@% fle\rﬁgiqeélgt}l es
direct |thbedanng tefusedidimanhappihicatiapsi PER-baded ipthodsalsd suffér festadlie t ot al  RNA.

Thus, when usin 0 RNA.preparations froma given cel]l or tissue sanple

to ana|VQBe%ﬁQ§?h%eﬁF3£%FF&P @p@m@&w‘)@%‘% @éfsargﬁrqf?rewélyw&mf@du@%g w

met hods | ' ' RNA, which
thyS Fes@Bind iH BiMSed r@?xgké%%ﬁmﬁ)gf%'égéﬁlﬁ%gl% ng:/%rfg lt!l{fg Oprgfhédtg ?P{rtrlf{NA !

general ly ranges from 50 | Siml purified
from a tamplificaipn paetien. ablsoPURbaskdyeethodd feyuilecuntensoinicettiefmal caeliigngl e

anal ysi s gene expr.essi.on protili sing array Lechnpl ogi.es.. This is a
clear | i[%ﬁ{s?a]t i on oé‘g‘#ﬁ?% sagﬂ@he%%fnrgﬁggé @é@é(ﬁk’ fitieh faf/auat .‘r:%%o_&gﬁf -

I nsof-ar gdheehigressiohReé]s BaveiRleh Fevélbped 6 Peht JdahS Wor SRAAPISERIGEAHIysSH 1 S
very large, and these cells or tissue specinens are often scarcely

avai | abl whirbpithesdefingd JPNAs er obigonucleotidessre iebilized atatiscrste losatienspegi al | y
severe gy bhifngit, 48#a OF séibil 4G UbSRRE! EPAPacAMIF bl chdhie Thd QetbiioR! U o

are rar
and/or quantification of the expression of a multitude of genes in a given specimen. Using

these previously known methods to detect presence of absence of and/or quantify multiple
RNA species in a sample, which in turn is used as a measure of gene expression profiling,
generally requires direct labeling of cDNA, which requires a large amount of input total
RNA. Thus, when using total RNA preparations from a given cell or tissue sample to -
analyze mRNA, the analysis of gene expression in the sample using methods such as arrays
requires a substantial amount of input RNA, which generally ranges from 50 to 200 pg.
Similarly, 2 to 5 pg of mRNA purified from a total RNA preparation would generally be
required for a single analysis of gene expression profiling using array technologies. This is
a clear limitation of methods such as those based on array technology, insofar as the
number of cells, or size of tissue specimen required is very large, and these cells or tissue
specimens are often scarcely available for testing or are too precious. This limitation is
especially severe in the study of clinical specimens, where the cells to be studied are rare
and/or difficult to cultivate in vitro, and in high throughput screening of libraries of effector
20




and/or difficult to cultivate in vitro, and in high throughput screening of
libraries of effector 20 WO 2004/092418 PCT/ US2004/ 012779 nol ecul es. Al so,
previ ous transcription-based nmethods of anplification of mMRNA (described

in, for Woeepd/e24i8ockhart et al, Nature Bi ot echnol ogy (®k8%h004lA2779
1675-1680); van Gelder et al., U S Patent No. 5,716,785), are limted to
the anplification efficiency of DNA-dependent RNA pol ynerases and sone of
t hese nehbREed. 244, Heevidstt: N dlm? t ro y which the
pol ynmer ase pronoter &)sequesncagg%ﬁﬁgco?epora ggyﬁm&%ﬁ%@%@eﬁ@g&t in

ng_nl- fspecﬁdﬁﬁicéi:)%tihb\; fdri%ampbg\%pém&l aﬂ'bhtureﬂi\?té&n@{ogﬁz h?)gﬁ};ﬂ?ﬁlé?}ﬁmd&bf;e[) t Ee

ability i cient i t e pol ynucl eotides (1 ncluding bot

RNA and e.léefﬁt@;’ lrl'-ﬁeﬁ %El?ﬁhflgf,ﬁgy Sgiataé%ﬁ%tﬁql Huthe empliGeation affieiane @€ whi ch

ca be uspEAWdpBndRE RN hbIk ' ' ' uch as those

based on arr ai&/) t echnol oggl%gggt%d%ebﬂg@ﬁﬁgg%%%%gf %@ég%&@%@p&

quant i t dvipigevercke psogegs b ivbichithe pdlpmernss promnstert oqudntk R incofguthied Reprefieat | y
of, the invention-do not require thernocycling

enhancedm és?x&%% The r’Eet hoﬁs

and al | Of thé? MO S NCGAMNEEPRor ned i sothermal |y, al though the vari ous
st eps 0 carrigg ' anr gl ' A vi des
nuneroﬂ?g a%s\?ant a(?es_, liﬁ%t%?%d%tﬁ%é {ng(%i itczitl ng %%g%{ﬁ}%hﬁ%%@% féﬁ'&%?@[ﬁ?%n for
hi gh t hrrobigrcigetides (osbulinglsoth RANA asbDN)mAThus ghetiiilin of s  general |y faster

th th . by..th I [ . ' itabl e f f ' th

ot hods iR Atk ERRBs WHER of B uirEiwyf st Gomip prodicistthe y o

ef {1 ci erihVortiomphiti us P8 Based oh 87 LENGLY R HERTPCIE uBRMRACERMBUCH as
y n

genomi ¢ DNA) under_conditions that w gener a alter
r epr esefiuaRt e CR yaing meoleqular henepns,cmd dhe ke, isholthbe gieaily éntgneednpl e, Wi | |

reatl nce t HER f. the. def ection/quantificatio hods such
gs thogé Ba@ed on teﬁ%%%r#ﬁeg&ﬁvnﬁoﬁmﬂug 1ETpRy P gﬁfgalggéth*ty to
ef fi ci erstepy cantpl peforfabihisotticngally) @lthaRpbaRe ivéyjicsds%wpgﬂx@fb? chifRl bGAd | on

accor di t he nethods of the invention provides neanS for representing all
sequenc &t igmpsIgiyreso fThistgaturre vides nyragrous advianiagesa inshugirig facititating

propor t i;gRnftioRaRPd eHh; esi.r xtent, of the | .fication) in
t he sarrf)ll e for exar‘re%’ltaced{,%ﬁsequg%gfe}guéilré"k)t Z‘gceeﬁﬁeﬁ'gﬂ%léoﬁlﬁ@ﬁ?%ﬁ PH1%f nRNA
speci es generallystastot than Thet affetded by tadrmaheydling efdiiosuible fOerfobhihghe 0 i go- dT

prinmers 0_.bi t.he poly-A.tail, of nRNA) to initiate anplification; thus,
the met &Odﬁrﬁgg“ﬁénﬂeé’%ﬁng%n%q“ﬁ‘ dyiesBol y- A tail ed RNAs, such as
noncodi N@70RNAs aqﬂe&m@@feﬂ}ggﬁtﬁ;%%l loS1sHT8 5] ds of the
i nvention do not require prior Kno :eﬂg’gjé’ %)f t%heﬁgtee -égﬁggg&lﬂ% t he sanpl e
and ar e Sq¥gRces (fuch g genanicINApwwley cafditionsethat will generally not alter the

representation of the nucleic acid sequences in the starting sample, will greatly enhance the

utility of the detection/quantification methods such as those based on the powerful array

technology.
[0071] The ability to efficiently amplify RNA using the random initiation of -

replication according the methods of the invention provides means for representing all

sequences in the pool of sequences (or representing a significant proportion of a pool
depending on desired extent of the amplification) in the sample, for example, sequences
representing the full length of mRNA species in a sample. The methods of the invention do
not rely on oligo-dT primers ( to bind the poly-A tail of mRNA) to initiate amplification;
thus, the methods may be used to amplify non-poly-A tailed RNAs, such as noncoding
RNAs and RNAs of non-eukaryotic species. The methods of the invention do not require
prior knowledge of the sequences in the sample and are thus suitable for discovery of novel
transcripts, even when present in low abundance and/or representing non-coding
transcripts. The ability to efficiently amplify RNA under conditions that will generally not
21




transcripts, even when present in | ow abundance and/or representing
non-coding transcripts. The ability to efficiently anplify RNA under
conditions that will generally not 21 WO 2004/092418 PCT/ US2004/ 012779

alter th | fation of the nucleic acid sequences | ration,
wil | greﬁq@m@%ﬁ{a}’nce the utility of the detecti on/quanf&ﬂi}gé}o%ﬁ%@et hods
such as those based on the powerful array technol ogy. General Techni ques

[0072] The practice of the invention will enploy, unless otherw se

i ndi cat ealter thegapresanitativalof tlectivl ejei acid séquentesdu ther prepasativgy will geehtlidi ng :
reconbi napt techni.gue 1 ¢r obi ol ogy,. cel |, bi ol w blechem siry, and

i munol oﬂ@l@?ﬂiﬁ%ﬁél@i}'@%@% %TW%P @ug%ifl%’u%m 2155\“‘3’. sé}iﬁ%sﬁ%f‘%e?tﬂli’it fies are
expl ai neﬁb\ﬁ@ﬁﬂmgﬁt&mlb@.erat ure, such as, "Ml ecular doning: A
Laboratory Manual™, second edition (Sanbrook et al., 1989);
"digonucleotide Synthesis" (MJ. Git, ed., 1984); "Animal Cell Culture"
(R 1. Frgshne d.. 1987); "Methods in Enzynol ogy" (Academ c Press,
Inc.); ..%mq‘g#ec?;p&ugﬁpl s in Mlecular Biology" (F.M Ausubel et al.,
eds., 199072jand peThesthétideRF MDY entidBGRll eliSloy,AnlIE bsRvis<IdicateBeact i on”,

(Mul'lis et al., eds., 1994). [0073] Priners, oligonucleotides and
pol ynuc| esveationakigphniques of malé¢calar iadegy Gneluding rasempinant tachdques).ng st andar d

t echni qu nown i nythe art. finitions 0074 template,” ttenpl ate

st and. SRSy BR8E biosprishy. il fpbpdebathion FP4RiLe fUREL.
"target thuatte Sﬁclﬂfebﬁiﬁ?;ué%raré' badlainéd RN in the Med@ire Rl i) EVRMuli® Cloning:enpl at e
RNA, " or "target RNA " as used herein, is a polynucleotide for whic

anpl i fi cAdiaberatosy yasupkgsecapbedition (Sanebr, 9tm[]:€ﬂ i Yligoancleolisr i se DNA or
RNA. Th b uenc Ve 0 | N4t .of its

ot ual | SRR WL SRR AP PO Al CON Rl ? R 1 el b 1587,

vari iat :c dflﬂeﬂlhdxriadinzymbd gy €Alcddainid Bfelss'1gﬁ@};::°§Curr[eﬂt(1¥r51]r?c61,§\riﬁ>Md‘1e£omaetric on, " OIor
“anplifying", se erein, genera refers to the rocess of producing
mul Ui pl POREYEE M- Absubdiet aly g 1955 and prtindic prdatesspbERe Teehplgmereast 2
copi es. Ahaif RRYctiofl® ﬂﬁ%eﬂﬁ?@&s?ai@bh){ mean perfect sequence conplenentarity
or identity to the tenplate’sequéence. For exanple, copies can include

nucl eot i [#873nal ogsPrimets, olipondeleotides and pelynucleatittes employsé tjuthn deveatioer at i ons
(such as s&)guence Itera%ﬁlané i nttoduced through a prinmer conprising a
sequence”d tgei“?aﬁ‘?gblﬁ’in&is f18 TG AU KOQBRH ary, to the tenplate, or
a non-target sequence introduced through a priner), and/or sequence errors
that occur during anplification. "Anplifying" a sequence may generally

refer toDefmiions
[0074] A “template," "template strand," "template polynucleotide," "template

DNA," target sequence,” “target nucleic acid,” or “target DNA,” "target polynucleotide,"
"template RNA," or "target RNA," as used herein, is a polynucleotide for which
amplification is desired. The template polynucleotide can comprise DNA or RNA. The
template sequence may be known or not known, in terms of its actual sequence. Generally,
the terms “target,” “template ,” and variations thereof, are used interchangeably.
[0075] “Amplification,” or "amplifying", 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” does not necessarily mean perfect sequence complementarity or
identity to the template sequence. For example, copies can include nucleotide analogs such
as deoxyinosine, intentional sequence alterations (such as sequence alterations introduced
through a primer comprising a sequence that is hybridizable, but not complementary, to the
template, or a non-target sequence introduced through a primer), and/or sequence errors
that occur during amplification. "Amplifying" a sequence may generally refer to making
copies of a sequence or its complement, with the understanding that, as stated above,
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copies of a sequence or its conplenent, with the understanding that, as
stated above, 22 WO 2004/092418 PCT/ US2004/012779 copyi ng does not
necessarily nean perfect sequence conplenentarity or identity with respect
to the twozdt/@2¢8quence. [0076] "Pol ynucl eoti de,” or "poagt0es@gci7ol, " as
used i nterchangeably herein, refer to polyners of nucleotides of any

| ength, and include DNA and RNA. The nucl eoti des can be

deoxyr i beopyirgatves deinectssHoINHdafYeHEES LEd ucl eot i des .or bases,
and/ or their anal ogs, or gny s?gstra?%@gggd@%ﬂbé&iq c%%%?ﬁ't‘@gﬁi nto a
pol ymer ¥55POERIR te termplate seqnencease. A pol ynucl eoti de may conprise nodified

nucl eot i such @508 .at £d nucl eotides and, their analogs. |f present,
nodi f i ca?igzﬂ to t hg)%1 lc '{e%{’ﬁ?%eors TG "lﬁcé‘gnﬁ?“%g itershngsebly betsine refer taf t er
assenbl ypaymersef podlyotides off ity l%ﬁ@ﬁ,%@%&ﬁd@BWAeﬁfd'I%gﬁf Lf% gglec',tl e‘ér%,é“get ed by

non- nucj eot i de corr&c;ner_\ts. A pol'ynucl eoti de nay DAT after
pol yrmrer i E¥YIFHpnuclepiides sabasyiclsotidasgmoiidied wutleotidek abbises) gnéorpeiRQRhlogd) her

t f ki ' I nck ud f le, " bstituti f

of "o & et PAUSERe el BE L oot riH Bobmiety BN of BN Aclymgase. A

| nt er nuglobaicidartidmmiay bedpii@NBodRE oS, FAhany HAS R idL uRghar ged
e¥s, phosp OBAT

| i nkages, (.e. g,, hyl phosphonat es, phosphotries at es,

car bamatsﬂéél, argll‘%g’.s;r?% %FﬁﬁnwmqﬁﬂﬁWgéfdtheinmhbgﬁée stenctyre mah b6 pRparRidetat s,
phosphorgedfitdy hgse _containin ndant_npi eti es, such as,
for ex arrplgfé?ﬂjus%%@? of E’%&%?'mérn udf &gkace ?fg%‘f?ggge%mx broatesaipted;bynen-

pept i degiclpatide-domppsimte, Agiotynuclebhi@Smayibb urttizh RioA iR REPpdifimbrizardfil | 9! N,
psor al en et rCPy)d t hose coﬂt aining chelators (e.g., neta % radioactive
metal s, “BEYETY GRUgaton, with glebeliang cemponent.t Atsetypenefodifigatink yickider s, t hose
Wi t h nmogorfexeghple, : | 0 lc nucleic acids, etc.),. as well
as unmodi fi edpf_ ofrq&r;igg’g? ulésﬁigﬂl S&@ﬁgg?%%’??ed%%ﬁ l?atﬁ?ﬁi' REcurring pucleotidgg Wi dr oxy |
gL oup;s1 &R analeg, interucleotide mbdifichibors sgel s, ﬁﬁf)éx&ﬁ%lé,ﬁtﬂb&c@ﬂ}a uﬁ‘g{arpgregx armpl e, by
phospho oup sphat e grqups, protected by standar ot ecting
groups, ﬂ@%&g‘g {eiga‘?%t&g’? &“%B@?P&F%’ éﬂ’él’hqt@?ﬁé?fssl nhasphgawidates aciabamatesa ktc.)

nucl eot amtewith oh likgiges @Y. - S0l i .1s. .The 5' . and 3'

term nal OH panarggd/[;hos.gghgrﬁ%ﬁg{%g@ggéﬂls%?gt °§#§’§&§fhﬁ‘r‘f‘w§nﬁﬁ3§hﬁﬂ organi c
cappi ngSYIBMeE prpdant modetiss, suchyas, fortexadPles prdosins @i Micleaddshekingy dr oxyl s may

al so beygdgphatd . St anda rotectin roups. Polynucl eotides can al so
contai n analﬂl\égostléﬁgg%pqnlsdg%f °E¥'%‘§§33“%F%§e8593? %ngge@@@@r%(esmndm general |l y
known  psoralérs et), thosecontaining, chElRforEpea Erals?radiombdRIhrs: bitgn, SRlYL «

2' -fluoro-, or % -azido-ribose, carbocyclic’ sugar anal ogs,
sugar s, eBisnetethesroniaining alkylater, dhoseodith megified binkages (4. xalphs, pyr anose

o e ERaPOeR SR e L BB o PR o oo
| i nkage&rthey apg o? the hydroxyl groups ordinarily present in the sugars may be replaced, for
example, by phosphonate groups, phosphate groups, protected by standard protecting
groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated to solid supports. The 5’ and 3’ terminal OH can be phosphorylated or

substituted with amines or organic capping groups moieties of from 1 to 20 carbon atoms.
Other hydroxyls may also be derivatized to standard protecting groups. Polynucleotides

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,
carbocyclic sugar analogs, o-anomeric sugars, epimeric sugars such as arabinose, xyloses
or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic
nucleoside analogs such as methyl riboside. One or more phosphodiester linkages may be
replaced by alternative linking groups. These alternative linking groups include, but are
not limited to, embodiments wherein phosphate is replaced by P(0)S(“thioate™), P(S)S
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repl aced by alternative |inking groups. These alternative |inking groups

I ncl ude, but are not limted to, enbodi nents wherei n phosphate is repl aced
by P(O S("thioate"), P(S)S 23 WD 2004/ 092418 PCT/ U82004/012779 ,

("dithi JNR2 ("anmi date"), P(OR P(OQOR, COor

(" forrrag’z{)g?e’" 092#% which each Ror R is |ndependentlfq]iﬂtﬁzooﬂ%gwtut ed or
unsubstituted al kyl (1-20 C) optionally containing an ether (-0-) I|inkage,

aryl, al kenyl, cycloal kyl, cycloal kenyl or araldyl. Not all linkages in a

pol ynucl(&ditienie DedQ)RR, (‘aendatc’al P(O)Re PED)ORY G COgordeid o Fartnincatalip prl whicht o al |

| | f | udi 00,77
PP abel o BB TR EOAEAB e Ey 11k Bttt osiishheiten ARE P20 CY OGRS Vel y, to
a dNTP eontalTiRy améthéi'f(a(bqgmkhﬁ@"aﬂﬁ? <én§§fcyb§)aﬂtlyr %%Mka{ bf‘%hfdg £l ftached t
with a Label. For _exanple, abe r¥a I'rect

or TNTP
| abel ed lwﬂcﬁgﬁs in épomﬂﬁwt&e Itﬁedl }ae ldeatlwlo The peecdiog &ibsoapmm aiplies tualh as a

mb f - d A "l abel ed’
TP or HORBRTRES el AR b Re A TAAT L < "ac t achirent o, - for
exanpl e [OWml et ty A ‘qawle&aNapl”aﬁelabbﬁﬁqubeasqtsé@ﬁaﬁﬁt refergi '}Jléf)eeﬁvél&\rtg’ may

conpri se (for exanpl e, an am ne group) to which a I'abel
attac he@dNSW ‘éf , Of h%@gﬁdh@'ﬁoﬁﬂlabis dltmﬂyjmihduccﬂy\ﬂtﬁcheﬂmﬂaa label. eFm on :

product Lul « , ese i n ti clude fl scent dyes
§l ’sAcellLlﬁeqtgdso @Pé\gﬁé y%é%(%tg ﬁggab ?a?llo ifofcexample, e@ﬁ Y€1 uor escent
pr ot ei n aﬂdit’dr & Baeétalkle)nmét{’;tdm@h %@hﬁ%ﬂ)e{' 8f 8 speciid biding part I(’sucﬁ #Pbiokigrl, or
14C) nzymes (e. LacZ, horseradi sh peroxidase, "al kal i ne phosphat ase,
RV  abeed

, di go® "BV ER pra¥ I, énaym ke indiseetlydabaled by deattagbingntdo, col or ed

gI ass o t y et c. ) beads
Vari ous alﬁit I - legg%@ Rf‘“"é}n squszc %g%ec?aé%ﬁigqu hOALEPRESS, as a
means fauncabttvetﬁdmenmlplel abahine gréup) Iaewhﬁm labelandyl teatEchddablimea nat ur al

t hyroxi ne and corti sal, the Ilgang can be used

|
?Et llonjl g‘??é’ff? G%PO%MfaﬁF @%l%é‘@%ﬁw R gteasion puwingt Uselullabglsdn th prasenp or
rNTP,  agnyéagsh Hehak @uofe%«f:eﬁﬁa ésc(egh?lup)?er étg%oaﬁﬁo%gﬁteh ex 6&8#@10%%351936

nanely adeni ne, cytosine,
"d i gonguden (ﬂtuprteqent as)tm@dd erlfkem radjeisetopks (£.g. ,e’*[—EP-"’S 36’-1?; 33&Ph &f1f or ‘@peral |y

ngl e t randed, aII nt heti c l.ynucl eqti that are generally,
but “not CHERESLER: e sberdihrarter. Abulin mosdpies. aormgerma -
a £ g&;pqe d
au;<|gIO|n;rﬁgﬁpﬂeﬁfe@ab@rige@edf%E@gm%gé%glg‘%dé%t%? "SOP@ ?ﬁge e é an are not
nut ual | PolyREOpYleng.datexiric. blb%lm ﬁ(armls ani@*hgamdsranﬁdiggmdmdaacbe rudﬁh(as iabehual ly

d ful 0080 d
hor ci-n. temsERE bER el 16 ARRNE aTehens T8 gt eipe P p g b Tos a B>

anti-ligand, such as biotin, thyroxine and cortisol, the ligand can be used in conjunction

with labeled anti-ligands.

[0078] The “type” of dNTP or tNTP, as used herein, refers to the particular base of
a nucleotide, namely adenine, cytosine, thymine, uridine, or guanine.

[0079] “Oligonucleotide,” as used herein, generally refers to short, generally single
stranded, generally synthetic polynucleotides that are generally, but not necessarily, less
than about 200 nucleotides in length. Oligonucleotides in the invention include the
composite primer and auxiliary primer. The terms “oligonucleotide” and “polynucleotide”
are not mutually exclusive. The description above for polynucleotides is equally and fully
applicable to oligonucleotides.

[0080] A “primer,” as used herein, refers to a nucleotide sequence, generally with a
free 3’-OH group, that hybridizes with a template sequence (such as a target

polynucleotide, target DNA, or a primer extension product) and is capable of promoting
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free 3'-OH group, that hybridizes with a tenplate sequence (such as a
target polynucl eotide, target DNA, or a prinmer extension product) and is
capabl e of pronoting 24 WO 2004/ 092418 PCT/ 1JS2004/ 012779 pol yneri zati on
of a pol YRRev4¥2418e conpl enentary to the tenplate. A "mpomeniosmarybe, for
exanpl e, an oligonucl eotide. [0081] "Auxiliary prinmers" as used herein, are
a popul ation of primers conprising random zed and/or partially-random zed
sequenc egolyeridatioR bF a polyBElSotRIc o éﬁ@%g' 128 A b erein,.

t hough gener?l ly, _aux?lliya}ry pri rre?f}sp%aﬂrle é‘gﬂfgftgymé' l%ﬁ%g{rﬁrp?%lrrger’éorare
known i reXepple,pl oligepuslestidormer ci al |y avail abl e. An exanpl e of auxiliary

primers he pop . of random zed .hexanmer priners shown in Exanple 1.
[ 0082] T[(k)m&fl]nhi bi t%‘?ﬁsﬁa?gl’ I‘é’FSezi‘éé‘S‘Effh"r’%lHu%a@ﬁp%létﬁcrrwftpﬂmqrﬁmpwg and/ or

anount - aendonisgbareioriparitallyabeAGREEd sdA0R3b. ﬁ)ﬁxi}i]i%ﬁi}%mrg aférd.oé@"nu%[e otpandom
hybri di zatj on, ﬁs used herein, it is nmeant that” the conp RS primer
hybri di A5€leseibad, herep, thoyph genappliyhianxiliney primeb ateeangilof DNAeBuhdtgn [ 0084] As
used her;ﬁ"i'n‘ib i [.Si ng _an RNA/ rtial heterodupl ex” -
general Iy T et ?ﬁg‘ﬁ?{gﬁg’lg@%{@a %"%‘P‘%@Fﬂ%&@ﬂ% friepls of ppdliayener al | y

| ncl udesprius isthopemlafon!of HRideiifz A BE! SiBhbIShaREBLHARL £S Of the

conpl emjﬁ f tenpl ate . pol ynucleotide sequence appencﬁa [ 0 conposite

pri mer éﬁ}gnces; Tonankiby” 5dp deerease or restwpe an activityyfanciero tndler anstins copi es

of the CompRhRARNL :@trh&P! ate pol ynucl eotide appended to the conplement of
conposite priner sequences. By virtue of the presence of conposite prinmer

sequencd0083]t he | Myehramidhdy erifeMbl BxeSom hiBridi SN %8 Bs&PRRE| Sfis%eén?ast a
RNA/ DNAt e%rt i al heterodupl ex. The RNA portion of the partia >“het er odupl ex
gener al |§a the CompOS g PIAmEr Q&%ﬁf‘b@ﬂ@@ siteg Withén felkemylateipotynotlediide.

“conposi fgogayi mer, Aanged @\Mﬁ . th riial _heterodupl ex,

conpri sgs tF‘le conpl erreen?@rg toﬁ%&&p%g@%m&arbw ‘ieéo‘%Pfeﬁer. As

di scuss &sndselisetefers torepemmigtiomof dmtemnédidte gorapleihMenaally iludebgh er odupl ex
her anplification duri'ng the single prinmer

functions. ubstrate for. fur
i sot her Eglings;?r%fﬂi%lp fglieama} c}ﬂ‘?&é@ OF ¢ap1GH Hlareomptement of teppl@BIA i n t he
RNA/ DNAppnticledtideRegenesi iteaded & c%ﬁ)g iENEh A ) cohidghg stranded
portion with sequeﬁ%e_s t%igjt are co ?ﬁfgggar y %c%ﬁ@ @)é:o@g%ﬁgsi te priner
(and t hifsrrlgie Rplygueletidecindpr sopies ofmhe aomptmmnd dtsd;ﬂtempra'tdmﬂ}nucmﬂlﬂie ref fer ence
to "a c .S ! sinale strande ortion" enerally refers to
t he conp ex&%édo%gg?éé%lg%ﬁ APERRS e Seﬂ%%neg%d%bbm%ewgéw nressncerdia i s
cl eave?cor@ﬂ%ﬁbﬁ&e‘i‘ sauphepin théinbmednR Uomp1& s, ARTBIRRBESY coftpFIRI sty OF
may no .

a l&?\IA/DNA partial heteroduplex. The RNA portion of the partial heteroduplex generally

is introduced (via extension) by the RNA portion of the composite primer, and the DNA

portion of the partial heteroduplex comprises the complement of the RNA portion of the

composite primer. As discussed herein, the complex comprising an RNA/DNA partial
heteroduplex functions as a substrate for further amplification during the single primer
isothermal amplification phase of the methods. Generally, RNA in the RNA/DNA partial
heteroduplex is cleaved, generating a 3' single stranded portion with sequences that are
complementary to RNA in a composite primer (and thus forming a binding site for a
composite primer). Thus, reference to "a complex comprising a 3' single stranded portion”
generally refers to the complex comprising an RNA/DNA partial heteroduplex when its
RNA is cleaved.

[0085] A “complex” is an assembly of components. A complex may or may not be
stable and may be directly or indirectly detected. For example, as is described herein,
given certain components of a reaction, and the type of product(s) of the reaction, existence
of a complex can be inferred. For purposes of this invention, a complex is generally an
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stable and may be directly or indirectly detected. For exanple, as is
descri bed herein, given certain conponents of a reaction, and the type of
product (s) of the reaction, existence of a conplex can be inferred. For
purposes of this invention, a conplex is generally an 25 WD 2004/ 092418
PCT/ US200@ 2042732438 i ntermedi ate with respect to the fi PET/GS2PIARTTAL I on
product (s). An exanple of a conplex is a conplex of conposite primner

ext ensi on product and second conposite primer extension product, as

descri begtehfdd@it@withQO§RL: 1 thO BRI MplifRAtiod SIBHANS). Aﬁ%ﬂaﬂa@% Rf g anpRAM v
herein, of a polynucl éotide or oligonucleotide is a contiguous sequence of
2 or norsoppixof compesiteprimabexdension product and sgcond compasite pomei extensigreast
about a&x f,3 .5 .éqi -15, 20, 25 or nore contiguous nucleotides. [0087]
A regio ,‘ﬁﬁ??$8ﬁ?n Fd Ber§Mence which is "adj acent” to another sequence

di rect| yogdsyt s t hat <peb@Nor REGibA,L isePintcrSIHABEHLS hdrbih, ST icledldEHA
portion which is adjacent to a 5 DNA portion of a conposite primer

di r ect | yligbancleotidais a eqritignouy ©q8d@ice Af 2oz aware basesri kot atherembodimendss genbl age of

comone oy o 0 e bRty 0 10550 630 bR 3, TP

"the", gheleblid®s! i ke, unless otherw se indicated include plural forms. "A"
fragment neans one or nore fragnents. [0090] Conditions that "allow' an
event td0&¥dur or Actagiin, porton drsequense vehich sihdjacent oo aapthewsequence occur,
such as bridi Lon. .strand extension,-and the || or ."suLtabl e"

condi 11 ditsety SEShaf Beigh POREe SrsEe; EOLRamaf. mt KR Biriof MBI r i ng.
Thus, t h@ieenté®A8! DINAPoRRIGf . cofpOsiRCHimérditectly ablls thanfbgiun. ar e conduci ve
to the event. Such conditions, _known in the art and described herein,
depend U8088] for &xsiepetion mixdurgAis Ancassgmblage ofpgaipenentsavhiely yader suitable

. : i T Dy wh
Loane" 2 hfrioft ool ol Bhm GUMIATHINES Be RALART 3h30: ABRAGGD N1

event is suc nsi on.
[0091] 3Jeopsgnce " A atanrand “d”pagidhé tikeiunless otherviisd ddivated Seduderpiaral
alteration in g .sequence of interest in conparison to a reference
sequencdorms. ¢y dragreit meansoreoragerediagments | d type sequence or a sequence

to whic W sh : K¢ S I nt : »mut at i on
L[o@ilﬁgl ' ﬁﬁdﬁx@g@m Sl S st wcuf&c%ﬁ(?ﬁ%)m that SEIUENRGR

i ncl ude nucl eot1 de changes, or alterations of nore than one
nucl eot ifckeari event teagman sech aflhybtidizadal) atrarshextensivn, asl the bike,i driftuitible”

e o ok b Bhatt el GRSy SRSk Suelootl de Pol g i om (SN

"array, "coaditisfesbrinitl eflHReE F8Alak, BRI/6) &te cHBRANRIVEIS 11 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
what event is desired, such as hybridization, cleavage, and/or strand extension.
[0091] 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 sequence, due to mechanisms such as substitution, transversion, deletion or
insertion. Single nucleotide polymorphism (SNP) is also a sequence mutation as used
herein.
[0092] “Microarray” and “array,” as used interchangeably herein, comprise a
surface with an array, preferably ordered array, of putative binding (e.g., by hybridization)
sites for a biochemical sample (target) which often has undetermined characteristics. Ina
preferred embodiment, a microarray refers to an assembly of distinct polynucleotide or
oligonucleotide probes immobilized at defined locations on a substrate. Arrays are formed
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surface with an array, preferably ordered array, of putative binding (e.qg.,
by hybridization) sites for a biochem cal sanple (target) which often has
undet ermi ned characteristics. In a preferred enbodi ment, a microarray
refers t VQR04E8MAH| y of distinct pol ynucl eotide or ol pgousziogotazte probes
I mobi | i zed at defined | ocations on a substrate. Arrays are fornmed 26 WO
2004/ 092418 PCT/ US2004/ 012779 on substrates fabricated with materials such

as paper on Ghikdtes RIbAShted wiff: Haterifl® Fé[o‘?{e&% %‘P ass, B%%tgégﬁeggyoﬁ%%é%?‘lg ’

pol yacryl am de, nitrocellulose, silicon,

s:n t abl lenxlonsi pplxs:ty_rm)a‘ Papddrylamitfep n'rr?topeliigdsecsiﬁa_ﬁdrg U?@%l 'ﬁBera)rlahﬁBﬂxé? ( g. g.,

gl ass pl at.es,_ si.Licon . chips) or three:di nensignal (e.g., pins, fibers,

beads, pﬁ‘?‘ﬂ%ﬁ 88951 OH?P&OT%P et 1aed cenfiguredinjaglanar (e glassmiates siliceR obes

form ng tligs)ah Ha¥s Lo t te.hy. u . of ways
5)3 HaYS diiiohsioRaPle ga,gdlfféjé _ﬁ“go?r,s, ﬁg%gﬁfbgﬁfeﬁié% &&?{m@ﬂ%ﬂ E’%ﬁﬁ%g?)

including (i) in situ synthesi sity ol'igonucl eoti arrays)
usi ng phutigutationg Peqbies ormingithequeys fme be affmtied tethe aibsiraStiyng aumb&o1) ,

251:767- (43; R ~al .. P . Natl, Acaci Sci. US, A (1994),

91: 5022- é%‘i‘%?{s lﬁ‘gﬁ‘ﬁﬁgt@ ?’éf’hé? . fﬂ?C {&rle L@ﬁ%@ﬁh@fﬁ?@ycle?q@%ﬁyS)M%n3675; U. S.
Pat. No %&@ﬁ (Ra 18,; iqolth i tr b LNk i t
rrgdi um tS ghc%i%l\%ﬁ ensi ?t&?’?ﬁges égeDNP%ngreggg’s%l%%Qg9:19(51%12)5%357?2_? %’rwhalp{ ét(r)é%;alrllg]ul gse
(Schena 8roc. Ypl. MdegﬂieU(SL‘B 95994) 2905022750050 Lottt aletNadire Bibvechilogy

o 639- 64008 IHLgTE TS Tpat s SPlshos Ei558 750 aed SR 270 Gspottinglogesing
93: 1053 %atTdetfdh to lovi-tdnshry éi? KDB%\ prYBads QR phiAel &%@ociegllﬁﬁ(s)? Achdsret RES-

(1992), 20:1679-1684) an V%%Réﬁdm-bl otti'ng on a ny
ni t r ocel Mubdignce (IARS).H7PAGTATVO, elrvd, Netgee, Genegics (1986)) 1 4dK7-460;8halonEds .

1989, M | Py ' Manual., d.ed , Vol. 1-3,  Cold
Spri ng I—éﬁ%g"glrﬁ{oggog%t m6ﬁéﬁ9@% S?—}Pe?ng %1" ﬁ ‘5}: f@gl A?‘f”ggﬁ’s% al so be
noncoval @895)y 93:10585-112863} (iif) biytinaskifpMaakes 4 SonlierslivGRL1AGs. 75, (2o8A)Or's, by
means of_n e{#gi beg ,, or in a fluid phase such as in mcrotiter wells or
capi | | ar?(gg%gT bf”%fﬁ %nliﬂ thl@yngxp@a@a mityocalielpes ybaidizaiosuch as DNA,
RNA, PV nciBdne (S0bYe 1 8arlBbo LA, HAE] Y60 RAGLEADTIRRLYRERLLARS, =

ol i gosacchari des, s, tissues’and’any’ pernu

speci fi clllahyalBindedt, Alt B g@oldrfipriag Eaelsor [[286QRIry (OEldtSFifY Harborgeneypal | y
refers tlg) re&a\g\ ﬁr ositli on jn a .polynucleaotide or oligonucleotide 3
(downst rergﬁ?s o ARDEPREP VR E@‘%bﬁmB? 1HgR4 Q1 19 sybstratebydwbadizaienieuct eoti de or
ol i gonucdneRbrsds: mELRU maphiGid KR, 'oP in 2 BERGH ick Qi ign or .
position in aqg’orlnynucl eoat-éihdé ora ’glll;img%%ucl ehg%éi %gﬁgg ﬁ{rafocg‘?%tgra& 9"fo(r%om anot her
regi on cippleses i1bp prqbetm@le@dmpgbmalm muldicacidy suchlas DOAJRNA] PNA, arfd0095]
The ter rEDI\%A'b%ay fsh i¥hude prgtein%lgf;?e%ltiags}, oligc?saéc%NarAi\dgs?(r:etlis?tQésuesagn% any

permutations thereof which can specifically bind the target molecules.

[0093] The term “3°” generally refers to a region or position in a polynucleotide or
oligonucleotide 3° (downstream) from another region or position in the same
Iﬁolynucleotide or oligonucleotide.

[0094] The term “5°” generally refers to a region or position in a polynucleotide or
oligonucleotide 5° (upstream) from another region or position in the same polynucleotide or
oligonucleotide.

[0095] 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
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"3'-RNA region,"” refer to the portion or region of a polynucleotide or

ol i gonucl eotide |ocated towards the 3' end of the pol ynucl eoti de or
oligonucleotide, and may or may not include the 3' nost nucleotide(s) or
noi eties attached to the 3" nost nucl eotide of the sane pol ynucl eotide or
ol i gonucWéELPHE241Bhe 3' npst nucl eotide(s) can be pref ePEHUS2P4HH Boout 27
WO 2004/ 092418 PCT/ US2004/ 012779 1 to about 50, nore preferably from about
10 to about 40, even nore preferably fromabout 20 to about 30

nucl eot i #é&abquo6@eRors ipesfembly fiém-aBbift 1000 tabout40, &n TN pielaiaBRy from FhouRNA
ol ynuc 23R Ehet R BRGHIES) eoti e Located towards the 5 and of the

Poct eor 5“"?;& o 8RS PNA PoricR DN R el 2 AT Bt oo
pol ynucl ebt region|” reforiedhe poitioe.or Fgtobof apslynutiatiaebi edshicleaide

ot a0ttt RIS 5 fnd GhiRe Phlranelantilror cheonusleaBdiandaniy prmsotiotes.
[0097] "ihoR@Bthe sa&ndéﬁ&&%&ﬁé(sgglr RlofAdS bitadhBdlto thE KRl AR SR

i Q of?tgr oduct "
as used herein includes insi i cant, of de mnim ,"ﬂ%‘ﬁé f1y due
to | ack Rflymiclpetids eneligonncleotidd. Fhiectii mdst puclebile(s) CADBSPrefaralite GOROARGE W th

wel | est ' i nci pl ent |l aw "conprising” means "including."
Anpl i fi ch %’Z’nﬁ&’ ﬁ%’&%l’ ef%‘ﬁ‘@ thrqﬁ g\tﬁ‘%‘#dﬁ tp el 110.1ov6n msire praferablyfwmeatonb| es of
t he anpl20 {oebbutP0 miklebgdss. of the invention. It is understood that various
ot her enbadi nents may be practiced, given the general description provided

above. HIP7lexanp|‘@bsens? or Etsended of prayct andfipdsoftdetqetivier Fﬂ@iﬂﬁ(ﬂB as t hat any

of the ' | descri bed herei be used. Anplification using
a corrpogll&tggﬁgﬂre ﬁ%@ﬁ@%ﬁ@%ﬁpw{ Y npging {’T%%;ﬁep‘?;fﬁﬁiﬁldbﬁ toplagkpipignificant

pol yynudcewmhildtiorsof j26d§dd100] The i nvention provi des nmethods for gl obal '
anplifi ﬁéﬁin using a conposite Eri mer that is capable of binding to

mul ti pl es wi tARerordanse aith welbesiahlishesbpriniples ofatemht by MisApristhgRNA

t enpl at qn%gyﬁgﬁh&%p,i des. [0101] Generally, the nethods of the invention

I nvol ve two phases.” (a) conposite prinmer random hybridi zation, prinmer
extension and di spl acenent of conposite priner extension product by strand
di spl acectmaplificativarabods 60 iaveripPr | Sing a RNA/DNA  partial het erodupl ex

I s generated, and (b) conposite-priner dependent single prinmer

[0099] 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 provided above. For example, reference to using a composite primer means

that any of the composite primers described herein may be used.

Amplification using a composite primer that hybridizes to a multiplicity of femplate
polynucleotide sites

[0100] The invention provides methods for global amplification using a
composite primer that is capable of binding to multiple sites within template
polynucleotide, including DNA and RNA template polynucleotides.

[0101] Generally, the methods of the invention involve two phases. () composite
primer random hybridization, primer extension and displacement of composite primer
extension product by strand displacement, whereby a complex comprising a RNA/DNA
partial heteroduplex is generated, and (b) composite-primer dependent single primer
isothermal amplification.

[0102] Thus, the methods of the invention work as follows: (2) incubating a

reaction mixture, said reaction mixture comprising: (i) a template polynucleotide; (ii) a first
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| sothermal anplification. [0102] Thus, the nethods of the invention work as
- follows: (a) incubating a reaction m xture, said reaction mxture
conprising: (i) a tenplate polynucleotide; (ii) a first 28 WD 2004/092418
PCT/ 1JS200A2@3R92498 priner, wherein the first priner ispereeppResit® pri ner
that is hybridizable to a nultiplicity of tenplate polynucleotide sites,
wherein the conposite prinmer conprises an RNA portion and a 3' DNA

porti on: peivick) iGN RREBHERL s NABOLITRE A8y AT L A0 g dent

DNA pol ynerase (whic presen ?’tégqu’
conpri si 1 tasnlate phisouelpetivtbeites, Birain thenmnmeite it ENAnH R RN AR on

pol yner a cthwvities); .wherejn the incubation is under conditions that
permit co%gn%(%gi p@%??‘%@h ?%@ﬁﬂ‘“’ﬁ%@?ﬂtmﬁd’ﬁ!ﬁ@ﬁ%ﬁé endvEasRNA-and, in
sone enbd '@iaeﬁta)NAip%g,hg&g - of LR nsi.on _product from

tenpl ate g%l ynucl eot’i de, mé}%a’zgﬁeéim%ﬁgﬁa‘gmn%% O%Wbﬁﬁyﬁ)frt I al
het er odugPeRrisisg ethddMAettpendedt DNA polgmbrist agl RNAe@speh@ht INA P69 mesak d
reaction i xtUre conpri sin a&.ié.the reacqt_i_on roduct's generated accordi ng
to step f‘é@‘é‘{‘%p ‘E‘Eer&gl f‘q’&sgb RBASHIdFT conditions tﬁ%mt eampasiterprimentandpmmay be
t he sanehgridifgioh] ﬁxﬁheﬂ’é:dté&fon%hd,nﬁ%omg'eg&n ﬁ%@,;nﬂaé%gﬂ{t 'o@% éﬁ%fngege;%;

(1i1) an DNA-dependent DNA pol ynerase;
enzyme) EHERsIeN pradue frxtdmpiate polyRMAL @IS, Whibikbyla chplegicBmptising kncubat i on is

d ¥ it primer hybridization, 1 ext ensi on, RNA
R T T o
ext ensi oreactisrogixtire\ Woiprising (ﬁ%%xﬂfg%tfgggﬁéfﬁ%éf% RRALES p&%@? 9@%&5 é?f %I{m '

binds to the tenplate and I's’ 1 yrrultlprecopl
pol ynuc| d¥tuokthereg ik p compeyita)priags(Whichanayore the samb s the fiest geiner o gdy | n

. nbagh [ .. f st [ 1 ti
it ur o StefERlom 0Bk SRR Bl DN EcBterib R bobiirese: Gpagyan °0C' ' "
enbodi meagest (susht &pandarying) that éledies RNDY foheafRItAVHRA Pt hat

.a’ .
cl eaves RNA@fE.r om an RNA/ DNA  het er odupl ex (such as I%%fgge to the reaction
m xt ur e BFURAIGR 15 upder conditigns dhatpatnait primenhybyidization sreimdr axtengiohyRNA| eot i de

IS RNA, ' ' th | . t h
25 an eroymer” Tom AIREWONA R rodigie: Pl diklob i A BB RS PR (o)

Conposi t Bogedt edhen rita RdNdniswlbavied innd b athierotipokit AR 13 fisk t@h%l&t@é&% nt of
conposi t &8I | er e%enﬂ' oge (g)&)odu%t by strand displ acenent [01031 The
met hods ‘Gen éiFg’IW%Fr% TRt 19591 & pebinyrlegtidedgengrally, PN Avcameplifipational |y  a
RNA/ DNA Iﬁf@@mﬁtet n@fa'tela{'?rln SJ)IB @mi)b i h i A5 ARPL fd§ . gml)l?Et hOdS’
conposite pri rreg;é. is used t oe r andoa 3‘}&@?‘%%%&}18% are cg&%%@i#‘e oYae (such
as geno the rqaRfagn mpgture according to step (a) (or an aliquot thereof). In other embodiments,

step (b) is initiated by the addition of an agent that cleaves RNA from an RNA/DNA

heteroduplex (such as RNase H) to the reaction mixture of step (a). In embodiments in

which the template polynucleotide is RNA, the reaction mixture of step (a) further

comprises an agent (such as an enzyme) that that cleaves RNA from an RNA/DNA
heteroduplex.

(a) Composite primer random hybridization, primer extension and displacement of

composite primer extension product by strand displacement

[0103] The methods generally comprise using specially-designed primers, generally

a RNA/DNA composite primer. In a first phase of the amplification methods, composite

primer is used to randomly prime template polynucleotide (such as genomic DNA). By

"randomly prime" or "random hybridization", as used herein, it is meant that the composite

primer hybridizes to multiple sites within template polynucleotide. We have discovered

that certain composite primers bind a multiplicity of sites within template polynucleotide
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"randomy prinme" or "random hybridi zation", as used herein, it is neant
that the conposite priner hybridizes to nultiple sites within tenplate

pol ynucl eotide. W have discovered that certain conposite prinmers bind a .
multiplicity of sites within tenplate pol ynucl eoti de 29 WD 2004/ 092418
PCT/ | TS2DOZ8HYP348  (general Iy, under conditions pronmot PREUSBAHYRTYr i mer
hybri di zation) and are thus particularly suitable for use in the nethods
of the invention. - Generally, suitable conposite priners show parti al
honol ogy(generallyyuhdérpbnditivys pfon &gl rahidon pemer Bybaidiis S iHaneEthus
particularly_ in the 3' sequences of the conposite priner, and thus, the
conposi t Rarfclanty suitablgfor usedn the methods of the inyption rGensrallynsuitable compagitee of
randon . My [ antlcularly.under conditions
por it | P it bRl BlrfiloB o PRI Se i BBle A RERIREST composi < o
primers paticdaiyintibe3 fsaqudnees bﬂh@%mﬁ&lﬁﬁrhﬁ&,rérﬂuﬁuﬁﬂﬁ%hﬁéﬁéprﬁﬁeﬂ he
conposite primer and used in the methods of the invention are described
herei n. EWRPrsgsFhieast a & IgNAepartipn that i cepelie efandemlygiriraing template conposi t e

pri mer ' Qﬁﬂm . J nvention. i Ll.ustrated in
the Fi Sﬁ‘?@u"%‘éﬁg‘% rrposﬁ pr@%ﬁé@%‘ﬁn%ﬁll%grg}smjég °’Bé’Pf’feB y'?ﬂdl?at% 03 end
.and an $iéctioniahd desigit of ddnspdsite Prichersis dedcaibud ArthelBslewN, it is al so

possi bl e_to enpl oy a.conpgsite priper in which the 3 DNA portion is
foll owed[,mﬁﬂ t he dY3iusicgibodiments obthe comppasiterpimes and ugad inghg wethpds off of | owed

by a pori Al ' F}Iy@a I h ect |
gener al It%/lk3 ﬁgg@%ﬂﬁ (l‘ai?fc or In%-%ﬁlrm%&%% [ jeéﬁ%goﬁ”tuﬁgﬁgsﬁ%% |]%:°§?I|§ %ﬂrg .%f?n sonme
enbodi mesvngposithprimenuspiid in thepnethipds dftthé pleydit indicAten. t As lIRKGLeEd pohynucl eot i de

and the gconposite pri.yrer, used durin I ngle priner i sothernal .

anpl i 1 CIBHnIAS FRmPAReLiAReT QOILISAEA PNGLBIHER LS 1 Iad apdhBNA ROTHPR Mer ¢ hat
hvbri di zese : . : ) ' o duri
ybri di zgss bad.t A 8Rbus8e ¥R, 8% hEE paRtbid &%ﬁ%ggg@&%?gﬁﬁg flich 4T ! 1O

single priner isothermal anplificatfon are rence to a

priner tthad' BNAdwriion/isfoldiowed in the direstiqueditses',(lyran RINAl miréign, whidhdspasses
nbodi L0, Which at .l. t ti f.th ' I.s hybridized,
vel 1 s Py Rued ol piof oSt R PRAT ineifiesh o ash oF fiese soctiomerearab.  Thus,

and as tdserf@fdfopinhAhuniBiRercl @fthe ASfIFTEAGE ThQomeRkibMImddiahdybr i di zes
to a sequence, enconpasses enbodinents ‘in which at | east a portion of the

pri mer i%mNeBie primethathyheidizes so tangsd oolyeweleotide anth ichcomposit¢ primemised

portions ' ri.di zed, separated by unhybridi,z (1 ooped
out) po‘%‘f@%ﬁgé%‘ﬁ{rhéeﬁéortﬁ%a?%%Rggg%’&ﬁrﬁﬁﬁtsgm?h m%el{%%‘{‘@ﬁ?tf’r e prinmer is
hybr i di zesthpobkite priraerethg ybridizgs tetarget pblyatdlestRie add Sid @nHosREIP@BEL e@r | MET
that hybridizes to, multiple positions on a tenplate polynucleotide where
differirf Singlsriner is er&!ﬂiﬁ%@-lﬁéﬂt}wraﬁ‘éﬁlf@f@t hybri di zed to tenpl ate

pol ynuclgepsjde deneddinS 8% pritfesthlbit BBYGMLS 18 a Wahbike! (br fefiplate)

encompasses embodiments in which at least a portion of the primer is hybridized, as well as

O

those embodiments in which an entire primer is hybridized. Thus, and as the description
makes clear, reference to a primer that hybridizes to a sequence encompasses embodiments
in which at least a portion of the primer is hybridized as well as embodiments in which two
(or more portions) of the primer are hybridized, separated by unhybridized (looped out)
portions of the primer, and embodiments in which the entire primer is hybridized. For
example, Figure 2 illustrates a single composite primer that hybridizes to multiple positions
on a template polynucleotide where differing portions of the composite primer are
hybridized to template polynucleotide depending on the site (sequence) at which it is
hybridized. Thus, according to the methods of the invention, only a portion of the 3'-end of
the composite primer must be hybridized in order for initiation of primer extension by
DNA polymerase. In some embodiments, for example, only 2, 3, 4, 5, 6, 7, 8 or more
nucleotides of the 3' end of the primer need to hybridize in order for primer extension to be
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hybri di zed. Thus, according to the nethods of the invention, only a portion
of the 3'-end of the conposite prinmer nust be hybridized in order for
initiation of pruner extension by DNA pol ynerase. | n sone enbodi nents, for
exanpl e, VOMRap4/D92488 4, 5, 6, 7, 8 or nore nucl eotides périghfoedorend of the
primer need to hybridize in order for prinmer extension to be 30 WO

2004/ 092418 PCT/ US2004/ 012779 initiated. It is understood that

hybr i di zanitisied.oft i$ teleRitooiDmit HyBFHiZARRbf hE S SO L i
stabilized to v rth%Hs ext ent s}@gy further hybriﬁﬁgg%@gorﬁ%%é@lﬁrpootsﬁgﬁmggl}tion

of the PVt to yarigus gstents| bydprther hybtidiaationifenviler pagtion dfthe

porti onshrind %Q@kwﬁ - C i ncl.uded duri ri hybridi zation to
enhance })re gr stabi [ | Ze?osqi)glrt%qaugio?ﬁ.{t,gﬁmggpr%hwggqgg, &rﬁﬁéﬂ}/ JeTATe i at i on
of pri mercareht mobided durimpchritiershybsitiltibn ZAdihaRbeqh. gl Slabitize) lg%ﬁﬁizqﬁmf on.
101061 Random.hybri di zati.on of the conposite priner to tenplate

pol ynucl SGPPerie PREIFE b¥ iilatimnefpsimgr eatensiondintl itissstalslizitioniof grinendom
(nonspechfbddizdiohMer hybridi zation. Such conditions are well known in the
art and include: decreased stringency during prinmer hybridization and/or

primer el@186ki on (Ramdundh}’lgidiﬁa@éﬁ%@tﬁﬁd&ﬁfﬁﬁ%ﬁ&‘%@’t&ﬁpl%?ogfnu%@%et i ons of
reduced stri qg{enc‘i‘)ﬁ; onposite primner selecti'on and/or” design I scussed
further BEIEER)CCUs ynde fonditions prrmitting asndomsmphspeeificprimaer ydtidtmtion.t i s
under st o8gcH 4 NaTeTc g TRV oLE L di.zatian,.co site prinper selection
and/ or pri rre&rﬁgglr?%&eélllter at | onVérerzatn)}la%é.(@a{]‘IJt %%%G{uge'c%ﬁeﬁ wp}fgegyyeﬁﬁww

conposi t bybsidization aydiot phimert éxtsnsioar(thclittiss tedu®@MhSratufOMI @Baend/ or
represenéoat k,on o% te%%%e sequences .in anplification product. As noted
above, afquoRsPLpsdue BRFEAY; eQTpestigipsimes sdeation apd/or design/(@isicnsgedr i ner
ext ensi oﬁumelqgagﬁh;agglg&ﬁ [ ' Si i ners hybridi zed
at downstream pos)i tion( S?O%tﬁp?%er%%%ﬁé}pxﬁﬁé%gc&sﬁ%éggg)% &ﬁ%r’éﬁﬁgﬁf’i#ﬁon

pr ?)duct sStepgengy ebhyhuisiv aﬁﬁm,monwpitapﬂmptéde%f{wm? aﬁﬂéni&l:[merl?ibgé@?ﬁbbﬂglig%pm
ol yner t hat possesses stand displ.acenent activity.
gorr%;osi f‘%‘é % lrt?%‘eﬁ?l%ggﬁg%ﬂluﬁ%fgroﬁP%P#ﬁf%ﬁkﬁ’g?‘g‘é%@nélﬂcbwuéfﬂﬁ@i@ | acenent
of_pr i nesovesse asl/orepesledion hpRAedh IR SHENCHRR Y Sk NAgRARRAL  on of
ia odu

a multiplicity of conplexes conprising a par eter pl ex. The
conpl excPo¥EABARESt phihe invsptiesisslisplanepieat of ipfotveninglpeinter eeteasion prodaetpi es of

the conpy i ' sequence .appended (via extension) to
conposite p |ri)ErrltIaﬂr%fr gg%%%%gg{;&% r?gﬁ? B?mgggqy@gdgggattc&%‘s%?aén 88?19'?9&@ AbEde and
copi es dtmplate, vhembe prnter ettehstorppdacty Sleydistidce® %ﬂﬁeﬁg%@g&%&c\féﬁd .
ext ensi ?g}%ﬁt% t hﬁggf‘grrp enent .of conposite priner sequences.” Gener aFI y, the
RNA por t'i ot Tl g gﬁb[nggaqegs PsedrtBeinossssisy stand displaparsént ectivitymer . [ 0108] In
sone emjo7ENt s, (WRRRISAE bﬁﬂeﬁanﬁ@ﬁﬁlyﬁﬁ&i%at‘f\o%%fﬂnse} Qﬂer%io%d%lacement
of primer extension product by strand displacement results in generation of a multiplicity of
complexes comprising a RNA/DNA partial heteroduplex. The complexes comprise (a)

copies of template polynucleotide and/or copies of the complement of polynucleotide

-

sequence appended (via extension) to composite primer sequences; and (b) copies of
template polynucleotide and copies of the complement of template polynucleotide
appended (via extension) to the complement of composite primer sequences. Generally,
the RNA portion of the complex is introduced by the composite primer.

[0108] In some embodiments, generation of complexes comprising a RNA/DNA
partial heteroduplex involves the following steps: (i) formation of a composite primer
extension product; and (ii) formation of a second primer extension product by primer
extension along the first primer extension product. For example, in some embodiments,

. complex comprising an RNA/DNA partial heteroduplex is generated as follows: following

random hybridization of the composite primer at multiple sites on template polynucleotide
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partial heteroduplex involves the follow ng steps: (i) formation of a
conposite prinmer extension product; and (ii) formation of a second priner
ext ensi on product by prinmer extension along the first primer extension
product . _For exanple, in sone enbodi nents, conplex conprising an RNA/ DNA
parti al WQt%VZ%ﬁ%BeX is generated as follows: follow nPCHBREANA12779
hybri di zation of the conposite prinmer at nultiple sites on tenplate

pol ynucl eoti de 31 WD 2004/ 092418 PCT/ US2004/ 012779 strands, a DNA

pol yner : e&NA pobenerasepuénds ther domerosis plglgelt dae?]g mﬁ}ﬁrﬁﬁl@te%frmd

gener at i : rimer extensio roduct that is conplenentary to
the pol nﬁ%}%@@%@b{’ﬁgﬁ%rg{lg qnaw&_pnggpqc tis cowplomentasy todhels to and

di spl acemiptuisodde beiphge e MateldikiehictRhds N AEE dlpipsigpan sites
on the tenplate. Thus, as noted above, an aspect 0 e 1nventiorris

di spl acesided fromprners hybydiged atarpsissane sitisan the tethiptdte. dUkus) @ naqdéd 4BKve,

ext ensi | Qri.mers hybridized at downstream site(s) on the

t enpl at cel#l.ag c@?ﬁ@g%‘%ﬁ% B S@P‘f‘%@ﬁ“_t 8§P§ﬁﬁ§?%?g mram@srap@r‘zﬂ(ugédm from
t enpl at eprimdrerisation of %npoﬂe%&ré”hyﬂﬂdi@dra@fi@@n ehﬁ%ﬁte@IBﬁ BRitQiplafcO™
conposite prinmers that are hybridiZzed at nultiple sit on a 1.grrpel’ate
strand, &Y compomiRBiimer prtension predenisire displasedifibm templas ickpliaced by
pri mer Is QS t rimer hybridized at. a downstream site(s)
AR LS T R e M SR R
the conysites 6rea feriplate strael) wReea &dmpdifte PrimRP Suteh i ;%’:@Bﬁkﬁs' ﬁ%@ir?%'diéﬁ?ﬁeﬁ’o.” I on.
Al t hough for conveni ence, reference iS made only to "a" conposrte priner
ext ensi OH HSO¥d g¥ensipr fiom 4 perapesite paimein Aybridired atiaplomaistrgam sife(9@mposi t e

primer gxhensipdnproducts are generated the conplenent of a multiplicity of
-tenpl ate polynucl'eoti de sequences appended (via extension) to the sequence

of the [@H¥osi teDisplmd.qoﬁip@sﬁwpﬁméﬂmwuo@c&ﬁbﬁ%%@&ngj Sﬁﬁgﬂ%&i te prinmer
ext ensi on L@rod c{‘}téqs , cmrf sin cgr"r?%{l)m te primer 1 link (§) ( extension) to
sequencé&&d Bﬁepqlii A GhgHEe uémggh% AgprtipnmAlthopigh fortopnudnienze greference

pol ynuclieghi&isht é)%r]]g | ' G C osi e, primer. extension
product 1as a te%p&ﬂ;h?g,g Secon Lrép#‘linﬁgp q’%@@@ﬁéﬁ%ﬁ“ﬁ%&&‘i@a&%w&ﬁe&% ary to
t he fir of cgmposite prxtee asicosiop poducts atesgeieratidahe Gomplémet SFaSh@fphdityof

DNA- depen t ol rase al on he DNA portion of the conposite pr i mer
ext ensi 2#9@&8&%}1&8?%&%?%%%@%9&%@ (Redstony i the srauepest ofithe ase  al ong
the 5 Rdiipesiteiprigder OFi ROPOS | | l: t epnerating a
doubl e st Ir)e_md_ed C(gnp}éeug@?:gnpr i i%:(%lgécglk%o&%%@%ﬁ%ﬁe&%?ﬁﬁ? rg%a:?s

Gener at PRRPBING erapesite primnsd. linked thyi etension)l tocdequancedeornprisiigniher i ned usi ng

the co | ) . depi.ct ed i Figure 5. Alternatively, second
pri mer n’g()g()@ ltﬁgﬁegt:\d%f{(}Idlllj@fhcﬂgffgaé‘g%ﬁoB@b“’lﬁ&“ierﬁ?%@ncéﬁd of a

[0110] Using displaced composite primer extension product as a template, a second

primer extension product complementary to the first primer extension product is generated
by extension by a DNA-dependent DNA polymerase along the DNA portion of the
composite primer extension product, and extension by a RNA-dependent DNA polymerase
along the 5° RNA portion of the composite primer extension product, generating a double
stranded complex comp'rising a RNA/DNA complex at the end. Generation of second
primer extension product may be random primed using the composite primer, as depicted in
Figure 5. Alternatively, second primer extension product may be primed by the 3' end of a
different composite primer extension product. Additional embodiments in which second

strand production is primed by exogenous (added) primers and/or by fragments of template

RNA (endogenous primers) are described below.
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different conposite priner extension product. Additional enbodinents in
whi ch second strand production is primed by exogenous (added) priners
and/or' by fragments of tenplate RNA (endogenous primers) are described

bel ow. 3WOWD20@41992418 PCT/ 1JS2004/ 012779 (b) Si ngl ep@fiyiRioa/bloher nal
anplification using a conplex conprising an RNA/DNA partial heterodupl ex as
a tenplate 101111 In a second phase of the nmethods, ternmed single priner

i sothermal  applgifdiC flimB isofbEn I WBI B . EQMREL S ng gn RNAJDNA parti al

het er odupl ex iI'S a subs t Fc Wws: an
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2,918. Figure 6 shows anplification of DNA
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conpri si rigt al heterodupl.ex). co | sing, generally, the
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hybri di hgterashiplsk as a template for further amplification (also termed single primer isothermal
amplification) generally occurs under conditions permitting composite primer
hybridization, primer extension, cleavage of RNA from an RNA/DNA hybrid and strand
displacement. In so far as the composite primer hybridizes to the 3' single stranded portion
(of the partially double stranded polynucleotide which is formed by cléaving RNA in the
complex comprising an RNA/DNA partial heteroduplex) comprising, generally, the
complement of at least a portion of the composite primer sequence, composite primer
hybridization may be under conditions permitting specific hybridization. Thus, in some
embodiments, the reactions conditions permit stringent hybridization (i.e., hybridization of
sequences that are generally complementary). As is evident from the description herein, in
other embodiments, the reaction conditions are less stringent (i.e., permit hybridization of
sequences that are less than fully complementary).
[0113] Generally, the methods of the invention result in amplification of a
multiplicity, a large multiplicity, or a very large multiplicity of template polynucleotide
sequences. In some embodiments, essentially all of the template polynucleotide present in
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sequences that are less than fully conplenentary). [0113] Generally, the
nmet hods of the invention result in anplification of a multiplicity, a
large multiplicity, or a very large multiplicity of tenplate pol ynucleotide

sequencgg. In some enbodi ments, essentially all of the tenplate
pol ynuc'¥82P Y& B 8sent in 33 WO 2004/ 092418 PCT/ US2004/RSTAS204/013739 nj t i al
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generally be produced that is the copy of tenplate polynucl eotide (sense

copy) améprelieudentisleenent of the tenplate pol ynucl eotide (antisense copy).

The ampla{f{qgati on . ifferent senses gan ,be. eal orm a
dounr o 10RO POt Eftehicfte Wit R maB 8 R bab A RelRRi BB A

prevent @ﬂbduwmﬁﬂﬁﬂeﬂﬁd@@tﬁﬂramlﬁiﬂéapmeﬁéa&eﬁﬁzaé&lﬁﬂﬂhret&s&[s@@ﬁ&e a mxture
of -singl e,strandedwgrrpl_ification products. _The angI i fied products nmay be

of di ff 8RILITES LRSS 2 givpniisplate palynugiegtide. Foromample, ifdbetempliton and shown
in the : 9(?& | ' L.t e-priner
dependegtégﬁ'?ﬂg?u&leg,gdgi%?l | gg{l P(%\?l&’letgé %?ﬁ%{;)asleF@é%u%ﬁ%ﬁﬁ%éeg%@g r;[g a%t* t he
conposi steak ilfithe. templa@®lridynuiicotite isssinglé sichnidad (41 sSRNedrostiglesitmded| | st eps
are 1s Ob%l&)r,marlnpfihgantorﬁ%rg(?&% will generally be produced that is the copy of template

polynucleotide (sense copy) and the complement of the template polynucleotide (antisense

copy). The amplification product of different senses can be annealed to form a double
stranded (or partially double stranded) complex, or can be prevented from annealing (or
subsequently denatured) to produce a mixture of single stranded amplification products.
The amplified products may be of differing lengths.

[0115] As is evident from the description and shown in the example, the methods of
the invention are composite-primer dependent. That is, amplification is not observed in the
absence of the composite primer.

[0116] As illustrated in these embodiments, all steps are isothermal (in the sense
that thermal cycling is not required), although the temperatures for each of the steps may or
may not be the same. It is understood that various other embodiments may be practiced,
given the general description provided above. For example, as described and exemplified

herein, certain steps may be performed as temperature is changed (e.g., raised, or lowered).
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that thermal cycling is not required), although the tenperatures for each
of the steps nmay or may not be the sane. It is understood that.various
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DNA- depen &l ent
step (b) (i.e., single primer isothermal amplification). In this instance, the different
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composite primer comprises sequences hybridizable to the 3’ single stranded DNA. portion
of the partially double stranded complex (which is generated by cleaving RNA from the
complex comprising a RNA/DNA partial heteroduplex). Generally, the second composite

primer comprises sequences overlapping with the first composite primer.

Amplification using a composite primer that hybridizes to a multiplicity of template
polynucleotide sites and auxiliary primers

[0119] In another aspect of the invention, auxiliary primers are present in the
reaction mixture comprising template polynucleotide, composite primer, DNA-dependent
DNA polymerase and RNA-dependent DNA polymerase. As used herein, "auxiliary
primers" refers to a population of random or partially randomized primers. An example of
auxiliary primers is the random hexamer primers used in Example 1. Inclusion of auxiliary
primers (i.e., population of different random primers) during the amplification is believed
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DNA pol ynmerase and RNA-dependent DNA pol ynerase. As used herein, "auxiliary
primers" refers to a popul ation of randomor partially random zed priners.
An exanple of auxiliary priners is the random hexanmer prinmers used in
Exanple 1. Inclusion of auxiliary primers (i.e., population of different
random pMOROEI241% i ng the anplification is believed 35PUOUSBOHINRIRA1S
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si nmpli ci use of guxiliary priners is describ
[M/ZI] IH§MIOH of auxiliary primers (i.e., a population of different randém

primers) during the amplification is believed to enhance the efficiency of production of
and/or coverage of template polynucleotide. Without being bound by theory, it is believed
that primer extension of auxiliary primers increases displacement of composite primer
extension product from template polynucleotide and/or primes generation of second primer
extension product. Figure 7 illustrates primer extension from composite primers and
auxiliary primers that are hybridized at multiple sites on a template strand. Figure 8
illustrates generation of a second primer extension product primed by auxiliary primers
hybridized to composite primer extension product.

[0122] Although for simplicity, use of auxiliary primers is described only in the
first phase, random composite primer hybridization (i.e., step (a)), it is evident that
auxiliary primers may be present in the reaction mixture for the second phase of the

methods, single primer isothermal amplification (i.e., step (b)).
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first phase, random conposite prinmer hybridization (i.e., step (a)), it is
evident that auxiliary prinmers may be present in the reaction m xture for
the second phase of the nethods, single priner isothermal anplification
(i.e., stwp20dajop24186 WO 2004/ 092418 PCT/ US2004/ 012779 E,gc};{glmm J799 €vi dent
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(which mayddee the same as the conposite priner of step (a) or may be a
differe conposite primer), a DNA-dependent DNA pol ynerase; optionally,
auxi | | a%l%ﬁii mer s :In Pre shbediments, theape edseofhssinretion operaterasHlbovBRARNY br | d;

wherein; j: - [ I 1} hat. . perm.t I_ner
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(i.e., a population of different ra
composite primer hybridization, auxiliary primer hybridization, primer extension, and
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strand displacement, whereby a complex comprising a RNA/DNA partial heteroduplex is
generated; and (b) incubating a reaction mixture, said reaction mixture comprising the
reaction products from step (a) (or an aliquot thereof); a composité primer (which may be
the same as the composite primer of step (a) or may be a different composite primer); a
DNA-dependent DNA polymerase; optionally, auxiliary primers; 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 from an RNA/DNA
heteroduplex, and displacement of the primer extension product from the complex when its
RNA is cleaved and another composite primer binds to the template and is extended,
whereby multiple copies of a polynucleotide template sequence are generated.

[0126] Inclusion of auxiliary primers (i.e., a population of different random
primers) during the amplification is believed to enhance the efficiency of production of
and/or coverage of template RNA. Without being bound by theory, it is believed that
primer extension of auxiliary primers increases displacement of composite primer
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primers) during the anplification is believed to enhance the efficiency of
production of and/or coverage of tenplate RNA. Wthout being bound by
theory, it is believed that priner extension of auxiliary prinmers
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ri bosomal RNA, and total RNA). It should be understood that tenplate RNA
i ncludes coding and non- coding RNA. The sequences can be naturally

occur r i n§oBPoREds md reaction genditionsiesed in thermyetheds effthe iientiore| oned nucl ei c
fragnents of interest. [0130] The target nucleic acid can be only a m nor
fractionT%pﬂtec Mplex. @i xture such as a biological sanple and can be

- : eic acid . . : .
obt ai ned=TToOMmT v uugluIO|Oglca| material -by procedures well known in the

art. Nuclegeihg, aci d n be .obtai from sourc ontaj ning . very.small
quantiti L@bg} nucl %n‘é@flﬁ ,acigdglﬁgéarg?tﬁ& & a@@ﬁ?‘? 1 ICrHACP ntﬁ"B &S Fomeany) s
patient source in purified or unpurified form, which can be DNA (dsDNA and ssDNA) or RNA,
including tRNA, mRNA, rRNA, mitochondrial DNA and RNA, chloroplast DNA and
RNA, DNA-RNA hybrids, or mixtures thereof, genes, chromosomes, plasmids, the

genomes of biological material such as microorganisms, e. g., bacteria, yeasts, viruses,
viroids, molds, fungi, plants, animals, humans, and fragments thereof. Preferred target
polynucleotide includes DNA (e.g., genomic DNA, including human genomic DNA, and
mammalian genomic DNA (such as mouse, rat,))and RNA (e.g., mRNA, ribosomal RNA,
and total RNA). It should be understood that template RNA includes coding and non-
coding RNA. The sequences can be naturally occurring or recombinant nucleic acid
targets, including cloned nucleic fragments of interest.

[0130] 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. Nucleic acid can be obtained from sources containing
very small quantities of nucleic acid, such a single cells, small numbers of cells, patient
samples, forensic samples, and archeological samples. Obtaining and purifying nucleic

acids use standard techniques in the art, including methods designed to isolate one or a very
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sanpl es, forensic sanples, and archeol ogi cal sanples. Obtaining and
purifying nucleic acids use standard techniques in the art, including
nmet hods designed to isolate one or a very 38 WO 2004/ 092418

PCT/ 1JS2oi2002/8%24%88 smal | nunber of cells, such a cell Is@f,h'gﬂg4/@r2749aser

capture mcro-di ssection. The nethods of the invention are particularly
suited for use with genomc DNA (e.g., human and other nmammalian genom c
DNA) , asgygl hudb 1. total,. RNA.or nRNA sanples).. Anplification of
an RNA target nay %e lgsgé%,l}pﬁ?egﬁg @ Prilaser pantur BNproxdjsTEFHam: rslﬁleé%e%%\nﬁ in

the art, ttohventionlainpastiqolirlyisanéd 7 usé HbigRANERUNA AP, Rufian LML The
target pol ynucl eotide(s) can be known or “unknown and”fay contalin nore than
one desi?“@%"%ag‘@’ég?fi%mﬁ £), &s well @s BN éng etotrl RINA er @BINA gagples)f whi ch may

be the s (i § m.each other... I.f the target | ynuc] eotide is
doubl e str gnggﬁ“?‘eé%a.ﬁ,mj%é%gﬁén%ﬂfea%c&gﬁ‘pmdg’?‘“Htl@c?g)&%‘é S&‘E%E‘%éﬁhmw RNA
hybri d, isutbhamdollewat bylaapkfidayioh ifiost the TDNAE synt hesis), the target
may firs@g treated to render it single stranded (e.g., by denaturation
or by cl éﬁge of fb&@mﬁmﬂdmdeﬁs}mmmmnmmwmmon may
al so be ' : 0 ry structure present (n a single

ot randedﬁﬁéi%gﬁf%%uf@%?la.él?ﬁpa%%fs.%rlﬁncsaﬁﬁga o abubicl marbeited DA
target pamery entdonregchtagherf [fthé tzb& jction
endonucl(&% gﬁgﬁ q@ [0132] e\7\V‘len thegt ?P@P%%%ﬁﬁg?%ﬁgf%gaﬁwﬁ\m t he
initial §%S ‘¥ Nifriardouhleisgandeg DY Adybridcuch as mprativsedibeficse i s
render i RgrahdED 4 £ L target. .nucleic idjs a
doubl e strandeggr(%ghe%ﬁﬁ@eﬁ f%??[ﬁgﬁtbsetugﬁgg%m gert‘ P st (6% PHn. The
_denat ur glenginrationjor hngleteags o therRNAqretior 6t DNABNARY bR EDerdiBiigsh known in

the art, as alkali treatment. |f the target nucleic acid is present
in an DI{TA%PF@&’ R‘i/%%‘%‘i,( Oyt rempve;sgpondaty.sirushiye preseatina single isoandsd tarbe hybri d
to obt aintolecul\. g SRNAG MY ¥metfasdd)8 A5 e EANS oW in
the art,_such e T her 2al treat Meat |£§#@§Nﬁ%3g %%}F%@c%ﬁ% %! eaves
RNA f r ofirgheleaned bronggionpig r¢guictonamdehiadenstnaymesl kal i treatnent, to

gener at gl e st DINA. en the target is RNA the initjal step may

be t he Tg?nz hesi s\gﬁéhgtﬁgltaﬁ%?tgog\'?’}‘glﬁ@é‘ge ’EM’ the. il gigp of theramplificajont hesi s

of cDNAof adarg@ckeiceacickstquihct s feh@erfiyl the ?dti‘%et Eiﬁgie déa 9F e t%xfgé‘é‘scri ption
a Specl ,

of RNA st rland L@%n%‘oa priner that binds Ic targe such as the
pol y- A BHFIFICEe1dds rdeyble srandedifds) SN A the initiglestepfoan betargetdeastamtion SEHIENCES.

oo AL ol YEOREEARIA 5l e RO
separ at esjatkalp freatiwent. d thel tergetafucRiNfacid e frbsent inHnTROA-IOPAABSidIES ?:P{icfﬁed
C\gir glh n c 51%8 %%;’ i)e cli\yl%angtlaoql ol%?:hg ﬂy%rgdch >é)btsa(i)rllJ art %)(IE\IA, %r ?eljrrrxcLJai gtg thg rRl\lIJX 2tlrjczruld ed form

using other means known in the art, such as thermal treatment, digestion with an enzyme

that cleaves RNA from an RNA/DNA hybrid (such as RNase H) or alkali treatment, to

generate single stranded DNA. When the target is RNA, the initial step may be the

synthesis of a single stranded cDNA. Techniques for the synthesis of cDNA from RNA are

known in the art, and include reverse transcription of RNA strand using a primer that binds

to a specific target, such as the poly-A tail of eukaryotic mRNASs or other specific or

consensus sequences. In addition, reverse transcription can be primed by a population of

degenerate or partially degenerate primers. First strand cDNA can be separated from the

complex of RNA and first strand cDNA as described herein.

[0133] RNAs can be from any source in purified or unpurified form, which can be

RNA such as total RNA, tRNA, mRNA, rRNA, mitochondrial RNA, chloroplast RNA,

DNA-RNA hybrids, or mixtures thereof, from any source and/or species, including human,

A

animals, plants, and microorganisms such as bacteria, yeasts, viruses, viroids, molds, fungi,
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RNA such as total RNA, tRNA, nRNA, rRNA, mtochondrial RNA, chloroplast
RNA, DNA-RNA hybrids, or mxtures thereof, fromany source and/or species,
i ncl uding human, animals, plants, and microorgani snms such as bacteri a, ,
yeasts, viruses, viroids, nolds, fungi, 39 WO 2004/092418 PCT/ US2004/ 012779
plants, XR20MPHAs thereof. It is understood that thBCRUS2W4A1HE codi ng
or noncoding RNA (such as untranslated snmall RNAs). RNAs can be obtai ned
and purified using standard techniques in the art. Use of a DNA target

(i ncl udi Piniearhitegmpets therepdt Jt is waderstood:that the RN tchbe &g oREdd Of t he

DNA targ ' r whi achi eved usi ng met hods disclosed in
Kum U. Sﬁ%@é‘%‘ %éaés%? Mﬁ%%& cgR he pbtained pad putficdusingn as
expr essi standard teehBljubdioMbe b, URE o4 DNA ﬂﬁ'%?t éﬁ%ﬂ;’@%@%‘g" Q@Mg%g i tself

generated froma DNA source (such as geno t)known in
the art Workiegdreigitial tiansadption Phthe N Aldargét RBIRNAKorRNGhigpirEse 0f genomi ¢

o sudit SRl plet S UiTodtlin BUBRY S e e el B8 B o Sather
targets. teimighcsqsivh BRpreBLIGH s}s’té_?ﬁ@)%h@ﬂﬁ%% LG wﬁ%ﬁﬂ st btﬁgﬁf Jean

be subj ect toin vitro transcription. ybr
requi re Hieganpmiaddionsa PNA sopteei(shichas gnahic RNA),NGIng Béth@RABSWR M he

or "ot her otk RIEL OX PRERSS £34100e” R A Roples oEpenapmie DRA Reddo B 6
gener at egaierajlydndltdenneethscridb se egt@ralﬂg IngBfouhd ﬁ?@%@%ﬁgﬁ%‘c the

I nventi on enpl oy conposite priner t conposed
por t i onsTEWBIRR R el plementsaetcs RiNAbirgets orap alsotbe genérated Sroshelvnedoar ti al

nucl ei ¢ Iofh; H&@‘ﬁl o a.multiplicity of genonic DNA_sequences,
parti cul %ﬁo;ﬂ/m?n tﬁg‘ﬁ%‘e sequag%%'éée%‘J?’Jetrgﬁeg[tf?dﬂﬁﬁg‘ﬂ%@mﬁ? 18y UsgeEa DI¥A yzed
usi ng st BNdanybridrmiléreuireidenatomtiad bsMe habaetd ShiaE a Fiile SXARRL RNACOMPOSI te
pri mer s& uJen(imbe gjzed as.a querﬁn\?equence in Blast, to searfch the
human gefBfUEaISRACHaed) BE transsriptiemef the IDNA strend tdabtimse RNy ohothsr a

manmal | apei®s lowraNAL )i Ly, e arch is . perforped using
search par arr%?girs sui t%j%[ftg iior ‘?‘%Fgﬁ%?’?‘iéa%i‘%i&%‘?ﬁg%ﬂ%ﬁwB‘P&%SW&%

stri ngene)A. alignnments, generally the least stringent conditions provided
by the program Such paraneters are known in the art and include use of

the NCBI Bl ast program for searching "short, nearly exact matches", wth

wor d si z@ormpokité iRt i ons pernmtting as few as 7 consecutive nucleotide
perfect matches at any position in the priner sequence). See, e.g., ‘

http:// ves4]chi . nhminbine@yésithe sivb R simie) 3 obh SR T ors WAL GV N VI EVE
of RNA and DNA portions. We have observed that suitable composite primers show

partial nucleic acid sequence homology to a multiplicity of genomic DNA sequences,
particularly in the 3' sequences of the composite primer, when analyzed using standard
nucleic acid comparison algorithms. For example, composite primer sequence.can be used
as a query sequence in Blast, to search the human genomic DNA database (or other suitable
database, such as a mammalian genomic DNA database). Generally, the search is
performed using search parameters suitable for identification of partial or "low stringency"
alignments, generally the least stringent conditions provided by the program. Such
parameters are known in the art and include use of the NCBI Blast program for searching
"short, nearly exact matches", with word size = 7 (conditions permitting as few as 7
consecutive nucleotide perfect matches at any position in the primer sequence). See, e.g.,
hitp://www.ncbi.nlm.nih.gov/blast/Blast.cgi? ALIGNMENTS=5 0&ALIGNMENT VIEW=
Pairwise& AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DES CRIPTIO
NS=100&ENTREZ_QUERY=>(none)&EXPECT=1 000&FORMAT _BLOCK_ON_RESP

AGE=None&FORMAT_ENTREZ_QUER Y=(none)&FORMAT OBJECT=Alignment&F
40




Pai rwi se&AUTO FORMAT=Seni aut o&CLI ENT=web&DATABASE=nr &DESCRI PTI O
NS=100&ENTREZ QUERY=>( none) &EXPECT=1000&FORMAT BLOCK ONRESP
AGE=NOne&FORVAT ENTREZQUERY=( none) &FORMATOBJECT=Al i gnnent & 40 WD

2004/ 092%WiB2004/09242004/ 012779 ORVMAT TYPE=HTML&LAYQUT= E%g@%ﬁ%g&
G =on&PACE=Nucl eoti des &PROGRAM=DI ast n&SERVI CE=pl ai n& A - X=16&SET
DEFAULTS. y=8 &SHOW OVERVI ENON&WORD S| ZE=7&END OF HTTPGET=Yes. Conposite

bvbr i 2SRRI P BT RS U i EReedibE g ARE G ogamidea
homol 0gy&PROGRAM:bie &S ER VCE— 3868 SRTEDEFA O T8> E'TOT%'E%Q)Lﬁ.WSt .

7 nucl eotides with about 100 genom c sequences,

tretch f
Zb(r)ﬁt C7(e)g’tsgEOWh@VﬁK\QEWGM&WQ&DLSIEESV&EMD_@F_HﬁP@mst Copiposiss . A
i t.es 0L MRl ' i.e.. lqwlevels of honol
ot hCt ar SR BEdrubbn e AMBAY ot ik BlEn RN Ot fandbinbrdridi el Merg e the
met hods mdlyrueteotids)edthtrally WRIBit hiphashriid] hBnBEIR9 Fite wilhehSHR! ?Ng b[ 01351 As is
a

evident fromthe discussion above, reference to a.priner t i nds
(hybr i diSfdeences. for eramplehomdlogy efestisichesyf Enulenideswith ebdan dDirgeriosnicn  whi ch
at | east | o) Is, hybridized, e i ments.in which two
(or noreDlgérS{%g{éér%ig Qé‘ﬁ {btaft?gﬁt ﬁ)lé ﬁgf’hee{]r‘tél Eﬁdiaaﬁ‘fgdert‘gg(ﬁg? SRTBRPSHG PHAWbr i di zed
(1 ooped Awbmppsitetprione with 4 ey RiIGIBEIqueARN(i.cSTRPRVAE Bfﬁom&og?w{ %Jg@ﬁ entire

, comoDn

primer is hybridized. In certain enbodinents, a 5 - portio y the
5' - nost §58PRIOHNAsequsnsen) slighnet faction; efficiently indls methddsefithe invantidrhehen

parti Cu'lﬁéd\r’\gﬂl% 6MNAtLﬁ Apt expect ed to randomy hybridize to tenplate
pol ynucl eot i de %conposﬂe Brlr'rers of this configuration are referred to as

"tail ed'[0p3SIners, Asiseeidentcfioe theodisduigion hibdve, refrert8 iy Rpliticz 8@t Bniger) - I n

-sone e | oent the tail portjon of the conposite primer is the entire
5' RNA%?#‘@%FSZ‘P) 3 $RGUERSR F@Biaﬁr)iﬁﬁ%?mpaﬁﬁﬁ?sﬁ,mbaé@@ﬂﬂtﬁ ingvhieh ateast aret hods of

t he i nvepkticHof (RS ] Is 7 osit.e pri.per nust be
hybr i di 260 or dié?h_n?r o’r@g?%#??%‘?%ﬁnﬁgwﬁﬁﬂng’?ﬁ%‘x@gﬁgﬁc ‘%ﬁp"n@"‘%ﬂﬂﬁ b er ace.

| n some Prigs etk Mgwidized (sepamsedrhyl mhybuidiyed®(lodded dut) porthons 8f @ piies), and

nucl eot i f the 3'..epd of the rimer,. must hybridize in order for prinmer
ext ensi Oi %%88%%&41 B ‘??a?lﬁlf @g_enqe Hrgn‘?fﬁﬁlb’%dé%g- i girtain, gEibodiments, 87 of t he

3' - nost postidn, 6smMbnlytRe SRR dkFord bF ﬁﬁrco@\ﬂsi rithét 3¢ Ji%s?g{h%dtsﬁchvﬁﬁétﬂ S
extents by further hybridization of anothér portion o e primer (wth or
wi t hout PRBISHIaRg -Petiondfis pot expeeed torapdemiyrhypridize tnisinplate Phpnyxddogider ase can

be incl g&gp ' ' ridization to enhance, (e.g.,. stabilize)
hybri di a1 i Q%H%?Q%‘S%pdﬁiﬁ _é’°%?%q’f‘}%tf°np"§? Fe?‘.}"’?‘?“gt?iaénta o I%?m%é’rm&fg@ﬁ%@n, and
thus, stlabidil’ adunbybridizef iprings). Milsoind ieadboli@ibnts, the tail portion of the composite

primer is the entire 5’ RNA portion of the composite primer. Thus, according to the

methods of the invention, only a portion of the 3'-end of the composite primer must be
hybridized in order for initiation of primer extension by DNA polymerase. In some
embodiments, for example, only 2, 3, 4, 5, 6, 7 or more nucleotides of the 3' end of the
primer must hybridize in order for primer extension to be initiated. It is understood that
hybridization of the 3'-most portion of the composite primer may be stabilized to various
extents by further hybridization of another portion of the primer (with or without looping
out of intervening primer portions). A DNA polymerase can be included during primer
hybridization to enhance (e.g., stabilize) hybridization of composite primer by initiation of
primer extension, and thus, stabilization of primer hybridization. _
[0136] We have also observed that composite primers that are suitable for use in the
present methods can be identified by conducting single primer isothermal amplification as
described in Kurn, U.S. Patent No. 6,251,639, using the composite primer under high
stringency conditions using a genomic DNA template, and observing the presence of a
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[0136) W& have al so observed that conposite priners that are suitable for
use in the present nethods can be identified by conducting single priner

i sothermal anplification as described in Kurn, U S. Patent No. 6,251, 639,
using the conposite prinmer under high stringency conditions using a
genoni c Wog‘g‘??ﬁf”a?t e, and observing the presence of a 4ACTAISZROOA20D2418
PCT/ US2004/ 012779 snear of reaction products as visualized, for exanple,
on a gel. Preferably, the genom c DNA does not contain a sequence(s) that
i s conpl ¥R ChFSACH Preducts apwisualizedrfoneramplerondig.i Pref@fbly the p@minic Of

reactio 0, ImtSing deneration .of a conplex mxture of product of
nul ti pl QD frﬁ%[ &ei(%:ég gF c%l gﬁtsg(,lue\’?fz‘g?)otgﬁt IS fompEReniagy to thegarpposits griggres t hat t he

i tRropducti fias'smemnd L ) | 0137] |
conposi tBroguétiverofias’'smemd @fkeachsn ﬁi‘oﬁﬁctg,eiurég@eﬁe% gfg%déﬂrﬁlégﬁﬁﬁ&e gr0137] In

anot her exg‘g#pl g uitiingl e _primer isothermal "anpli of a specCific

synt het i RFOf gbmusiinle siplecuiss weiights, eisible on atgal ared smdair dadibatbibhi e conpri si ng
a speci fd : r osite priner. I di zation) is conducted at high
stri ngendco;flnﬁloﬁﬁgﬁltelmglﬁ fegggr?]@gxlﬁgpnméﬁ%%gug Wﬁgcm template (e.g., 1-100 °
ng of hu6&37]genom ko dabiher eXaRiie S i . .t abl e f t he

met hods of _the inventi oanM_I I e%?%#@gﬁg%%ﬁﬁ?%?oggs %Je“ﬁ‘%m c DNA
on the ePpibeiietegetoligomeleotie (d.¢.catargst oligonindeoside compisiny Difeificiaict get ,
resul ti ' . A . or.greater.reducti.on of anplification

ef fici e%/é‘gns‘?‘ggg%’g?‘e‘% 89%‘%‘)‘%35’%}5%@@%5%@3&% FIEPESNCY 1B HHeRIEIEREC P t he
absence abfenge 06 géronidION A GdzSihte 8.8 AN OHP O anYeh Bl IS\NR?I gb@ ti:an and/ or
gener ati on of coﬂrgéosjte primer extension product” I's pronote @ use of
condi t i RS Rhe utteble firhe methadwod the inventipewiill dehoptraterystionh effdeiagt i on.
Such conghéh r | b the.art.. and are. . further discussed

bel ow, %%d |%(r:l]ﬂj§e&n egirgﬁeégtés%% gkﬂr}’l j'r@%%wﬁﬁswmyn:*?ﬁ?%g‘?ation :
and/ or _fresulfingsinrabont &100-fobd orsgréatacletatition oreipfitidat RRAsBIY R c%ﬂlgé.ﬁ:{d buf fer
condi tiQn ofwgreguce stri n%@?c?‘/g .such as reduced. ionic strength);
conposi tvgab"ﬁl 1eaLeR SRSy sArfusted ip thei absenagiof gemueid INAt her her ei n) ;
conposi {e138]i mer aaRdb . | resence ..or absence of an
agent ttrllatssgt abi | i zes %@ﬁhgﬁﬁzﬁzeé %HZ%Q?H &Cﬁ THEeREaHORLCOIRASHEr ase) |
and pr e PEASE CEENLHOR pracuctds pagetedbs ueofasndiiba ddained &\Smifi@nddgaper at ure

require t b tab hybr.i di zation. [t is understood that the selection
of reacgql?dc%lns%gglnl ?Pﬁ%’ﬁgkﬁmﬂ\{ ony, Sueh ¢aditinms aes welhknqwieintbeay, and acormposi t e
primer fiytirer diseadst®Belol shd BHASARES r e iGBLGSSAL At 1 on of

] b ed SR RO i b 1GBHARERE)

tenpl ate pol ynucl eoti de sequences in
Gener al PY/0% st eemgdsynihesis (in¢liding reduatd tenesitgreend/oo bifiatcohditions 65 NO

i | bl epe siBERY: @ GERANLed bl ifpgthl Sampostic mmesilggion i Anal ysi &
‘Sof t war desigmfaisvhbsed dinthier BeRl)9domposite primer and template concentration, presence

or absence of an agent that stabilizes a 3' hybridized primer (such as a DNA polymerase),

and presence or absence of agents such as DMSO that lower the temperature requirements

for stable hybridization. It is understood that the selection of reaction conditions may be

used to control the frequency of composite primer hybridization, and thus control coverage

and/or representation of template polynucleotide sequences in amplification product.

-

)i

U

[0139] Generally, the composite primer is also designed so that there is no primer-
dimer formation capability, as determined using software routinely available to one of
ordinary skill in the art, e.g. Oligo Primer Analysis Software from Molecular Biology
Insight, and references therein. One of skill in the art will understand that other factors
affect nucleic acid hybridization affinities. For example, any and all of the guanosine-
cytosine content of the primer-target and primer-primer duplexes, minor groove binders, O-
methylation or other modification of nucleotides, temperature, and salt are potentially
important factors in constructing primers with the requisite differences in binding energies.
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I nsi ght, and references therein. One of skill in the art will understand
that other factors affect nucleic acid hybridization affinities. For
exanple, any and all of the guanosi ne- cytosine content of the

pri mer - t ao4/e92g1g0r | mer - pri mer dupl exes, minor groove 1;81?&%&4/0197- 0
met hyl ati on or other nodification of nucleotides, tenperature, and salt are

potentially inportant factors in constructing prinmers with the requisite
di fferen ' i ndi na. energi.es. 42 WO 2004/,092418 PCTI US2004/ 012779

Anot her ‘5@@%‘ %ljr]fa&ﬁr ﬁledgeglﬁm%gaggﬁan%‘@{lg BEmersds Pieitrasrenerey persaetarsef ener gy
par amet ehybridizatiby 6f giter fquSite fndtir Yive! S’flg)% i s " of

hybri di zati on condi %i on?q Thg freé egg\r,]efsgg p rglme g‘?%c(&ggioxﬁelﬁeg#ﬁ%t i on of
a gi ven g pararagtersdorthe formtionl oby given hybisd miap bemalcalatet ®y atidthddsee, €. g.

Soi - Usap el Beb s adontss ol el oth G odtignd Fesiengd abrbroer
Anal ysi sN&gbidcadr Sy TS Iv8Epe30 53-8 9t ewglgﬁ%gg%anﬁa@gégﬁ%ggg@@s t herein),

and it is _possible to predict, for a gl uc enpl at e,
pri mer sepplEseSeftware fign Melachlar Bielogy Insipht,meé referencss thdreinyj@ad itds f or mat i on

f [ . | ill. b t. [0140] Th ' hould b t endabl
by DA g BES BERRE AL Epd alEpuuclsolileleutliie aihe spornsttenghish iy
pol ymer irz@jifddrﬁéesenmbﬂchkﬁgé‘é\%riiﬂnﬁﬁﬁ)n%ﬂvar)iéﬁ%@ﬁ%)%ﬁ?ﬁﬂ ,'[b%ﬁf!:t in PCT Pub. No.

W99/ 42&?} (]and references cited therein). e prinmer should
per ni t ef fi ciliedyimsrs shopld be edendobledly RNAymolhnérase. tGengatioh bAit cont ai ns

i fq ' - hi,ndi It . 0. th I { t
e’ pr 1 et pilfble PGk Y pllfnidalioh fs PHL IR SRS aficmieh soesegiodoo .
usi ng et ROTPubedlor Wi9D/42618¢and felfefencBabi€si therfind 5 GeRS S y,tEEhgp&ﬁéﬂ%‘ﬁamhe

primer is designed such that subsequent displacénment o primer
ext ensi é’ﬁ"ﬁﬁ B’lﬁ%‘é’?g‘ﬁwqyi of gmplifigation %é\/@}’(lﬁl@tii: targat thal coutaips s spewifpr prireer and t he
ext ensi Qfofbihdif RN | 1.Re. no, ep,can. be achi eved. In addition,
cl eavage gf' t heo Rme%:)’rtyi@éor{ﬂ%l he Arelﬁ{rlr%{rcgzg(%ﬁmw’ ?ro‘a‘ﬂ’a’i’ijer ads to
gener at ipsrmidtingamylification ofaboupt Bcud0® uhiheeihsdo@éscAbsaiatural B.Sf Phtent

i h

anmplifi ' by.the conposite.priper. It is understood that, in the
fol | owi %325235?? i ﬁﬁefﬂlgposg@,pg,négr isdegighed surbdthg sphssquensidisplrsementpd i e pri mer s

used i Mritdee eﬂateﬁsh@&lﬁr_oaﬁcttb%iﬂdiﬂg%é By ( 54 !

| ar | SLI:£S ri,hed may be
applicable to the priners™ if use lrolagfr)%{rl\lg&é{nécpn%%?t%?% |eng t he

pol ynuceisasie ofthe newipsimer by tqpapmembocandfe achiewpb SintddRicheslsdvape pf oduct )
and/ or i ier .isothermal applification as described herein.
[0141] fmny S Oégﬂﬁ%ngéﬁ t% REeieT %{‘Q?‘}S%Qé‘tPTB@;f% @f‘éﬂi © grueriipn pamplificatiant he net hods
of the pioivenihiohis nobalsubliuag fohBelififBS b}”tﬂﬂecébnil Bfimiet. Q5 Furet AR

I sot her mal ,aglti Li cation_ (i.e., ghase (b)). In %‘ﬁééﬁgﬁggl&h rrent%fss?‘%g first
and secHkh nHieripeewhg seetinmibatigenerplly describessaspentsiof the composite primers used

in the methods of the invention, characteristics described may be applicable to the primers

if used for hybridizing and initiating the polynucleotide amplification (production of

composite extension product) and/or for single primer isothermal amplification as

described herein.

-
-

[0141] In some embodiments, a first composite primer is used in the methods of the
invention, including those steps which involve single primer isothermal amplification (i.e.,
phase (b)). In other embodiments, a first and second, different, composite primer are used
in the methods of the invention. The second composite primer is used for the single primer
isothermal amplification step, and may comprise some or all of the sequence of the first
composite primer, and the first composite primer may comprise some or all of the sequence
of the second composite primer. In some embodiments, the second composite primer

comprises a different sequence than the first composite primer.
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in the nethods of the invention. The second conposite priner is used for
the single priner isothernmal anplification step, and may conprise sonme or
all of the sequence of the first conposite priner, and the first conposite
prinmer may conprise sone or all of the sequence of the second conposite
pri mer. WO 2¢d882448bodi nents, the second conposite pri mPCT/ES20301TES a
different sequence than the first conposite priner. 43 WO 2004/092418

PCT/ US2004/ 012779 [0142] For use in single primer isothermal anplification
and/ or q@ Site [HorkEsi WateH t ﬁﬁﬁﬁﬁ' HEQQEﬁﬁh rimer
conprisgsng? | east one E*ﬁ%%ﬁg??gﬂmgﬁgﬁﬂ?énﬁcapaﬁ*@ﬂggﬁfg? bin inéﬁ

(hybr i die¥tengipn pepdaictivgmations acamphsitesprimgércomprizesie deasbortei RINA ghrtidnethatde npl ex

f d f L.n th | i Si NA/ DNA parti al
het er odaracts SEERAERe ERbiRnEND o Ehens oh Hndlh sfarded Bmo Rt Btocuct
i ndepen@emple@;f(forhwarﬂydﬂea%geo&fmﬁ%tiﬂﬁ%mgqﬂei bRl 4 RNA/SRAUGRER on the

sane single stranded portion; an (b) being cleaved wth an ‘agent such as

a ri bonleteeedyplexhbin spipsembodiseentso on Iseconidpyineer extensionlprdpad) independSitef

i | ' the single strand ti, . ext ended
by D SSPIEFREo (e DA pirten) B olindei e Par s sRtitnd Rl oy ¢ he
RNA por (b)teif cledv@d Riith&{ adefit ek 8Y 8 dibeREede WHaR hyMidifedab dRa8MAe Whi ch

cl eaves RNA in an RNA/DN,E hybrid, such as an enzyne, such as a
ri bonucsEaRded pertian. sEhemampesity primers bind toghe singlostranded poitiony askarensi on

product _{ ' ARt a t abl i | i ng,.0of another .c site

or imor . BB pRi R e REIERPL partl o R i PR on

descri b®NAeogion,of thé‘b%-imafiﬁ Clehied UPonBhRECOWRR af A58HE Whtth@lchved RINAPRIZnl ON
ridization to a sequence on the 3' single stranded

that is le.of .h

portion Rﬁfm é‘éihﬁi‘li}é)écg acHn enpyme; such gy pribgnuclease (such as RNasesH), sihilgithe
strande -1.Q0: | r that. . i c_ack.d str that is
i s pi acSqEBpsme: SR bt relRly s, Wine MBS RN BF ARG, 1°,

r at i onacbmposeipyinest. based on well known factors that influence nucleic
aci d bindi affinity, sych as sequence |ength and/or identity, as well as
hybri di E‘gll[“rg’gn con%%lno‘?%&%?rﬁﬁeamﬁgléﬁ’meéﬂsm raplification, desedbedbherein, of t he
3" DNA By donfdsié plifBrAiRQad b ' idi ein
t he conpl ex (e.sg.I,) iqrthe se on%lggr?m;f\fépr*bgﬂogﬁi%%gﬂmﬁ%&gpggﬁ%%ag&é&gggver t he
hybri di sequenee aif the Bésihglastrayied posmauodithecomplek sudh thatrid hybridiatiali ®pthaced

ot o SCE SeGRiB SRR R BT o oA o e BRAC acid staad et B ioR B ) i t
the 3' - goh thecb@pldxdsy tREDNA BolyiielR6! Bsh PrithbRRhEbE AiohMS RisfenBE bised

extension. The 3"-end nucl eotide can be any nucl eotide or anal og that when
pr esent OR el known factors that influence nucleic acid binding affinity, such as sequence length

and/or identity, as well as hybridization conditions. In a preferred embodiment,
hybridization of the 3’ DNA portion of the composite primer to its complementary
sequence in the complex (e.g., in the second primer extension product) favored over the
hybridization of the homologous sequence in the 5’ end of the displaced strand to the
composite primer extension product.
[0144] 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 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 those that comprise at least one portion of RNA and at least one
portion of DNA. For example, composite primers can comprise a 5’-RNA portion and a
3’-DNA portion (in which the RNA portion is adjacent to the 3°-DNA portion); or 5°- and
3’-DNA portions with an intervening RNA portion. Accordingly, in one embodiment, the
composite primer comprises a 5° RNA portion and a 3’-DNA portion, preferably wherein
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prinmer, is extendable by a DNA pol ynerase. Cenerally, the 3'-end nucl eotide
has a 3'-OH. Suitable priners include those that conprise at | east one
portion of RNA and at |east one portion of DNA. For exanple, conposite

prinmers opm2eapisise a 5 -RNA portion and a 3'-DNA por ch t he
RNA portion is adjacent to the 3" -DNA portion); or 5'- %@GS%%H%JI portions

with an intervening RNA portion. Accordingly, in one enbodi nent, the

rof or ab i KN &*‘fﬁ%@%%%s&Mﬁtgﬁ%é%ﬁ%&m&%&rm@won s
adj acent primer bemfitiseDSIA &QBPJUN‘A poRticHR Wit lcf‘aﬁp&ii eas?mg@)?ﬁpg@@ e(n hg RNA

prlrrer co ses 5 - and DNA"portions w

portion @ APO%‘H“@RW%MMW]BHMOMMMWMWHMM thé n yet
anot her gsite | f the.invention conprises a
3' - DNA pgg’? ﬁ?"%ﬂ@f bifhe \%‘1 HE CPRPEY "x?«r:ﬁ &SNAFEQKI Porndiab pagtiong Interypnipgia

portion BNM@MODM,WRNA%MO&M@&nEMbﬁﬂgﬁ of an RNA portion in a
conposi t mer c%g?p{l Si n DNA portion a d an RNA portion can be
e

prefer abf{}l“ﬁi om ab @B&NAmﬂmmn@ qonmbsateqmryer comprisiaRadt-INA 0 about
20, eveny RigP bou and_post r ef er abl

from abou'ém@i%ﬁta{(i)?CE g%out é%lﬁégﬁg? Pr(?g%ébl}'% Eirﬁ‘b%h"t\%ﬁq anege P% ‘?,fé]hlpiom %/e
pri mer cﬁnprabsutrfgtoeabﬁu’eMvmbtﬂp}eﬁ%lﬁﬂoﬂ%oﬁpi {d &Bﬁt 2 RNA Ror tion can

be at Ieas%efI ut % of 1 5 nucl eoti des an upper I|mt of
about any® ofyaboyt5 toghoup 60 ngcleotiips. ansoawtemls:simems ofx taaiposite

enbodi rre orti about 14 or about
20 nucl eot i gres rfé % i %ﬁﬁ%dﬁf?%aﬂfﬁqﬁg@p% Aé’ﬂrtﬁoﬁcén BApEtt e
primer ca)mutwcvfgl 3, 55mRN%uﬂ6§ t\mmranaij@eﬁlu%lt'o@%tﬁ #’bpﬂ) QQ”I§390{7253f36rab| y

from abo t 50, nugl eptides, nore preferabyfromab
about 205%%‘11 °e’é*€r‘é‘r?nﬁ>8ﬂgn%ﬁ1@rmgpsm pimgblastan RNA gorivowf 18

nucl eot i st lzpﬁled‘b@ﬁﬁiﬂﬁucflé&ﬁb%bout 8 to about 17 nucl eoti des, and nost
preferably fromabout 10 to out 15 nucl eotides. I n other errbodi ments of a

corrposit 49 i mer Hherlprgth iofithess’ memiammaﬁt@p&nc% Eiagn, the

b I eq t ab ut a nucl eot i des,
WI t h an uppe&) Qﬁ &?ﬁ{d e‘? 6%131 OTHRR, V¥ elﬂfe%iaj’?y from abggtj @Cﬁbogtﬁ(}m@k@@ﬂfbsdes I n
certain mnﬁquﬂefmhlysﬁoxhbﬁoﬁm%bﬁtezo%dd%ﬁd&aévé?ﬁg%r&gfaﬁgp@ m%ﬁo WQOUt 14

or about 2 | eoti des 0147] In enbodi nents of a‘co
conpri sifAg Woﬁb‘éﬂst pr@fer@hm frgm gouDBito dmut il'i)nudleb'tidhgrand @uet | si ng

non- 5' Fsy@fepd@gxﬁm ot 1 B9068 (SRRRALL T Ean e g Rrel s bl from about 1

to about” 7 nucl eoti es, nore pr

nucl eot iptizssr camgrising b SHRN & potiion sl @rs NN tpoRidd tHRBPUINR pOHfh&ahibdgs. N
certain
least about any of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about any of 14, 15, 17,

18, 20, 50 nucleotides. In certain embodiments, the composite pnmer has an RNA portion
of about 14 or about 20 nucleotides.

[0147] 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
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
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 at least about any
of 1,2, 3, 5, with an upper limit of about any of 5, 6, 7, 10 nucleotides.

[0148] In embodiments of a composite primer comprising a 5°-RNA portion and a
3°-DNA portion, in which the 5°-RNA portion is adjacent to the 3’-DNA portion, the length
of the 5°-RNA portion can be preferably from about 3 to about 50 nucleotides, more
preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to
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enbodi ments of a conposite priner conprising a 5 -RNA portion and a 3'-DNA
portion further conprising non-5 -RNA portion(s), a non-5"-RNA portion can
be at |east about any of 1, 2, 3, 5 wth an upper limt of about any of
5 6, 7, 10 nucleotides. [0148] In enbodi nents of a conposite prinmer
conpri si W® 20802R8A portion and a 3'-DNA portion, in WCTHSI0040B779RNA
portion is adjacent to the 3'-DNA portion, the length of the 5 -RNA
portion can be preferably fromabout 3 to about 50 nucl eotides, nore

pr ef er abdppuf 1P ' y from
Bbout 7 T s S Ao b e e i i Al

pr ef er abfirgmfabout 140 abod 15mualeotidesl In vertdir etibddimentsrod avosipogiteefrémerbl y  from
about 10 _to about,, ucl eoti des,, certain e L mepts. of a conposite

o mer SRR 75 BN Do et % 3 ohAn e I BRTGF 5 BNA POFSGRRC h ¢ he

5' - RNA pefidcefio e 3" AINACSIHioh, Ihé FERRIA oﬂ%ﬁ lbéjﬁéeefsﬂﬂ)oﬁi ady W PG! 719N can
be at |eaSt about any of 3, 5, 7, 8, 0 nucl eotides, wth™an upper 'limt
of aboutlCmglestidds withman upper Higit of @boBGnp of 1 4di5, #5498, 20y S0cmcleatides. In

enbodi nents, the .conposjte prioer .has, an port.i on, of ut .14 about
20 nucl BHRnqERecBaHS he fbasiig ot harrn RRATRERHe Rk Booaateh: fh o
conposi tjicRbtiA®y, conprising 5'- and 3'-DNA portions with at |east one

i nt erveni ng9 RNA portion can be preferably from about 1 to about 7
nucl eot i [8849] nor e Predergthiof gn intewenibg RINA porioa ima torBposite peinicr demprising  nost

preferabl,y_f out .3 to.about 5 nucleot.id | n .sonme enbodi nent.s of a

Corpos, to” 2t} PRRATS P Aceast Znfitiery Bhiag BYA PGHES it i B SreE Foge

i nt er venibagt RYaHRet 7 hidleotlls, thérePrdRRALROEGNALER tb @B mPREcRiled, @agt about
any of 1, 2, 3, 5 nucleotides, with an’upper limt of about any of 5, 6,

7, 10 nusespraferably fime abar@ith absutdmuckotides lnisgmRmbpdimentsofi acompogitthposi t e

pri mer | S| 5 - [ ion.and at l.east aone inter i ng..RNA portion
can be pre {errcggﬂ%% S’?‘f‘%m %‘o’&(?uﬁﬁ)@}{(p@rté%u‘?ﬁliatr}jﬁgﬁ W?&?m%@%?%?%?’%l y from
about 2 ihRrveabgRNA pduttdrecn tées leasti WboliPaly ¢¥11e 23, Shuelcotiads, #hiltn uppé0 about
5 nucl eqti de In sone. enbodi nents of a co&:ﬁosi te primer_conprising a

3' - DNA pHRit PE?P% amaet 3.6ads Imclegtides r Thanlengih RAAR pervemng RAYA pertioniai ng

RNA portJd gl?epg 0 ag;g!- . . jdes..« i th an
upper | idr%ﬁﬁmo l?%ﬁféogjlrﬁg oﬂ%g %?O%N% gﬁ %%%?e%%slig e%@t%&%n%oé%éﬂ pri mer
~ conpr i sicag ba p&ferlabli fpon bbaut laoadbait 7 maddotides mont prefeabln droRNAbqud 2tid on,
further _conprising a 5. -RNA pqrtion, the 5' - ortion can_be preferably
f r om abdPUD ReFleatet 208 postitelstity dom %%3 ngﬂA%lf é[ﬁwlf’?‘?‘fﬁ% e s to
about 2QniaiRai s for B6RbAGARLY - ut 18
nucl eot i des, préfera%?@?’?ggﬁg%g‘%ﬁ‘%ﬁ%ggggowl?gbﬁﬁg%gﬁfggssf,%ggnd nost

pr ef er ahigrienmg RBAportidh, to iményening RNA pbewnicde be at least ebautenpolil y&3t § of a

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
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,
further comprising a 5°-RNA 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.
[0150] The length of the 3’-DNA portion in a composite primer comprising a
3’-DNA portion and an RNA portion can be preferably from about 1 to about 20, more
preferably from about 3 to about 18, even more preferably from about 5 to about 15, and
most preferably from about 7 to about 12 nucleotides. In some embodiments of a
composite primer comprising a 3’-DNA portion and an RNA portion, the 3’-DNA portion
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conposite prinmer conprising a 3 -DNA portion and at | east one intervening
RNA portion, further conprising a 5 -RNA portion, the 5 -RNA portion can
be at 1east about any of 3, 5, 7, 8, 10 nucleotides, with an upper limt
of about woyomfoodfas 17, 18, 20 nucl eotides. [0150] The k@?ﬁfsﬂ) %129%3' - DNA
portion in a conposite primer conprising a 3 -DNA portion anc? an

portion can be preferably fromabout 1 to about 20, nore preferably from
about 3 b ven re erably. from about 5 to about 15, and
nost pr e%’%ra ﬁqyéafs%%drﬂugﬁl%?fnga%%ghﬁfﬁf drscvith an wensr limif of shenteny 66 nent s
of a comp@s; &s5,18] PB22GRRRLGsN In BnSembbifnRat, i i ¢ t he
3'-DNA portion_ 46 WO 2004/092418 PCT/ U82004f%ﬂf8@9%635%r§3%§?9?eas Aabout :
any of 1por§on gf about Ymuplgetidast i des, with an upper limt of about any of 10,
12, 15, 0, 22 | ept i gdes., one.enbodi nent, the conposjte prinmer has
a 3 - DNAﬁﬁgyrzt i on gﬁy%BgﬁtOf%‘%ﬁﬂ)géﬂ?O&E@?m*fwltqﬂrémﬂéﬁ’@mm% #he 3'-DNA
porti on SRREACIIES hiida BT-DIX p&GEBR ashdSrefe ﬁﬁgﬁ ' a 3'-DNA
portion can be preferably frolr’n about 1@?8 é%tﬁo{']t Obgﬁtlrjfctog%tolﬁggg, nor e

pr ef er abRyFleotiges, amnse preferebly ftosuabols 3w ebmtl B deslcotidesrevammergprefeestdpl y  from
about 5 te 15 otid and nost preferably from about 7 to about
homana's R B Rt AR m6R rre B SPmaba FertRas

12 nucl eoti n SOnme rising a

5' - RNA paircldotities. dadome 3mHotindd®y &f £0dmpddRe FrimENDHRR! iﬂg%ﬁ? F‘%ﬁ | east
about any of_ 1. 3, 5, 7, 10 nucleotides, Wwth an ugp r I‘l%@{\*}% about any

of 10, 13daE-DNAgortion, the3 TRIAasriieteean Hert duast abentemgiofidn,, 5, ThE) conposi t e

pri mer ' f Qut 7 l,eot i des 15 | p epbodi nent s

of a comlse?%lgesb%ea?ﬂ{gé%@fngioggg%ﬂgw ?ﬁ;ﬁdg’r H’gﬁ’%onég gugl tl‘%ﬁiAﬂpt@)‘l)‘Fet i on,

further enbodiment/ithe compasitdPngrdat h SRONA p@ﬂi&ﬁ@fﬁbo@%u@l@?ﬁd&g | Ca]p be bout
more preferably from abou

prefera%#;érom ablgut 1 o about 10 nucleotides, n

2 to ab nuc! BsoThedumentof ansposite pemgneamprising ab RNADordodsle 6

nucl eot i PENA B S BuritRFRGS ks ' pri ngr rising.,a 5 -RNA
portion and aﬂ%'rt- DRIA port%%ﬁgﬂéé?[?aerﬁhﬁ% I?i?)g{sifganrr%%fpﬁ%@ﬁbc’&? PP5(s), a
non- 3' - MAepsbht from abant b abbul Hasicletidey, nany prefirabily fdm shoub? flaloaesi des,

with an er..limi of abou of 6,.8,.10, 12 nucleotides. [0153] In

enbodi nenlri:]teisgoé esam&%l??ﬁgﬁr? mb]ry% a&%‘ﬁﬁrtp\é:‘ibﬁ@f onupleotilps. Josewen and a  3' - DNA

porti on enibodithélls fecémpdsiiépRRIcE b&ﬂpﬂs‘ﬁng‘;‘?sa p(?rﬁoﬁ gé’-ﬁ% g&g% on, the
y

length of the 3'-DNA portion can be prefera rom about ut 20
nucl eot ifiher campeisingnendy BN 4 poritsm(sbmudn-3’-Dd Aapartivn & beLatllexst dbdasanyeven

nore pr. r r.oam:aho 5. to_about .15 nucl epotides, .and npst preferably
from abg;tg? > %t%lt’}g Jgﬁ%ﬁl&%%th@?élgﬁrg’é@%of?]Poélg?‘fya? > _%ﬁ@d_&i‘%‘ﬁ? &f the priner
conpri si[atF3q 5' - R epbolinttsTd RmpositdWimer donfifising AW LIBYA portion and a :
3°-DNA 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
the 5’-RNA portion is adjacent to the 3’-DNA portion, the 3’-DNA portion can be at least
about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18,
20, 22 nucleotides. In one embodiment, the composite primer has a 3°-DNA portion of
about 7 nucleotides.

[0154] The length of a non-3’-DNA portion in a composite primer comprising 5°-
and 3°-DNA portions with at least one intervening 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 primer
comprising 5’- and 3’-DNA portions with at least one intervening RNA portion, a non-3’-
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the 5 -RNA portion is adjacent to the 3'-DNA portion, the 3'-DNA portion
can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an upper
limt of about any of 10, 12, 15, 18, 20,22 nucleotides. In one

enbodi ment, the conposite primer has a 3'-DNA portion of about 7

nucl eot | Wés2004/0P248] The | ength of a non-3'-DNA portion PEI/ES204P3319t e
primer conprising 5 - and 3'-DNA portions with at |east one intervening RNA
portion can be preferably from about 1 to about 10 nucl eotides, nore

pr ef er abDNA partivabanibe & 1da8t #ini nBoNUE, 804 hitgsotidas dvitBmSippef Bhnfticklboutf r om
about 3 to %qugt 6.pnucl eotides. In sone enbodi ment's of a prinmer conprising
5' - and &Y p]tﬁtl' BHeleqglides. at | east one interveni ng RNA portion, a non-3'

47 WO 20 2418 ortion can.be at |east_,about any
of 1. 2, 4S9, Tieloh o8 e 1A pophioh P oo R e i 5ot 1)
12 nucl edtDN@sporfibisSiith ditleast 6n¢inter0bnih PRNK pddibn BT bd SRfdrablA HeRTAMRSI { €
primer conpris and 3'-DNA portions with at | east one intervening

ng o' -
RNA por t 1ogPo %?%P@qsemm preferably dipsuabout 3 toabeyb U8 nadeotides sven dwes nor e

prefera (o) | eot,i de v re ferably from
about 5 r)cé)fefé%o%t ?g h‘ﬁ% {é)oatblg gg néoﬁfa&}%g,tan% %@rﬁﬁqéﬁy %FH gﬁ’g't? toa OB{ about
12 nucl el nutdeotides Ingome embodir@s 6f HéondpdsREPRMet Corbridiiy 5T anPBi-pNAI 5' -

and 3'-DNA. porti or]s with at | east_one intervenin portion, the 3'-DNA

por t i on RYHOWEWR afleaskene igfsvaning RN partion, the3*- NgAmorﬁgnk:@npep adeastwi th an
upper | 'd’ﬂohtiﬁf 90415 anyo ﬁ%cl&&ide%zwitﬂ'gn &ﬂ}?@b&gﬁﬁ%ﬁ a“(ZJ ﬂ%ﬁf!&%@bﬁ%ﬁ%ié] one

enbodi nent, e conpdsite priner has .a

nucl eot i 2682 npélegiles. Theordeamghidiiménia the@dmpositdhinkaHak @13’ DN A portM6TDNA
portion thﬁ) t an.dt he 3'-DNA portion) in a conposite priner conprising a
3' - DNA pag’lpfl RUGPA9SE | east one intervening RNA portion can be preferably

fromabogisd) to a t )b ¢ . pr I . to

about 8qguc?]eot i qte’fgi:élgrg]ggh rargg%ﬁgr?’e er%gpg{o?‘r%?ﬁ a Ouﬁ%ﬁ@’é&%%&fﬁgﬁﬂ%

nucl eot i HdaNA| pertianrin @ adropisiteririnarfcompeisimgas? DN A portion adnapidasiong a 3' - DNA

portion . t st _.one interveni RNA. portion, a non-3'-DNA portion can

be at |e%%?&@&ﬁﬁgﬁﬁm%caﬁeé{m%{alb%? fromy ai‘?g\&tl lefetagalé%l,o Rcleotides. maser | it

of aboutprafeyabdf frém aBoutLho abdut®'AHASIHHE Snd mmﬁ?ﬂeﬁ?ﬁﬂ? 9kn Af¥Rt 310 SR pOr ti on
a

in a conposite prinmer conprising a 3 DNA portlon and t least one
i nt er verfiUslporigs. Jopemeembedimsatsnfaraompbobije primen cabrpmising & ¥ -BNAUporaen

nucl eot i r er. rom about 3, about 18 nuc) eotides, even
nore pre §%§£%°%??§%ESCQWP8H%%%P°‘I§ 'i? B%%PH@@’?gﬁﬁ e%gﬁo PBY er abl y
from abaftl, 3, ,0, bmmu%eoi%m, it @0upiste fimid 6T 2bOWFRNG B 6I8 RN 1 3 niéle@ideTPOSI t e
riner- rising. a_3: - ortion

P Cﬁ%ﬁen of the 3°-DNA por%on in a composite primer comprising a 3’~-DNA portion and

-

at least one intervening RNA portion can be préferably 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 intervening RNA portion, the 3’-DNA portion can be at least about any of
1,3,5,7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18, 20, 22
nucleotides. In one embodiment, the composite primer has a 3’-DNA portion of about 7
nucleotides. It is understood that the lengths for the various portions can be greater or less,
as appropriate under the reaction conditions of the methods of this invention.
[0157] In some embodiments, the 5’-DNA portion of a composite primer includes
the 5’-most nucleotide of the primer. In some embodiments, the 5°-RNA portion of a
composite primer includes the 5> most nucleotide of the primer. In other embodiments, the
3°-DNA portion of a composite primer includes the 3’ most nucleofide of the primer. In
other embodiments, the 3’-DNA portion is adjacent to the 5’-RNA portion and includes the
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and at | east one intervening RNA portion, the 3'-DNA portion can be at

| east about any of 1, 3, 5, 7, 10 nucleotides, with an upper limt of
about 'any of 10, 12, 15, 18, 20, 22 nucleotides. In one enbodinent, the
conposi t ygpidoser4i3as a 3' -DNA portion of about 7 nucl ep&@ggﬁoﬂé 79'93
understood that the | engths for the various portions can be greater or

| ess, as appropriate under the reaction conditions of the nethods of this
i nvent i OR. k enbodi pent s, the 5 -DNA portion of a conposite
primer i %crflésgégéé?tﬁ% %@?‘%@B%f N ofPpartien ieludes the prmegmucis i nents,
the 5'- Rothpefilen of a conposite prinmer includes the 5 nost nucl eotide
of the priner. In other enbodinents, the 3'-DNA portion of a conposite
primer i0dP8ldes t hBhetotahbengtinefithe complesitefprintee can bevpreferably fromhidout 10 to

nmbodi oy ti i dj t. to the 5 -RNA ti d
o coRt 58 B iaEy B B T RSB A5 16 Shapt SQ M R AB B do of t he
primer (pofbrdbefibir B0 PO dbRGt im@megrﬁséme%d%&%h&@ ge;n @éﬂe

prinmer). [0158] The total Iength of the conposite priner’can eferably
f r om abofitlcasbationt anyef k0, 36, 20425 cucleatistss, with en ppet Hnrbéfabbutany aP2SI3015 t 0

about 30 | , v.and. nost referably frqom apout 20 to about 25

nucl eot |5c}jé1§ 6 Bﬁﬁééétgc%é gﬁ%%fﬁ%%’ﬂ?%‘fm?ﬁté’ &Eﬁ Ot Prigger I%Q%’OPE%]SW Bt47 any of
10, 15, mRleofbesititérpmi.i HeSundetsidbdaRat 4R | 4} ate 30
50, 60 nuc| et%t [ des.@’;q?l cer‘%%i n errbo%li m%g@ﬁgeﬁe&?ﬁﬁ%egé}%??%?@%eabout

21 or al¥ider Be reastien eenditiens ofthe mefods of thisiisventider st ood that the |ength can
be great@gisqar |ess .Late under.t.he reacti.on conditions of the
met hods [g? 9t]hi g F%ﬁe% eg%iﬁne,@ meas differen CH@PB?W,PWSWY&)P%“

di f f er enih anemplificdtivnpeactiohs may be used in an anplification reaction.
Auxiliary primers [0160] "Auxiliary prinmer" as used herein, are a

popul ation of primers conprising random zed and/or partially-random zed

sequencq&uxi@%zzph@;y prinmers are a pol ynucl eotide as described herein,
t hough \%gnera y, auxiliary prinmers are made of DNA. Such random priners

are knovfl4d] the &uxiliany prieepas uséd Beruin| ireraypoplilafiBs 6f hriméd QomPRshAt | on of
random zrgéiqohexe ner réﬁ?@g shown in Exanple 1. |In sonme enbodi nents, the
random “Pricmer ﬂ"?&{fﬁé’ 'H@FQ’PHF SegRencsh- ABKILIALY Privgss aista nodynsirleotide
perm t nedesthbed hérsin, oG SbricRdliy? Burtifiard, i he, 4y of
sequences, to which ﬁ)e rangom prﬁgng?ga&rgggﬁ%%%glﬁ%{e? ar‘%‘ysu%bﬂézg&%msi tes
can be iPHfESHYE Kgowa ieithelapt. vihn exampidref pogisra piimersofs the poysldarionrafmer s, whi ch
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primers may contain natural or non-natural nucleotide(s) that permit non-specific

hybridization in order to increase the number of sequences to which the random primers
may bind. Similarly, abasic sites can be introduced randomly within the population of
random primers, which can permit non-specific hybridization by stabilizing mismatches
between primer and template. The primers should be extendable by DNA polymerase.
Generation of primers suitable for extension by polymerization is well known in the art,
such as described in PCT Pub. No. WO 99/42618 (and references cited therein).

[0161] In some embodiments, auxiliary primers can be at least 6, at least 7, at least
8, atleast 9, at least 10, at least 11, at least 12, at least 15, at least 18, at least 20, or more

nucleotides in length. In some embodiments, a population of primers of differing lengths is

used.

DNA polymerase, and an agent capable of cleaving an RNA-DNA hybrid

[0162] The amplification methods of the invention employ the following enzymes:
an RNA-dependent DNA polymerase, a DNA-dependent DNA polymerase, and an agent
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Generation of prinmers suitable for extension by polynerization is well
known in the art, such as described in PCT Pub. No. WO 99/42618 (and
references cited therein). [0161] In sonme enbodi nents, auxiliary priners
can be at least 6, at least 7, at least 8, at least 9, at least 10, at

| east 1lwoednod/esasts 12, at | east 15, at |east 18, at | eaptT/8820000120Dr €

nucl eotides in length. In some enbodi nents, a popul ation of priners of
differing lengths is wused. DNA pol ynerase and an agent capabl e of cleaving

an RNA | . L I | ' enpl oy
Che. fol 1 Sna B bawstd B RIC B ERe e SERAIORATE LA Ui Blachtle, 4 GERKICAR OO0
D][\IA Ipol wmhasRNamlﬁ).aﬁnagﬁm:‘core d&h@a@ﬁ@iﬂiﬁﬁgﬁﬁ?(ﬁﬁﬁi}c H/a!d&&@éllﬁhhl' Qls?npld capiabl e
of cleaving an_RNA strand_of _an RNA- ybr ], or_exanpl e, a_rjponucl ease
such as & Fpr exeppls @%IVEW&QQ’A[WWQQ%W%@PPMM used in
a singl Bﬁaﬁ |\ ] | by an

RNA- dep%oégﬂ%ﬂ{%u&g%l Igyr;&rgg{srgnsf suc Sgg %ﬂg&%ﬁgﬁsﬁsﬁp %Jfﬂa%se o?' may be
provi dedRewerse tsapaipidses asefylnfor thiReaethod endyraamsayrmop hawcRNused adtiviilgt t hi s

met hod y or may not have RNase H acfivity. ny reverse transgriptases,
such as @VPFS%WFF‘QWSﬁifé}'}%tﬁ%E‘PQ%é‘?nW%@YMF?F)S,VW%Mey nuri ne

| eukem N ;%Mﬁ | MWL §- Lvi Ly (f.of . | e,

pol ynergaél\e“ggl?fl ity a‘g{?ﬂ}ﬂg onucl ease ac%{?gﬁ% an Hg‘él’hefnfol?%g?t:i\gﬁﬁqfﬁf?he_

f or mat i caxampfe, pblgmetoash hetiwity anidisbnotidserastieity)laad catifiwetion in the forormtion

I nstances, , it i ref.e to, enplQy a reverse transcriptase i ch | acks
the RNas¥ e @%ﬁ%ﬁf’c\yﬁe@ﬁ&@w&ﬁ"@cﬁpme;em SRR T R ty are

known i negffiey 8kdverdeHanSiigisbevASS I N RE h&ialaarﬁacﬁvf@t Rheveré)efmfs&@twéé d type

reverse transcriptase where the mutation elimnates e RNase H activity.
I n thesdevoilsd RNash & afiviityiaomkadwisin thtla dnelufing thast lcempssing e asytatsoncdf as

that i saql at fromE. .coli. ,can,be | oyed f.or the, f tj.on.af the
Hoabi o S ST sPOBkGtse herRiSE Bone e RtbR cliiuirie BNGR HoRigitn, 1

DNA- depehgRithsdsNie RQUVBE bR &6 RAGRE M fion BBhér shiRcddl Qith@Ee thaddsoldkel SGWEE, enzyme
(for exanple, Bst pol yrrerafé), or these activities rrlzitlyiASbe rovided in

separ at ecofingaphessmployeior thefopmagian ofghe donble sivpaded op Armation of a

I IS} . ' h d . 4Thi : [
COTTT 2o FRARIEADRE, AtymEise R R AR IN AR AR BN o ReReP R Rapsit e 5
- DNA- depasedotidéd\by fhelsyiereaspme (or examply, Bst Bilmicrast)) or Y4 4duAitis mhdyete

het erodupl ex is cleaved by an agent (such as an enzyne, such as a
ri bonucl¥a¥Esd BSRYRE FEYEPRavi ng RNA from an RNA/ DNA hybrid, generating a

2 ' . 3 imr)‘.g !S . tl(Zé] randetoROLLEATb hd AvERHASI BRFoliton Ve ORPETPRing 40 RNA 10
RNA/DNA partial heteroduplex. This process generally utilizes the enzymatic activities of
an RNA-dependent DNA polymerase, a DNA-dependent DNA polymerase. Generally,
RNA in the RNA/DNA partial heteroduplex is cleaved by an agent (such as an enzyme,
such as a ribonuclease) capable of cleaving RNA from an RNA/DNA hybrid, generating a
3' single stranded portion with sequences that are complementary to RNA in a composite
primer (and thus forming a binding site for a composite primer).

[0164] RNA-dependent DNA polymerases for use in the methods and compositions
of the invention are capable of effecting extension of a primer according to the methods of
the invention. Accordingly, a preferred RNA-dependent DNA polymerase is one that is
capable of extending a nucleic acid primer along a nucleic acid template that is comprised
at least predominantly of ribonucleotides. Suitable RNA-dependent DNA polymerases for
use in the methods and compositions of the invention include reverse transcriptase and, for

example, a DNA polymerase that possesses both DNA-dependent and RNA-dependent
DNA polymerase activity, such as Bst DNA polymerase.
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primer (and thus formng a binding site for a conposite primer). [0164]
RNA- dependent DNA pol ynerases for use in the nethods and conpositions of
the invention are capable of effecting extension of a primer according to
the net hggs, e invention. Accordingly, a preferre - dependent DNA
pol ymer ase |Ogil(gr21{‘aﬂt hat is capable of extending a nucl %&%ﬁ Pﬂdpﬂ?ﬂar al ong
a nucleic acid tenplate that is conprised at |east predom nantly of

ri bonucl&a%%des. ui tabl e RNA—de[Eendent DNA pol ynerases for wuse in the

met hods lc onposPNAiEpendent BNA polymerasas fonubeiidhe methodeand congwsitiphas e

and, for ol rase tha esses bot h DNA- dependent and
A, oo fBhon e KN RO IRE AR L ol o R SR s et 1 ArORce s Vi
2004/ 09 2a¢Bo@CHT iSRRI 4ctrdib @ 55preRNAIGRBARERRYs SMANRTE VFRbRAS for use
in the rret}h ds and coggp&sitions of the invention are capable of effecting

ext ensi o “’tgr?em{%%‘b PEISF plepg aawelsicaicidemplatentbat issompdsedat lepste
ext ondi naaEad) Ak oRORIE! RS BRI BR Softul coumiplingdn o i

extendi ng a nuc C acid priner i's
conpr i seRINADNAgmttial hetechdiplRathh e 0drride OuyRUEDRAL hslP@eradd'@hich cORpiiQR of the
conpl ex ,C Si rh%ﬁéhe RNA/ DNA partial heterodupl ex can be carried out by
a DNA pc}?ﬁgﬁés'ée b DN pelymesasegad DPNAmleprndenidNA miymeateyactiviise and
DNA—depE(Q&Lq, B3H t Vit . SuC ) t .DNA Jpo rase, or a
reverse tra%cri p%\ggg%i%%\%%%o? %5%‘?%%%&%?0‘3%3%5%@?&&%8%i ng to

met hods sefuanheadoording foanethodsod fitks irtveatistsiavelesthOMe X INR! foteméiai that S abl e
to di spl.acg1 ? %I ei c aci.d strand fromthe pol ynucl eotide to which the

di spl acéd?*&te HnRase? g12cid swandomithe polynucigetide tawhich shadisplagstacenent
capabi | isk¥nd kDol rg I, b | : . .ol ymer ases
whi ch do not h.aega’ laég&rrgue%ﬁra}sl?,?‘tg%%l Jriéj?t(s‘%qd?és rlr%g@%gg%élﬁy%?s?lggﬁ%? er abl e.

Pr ef er als#yibits fes..ORmpprst yorothes polyasrasegywhiah ido mt have agmuch BRimY at t he 3' - end

f | 4: lL.eotide.hybri di t | ei ' t d.  .Pref bly, th
ona” pol yEPREBCATETIVY Hreeloblie ey, e fnBirclymue woojeh @sneral 1y,
the DNAfobipding asth Br-8ioRdH otidvificlbbtidd 15 b0ii-B010h auchei SXARHALEAsE activity

SO0 as tngmagi m ze degradation of priner, primer extension
pol ynuc FeeEraglys thedNa palyngeraserdoes netqnssask sulstantidtricking adtivitsie (enelally, on

factors ration fher the tenplate is double
stranded orﬂé é%réﬁ%%g%?}gg%g@%OfB?élr,\l’,ggaq’ﬁon‘é‘?leavﬁﬁF‘&thw rRFMiliar to one
ski | I ed mininihedegradatibubEptimEASr panerettasesh polyiticeddsh Geherall§, thgxonucl ease
activity has; been ggsg%ggﬁqare known in the art and are suifable for the

anpl i fi EEPRUSIFRRATS egLen fackorasych aypasalt xeentitipnewhetker théhi ch | ack

both 5' tdfhidte i @IbRAIEnaR o3 ' actii vi ki es have..al so been

descri beé_ﬁl? fe or exanpl e, ex%n}élﬁftgar?g\%&l’a@%%g?@hﬁeg#lgggv&“ﬁ arg §MIllar to one ‘
skilled in the art. Mutant DNA polymerases in which the 5°->3’ exonuclease activity has -

been deleted, are known in the art and are suitable for the amplification methods described
herein. Mutant DNA polymerases which lack both 5’ to 3’ nuclease and 3’ to 5’ nuclease
activities have also been described , for example, exo”Klenow DNA polymerase. Itis
preferred that the DNA polymerase displaces primer extension products from the template
nucleic acid in at least about 25%, more preferably at least about 50%, even more
preferably at least about 75%, and most preferably at least about 90%, of the incidence of
contact between the polymerase and the 5° end of the primer extension product. In some
embodiments, the use of thermostable DNA polymerases with strand displacement 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 polymerase has little to no
proofreading activity
[0166] Suitable DNA polymerases for use in the methods and compositions of the
invention include those disclosed in U.S. Pat. Nos. 5648211 and 57443 12, which include
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preferred that the DNA pol ynerase displ aces priner extension products from
the tenplate nucleic acid in at |east about 25% nore preferably at |east
about 50% even nore preferably at |east about 75% and nost preferably at
| east about 90% of the incidence of contact between the pol ynerase and
the 5' amd2afs/obtaes pri mer extension product. |In sone erfoIdiSTeNa0277¢ he use
of thernostable DNA pol ynerases with strand displacenent activity 1is
preferred. Such pol ynerases are knovvn in the art , such as described in

polyrrer 53¢ 1otk (NAY Ftgrp ¥iglab) EFPEE ! Gl DU RN Blblao s ™

pol yner axesPfi¢Siratagene)) BcaQPﬂmtemg&qaﬁd:mg)gmdﬁsTﬁ @Premeda)} dxe” KilenoerDNAN
i ncl ude t oggr?e discJosed in U_.S. Pat. Nos. 5648211 and 5744312, which
i ncl ude POSYMSgsep e iablrBNA polymerasesiron thassnganagerhacteRew Engl and

Bi ol abs)y, Yfgpgﬂ?’;!;l ot (New Engl and Biol abs), Bst (BioRad), exo Pfu
(Strat agenrﬁ%6 anvera), sequencing grade Taq (Pronega), exo /-Kl enow

DNA pol[9beflase, die riboanciosdedbt ascDhithenattiody mdesnipositivhdef thomvesticndact er -
~ thernohyd ri cus 1 The rihonucl ease for use in_the nethods and

corrp05|t Eﬁﬁg %éclf%’{éng 1?1‘?/‘%?{\'916‘19 idessin a@a\%\iﬁﬁ%ﬁwbn@ameﬁgab%@ﬁ ﬂgP’@E'iqaéf'es in an

b. ﬁﬂg ) i des in an

RNA/ DNAéIi:éélgé 0rn §81§£r) égsi?yo e iﬂ%%}"ﬁﬁt er@%ﬁ%le%lype o@eﬁﬁtg%ﬁﬂ%]% gs adj acent

to the mubkenmdadsadjaceiﬁtd) thehdbanuelrutide tolle dlenved. elftﬁpxefénteﬂahatt}tee ri bonucl ease

cl eaves {,ndependent nce .identity. Exanples of _sui e
ri bonuclfihoaudease Sﬂea’t'??énﬁiﬁ%ﬁg °§ﬁ?ﬂ“€6‘f?d9§rit’tt}’ ofkarpples plsyity ﬁ) ﬁ’(bPB‘t‘Fl%ﬂS%S wel |

known i ryof g m"b’ﬂ{ods 'aﬂ& Eé&ﬁ*ﬂﬁnﬂﬁé &Qﬂé’ﬁl‘\f@ﬂﬁﬁle 4 e@%ﬁ% 3-8k, incldifigl dase.

[0168] As 1s well known e art pol yfrer ase act|V|ty,
RNA depe‘th!bamleaSNHM@srirﬁ)aeg é{,}ﬂamlasw, and the ability to cleave RNA froma

neti v ¥y o Ass aBURESHR infe ek VB g RtHB R Bl i B
enbodi MEOYA-dehéiRleSADRAS Rmﬂ%/ﬁgﬁsg g&w&mﬁﬂ ﬁé@mﬁ%@lﬁ% REOK\fRH & mer ase

activity and cl eaves ybrid. I'n some enbodi nents, the
same enRNATRNMbiybed m@lh&n!eqsehm@fferemzymby o b or mord adtivitieamtydbeeaves

A dep BB AR et S ER T IRk R BB SR SRR e

activi t)bompﬁs@m&&p%nfDNA@GIyBPdes%MW%d@Ieav&iRNMo@@hOdI ments,
di fferent enzynes corrﬁrl se RNA-dependent DNA pol ynerase _activity and

DNA- depdHidfi? embedimgnisythe same enpymerAoadrisehbMA-derepdond nt
. DNA polymerase activity and cleaves RNA from an RNA/DNA hybrid. In some

embodiments, the same enzyme comprises DNA-dependent DNA polymerase activity,
RNA-dependent DNA polymerase activity and cleaves RNA from an RNA/DNA hybrid.
In some embodiments, different enzymes comprise RNA-dependent DNA polymerase

activity and DNA-dependent DNA polymerase activity. In some embodiments, different
enzymes comprise RNA -dependent DNA polymerase activity and cleave RNA from an
RNA/DNA hybrid. In some embodiments, different enzymes comprise DNA-dependent
DNA polymerase activity and cleave RNA from an RNA/DNA hybrid.

[0169] In general, the enzymes used in the methods and compositions of the
invention should not produce substantial degradation of the nucleic acid components of

said methods and compositions.

Reaction conditions and detection

[0170] Appropriate reaction media and conditions for carrying out the methods of

the invention are those that permit nucleic acid amplification according to the methods of

the invention. Such media and conditions are known to persons of skill in the art, and are
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enzynmes conpri se RNA -dependent DNA pol ynerase activity and cl eave RNA from
an RNA/DNA hybrid. In sone enbodinents, different enzynes conprise
DNA- dependent  DNA pol ynerase activity and cl eave RNA from an RNA/ DNA

hybrid. Jw@b§@lookdysgeneral , the enzynes used in the rretggﬁ,_?% 51(24(0(1? ositions

of the i1nvention should not produce substantial degrada nucl ei c
acid conponents of said nethods and conpositions. Reaction conditions and

detectio 170 roprij.ate reaction nmedia and conditions for carrying out
the neth eﬁgrcl)%?d‘}‘t"%‘?‘fsrﬁ@ £atims.augh e Hse Pah Nospbsd. 3161 81 6i785:4%139,238;
anpl i fi cs19Q37RGIVOHINIS, sxhags b Javant | I Lha and
conditions are knovm%t %5 gggr’gﬁs’of tﬁ;l‘é’r ?ﬁk?’rzké‘l’%éj'@fﬁ%’ gﬁg%ﬁ%%@%
2004/ 0922 Gildfo MPHYAZGEB. Rreexamplega buffarandybesTablffe adlihgfsh othéich as
U S. Pat s...5,554, 516; 5,716,785; 5, 130,238; 5,194,370; 6,090, 591;
5, 409, 81]@";1:%% %ﬂ%’%’ﬁ“s%‘,?&%gfﬂg BBWQR%BF%EQH%QSw%mmom,me and PCT
Pub. No. ﬁ?ﬁ,gélﬁgﬁﬂﬁ - hu I s buffer, although
ot her bclj)f ers can gInggﬁotgg)&ggg(}ﬁg%@oghgﬁhggfﬁgér%%?ﬂi&ﬁo&#%%ﬁérli?gbo e
non- i nhi H?m%$m%r&zm ahmtrﬁmmmb lﬁ,fevbhmdﬁ@plhﬁﬂébl?ﬁrohgiﬁaoh?YRMHogﬂ- The
pH is pr om apout .5 to_about 11, nore preferably from about 6 to
about 1c§? afid S%%F%“ﬁ%ﬁ yt Ts Gvabass 86 Ahegeagtipn medm eancplsegiselude
pr ef er alHivalért oeta honstsudh Zakouh2t8 1. ' Is n,also

b T iy SsG A RS MR RS R 2t on

i nclude bivalent netal ions such a%
of free therage pbiromabonthto abost tamdé, anfl riosoppefdpsbly f@nDdboud] &M MM

d nost . bout. 1 tg 10 M _Th {i di |
el ude EreicEl o] IR ARPinpte ohek g, such a8 el of Nebrlatoonibwe ot al
onirc stthetootlloré stidg(eRihymedfias, ForaBinfle, 1%l R0 S sdmAicigych as KO

y

is prefer b%ﬁ\%rom about O to about 125§n1\/l nore pre rom about O
to aboutPffifg@ om ghopt Bje ebewtd28 maldl ot prefeadtdy from dboutd tedbowt1 00MaMI he

reactio | hpecl.ud dqi.tiyes that could affect
per f or m?ﬁggwg%ﬁg&%gpﬁ I EE?J(E)!)nAbrO g,é? fﬂg{ﬂs I,I%T){ﬁac??{’aﬁ‘e‘gip@ cadprthest egral to
t he act iindlede aiflitives thahegul affestperfemisco bf tHe Batbh rex\fols, Bkt %8S
I ncl ude B Oiﬁegirag% aluch.as BSA or acetyl ated. BSA, single strand binding
tpiseral iy the

pr ot ei nd°t} aghivityyed the speymeampenents afitheanethadsi Sudeeddijesst s such as
o B et b Sl B SRR TR
art. Whaeee Fpprotsin); andsonsionikdatergintsuoh .o NP6 b€ Trigsh. I:Rbagfeﬁﬁ, shélPds IPES not
R e AT R RN U e I
o ik e e e U 0y 95
inhibit %e activity of the RNase employed in the method can also be included. Any aspect
of the methods of the invention can occur at the same or varying temperatures. Preferably,
the amplification reactions (particularly, primer extension other than the composite and
second primer extension product synthesis steps, and strand displacement) are performed
isothermally, which avoids the cumbersome thermocycling process. The amplification
reaction is carried out at a temperature that permits hybridization of the oligonucleotides
~ (primer) of the invention to the template polynucleotide and primer extension products, and
that does not substantially inhibit the activity of the enzymes employed. The temperature
can be in the range of 0° C to about 85° C, about 25° C to about 85° C, about 30°C to about
80°C, and about 37°C to about 75°C.
[0171] Random priming and/or primer extension and/or isothermal amplification
can be conducted under conditions of reduced stringency (i.e., permitting hybridization of
sequences that are not fully complementary). For a given set of reaction conditions, the
ability of two nucleotide sequences to hybridize with each other is based on the degree of
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second priner extension product synthesis steps, and strand di spl acenent)
are perfornmed isothermally, which avoids the cunbersone thernocycling
process. The anplification reaction is carried out at a tenperature that
permts hybridization of the oligonucleotides (priner) of the invention to
t he t enpyvare4(924¢ducl eoti de and prinmer extension produdCI/Usan@/01211at does
not substantially inhibit the activity of the enzynmes enpl oyed. The
tenperature can be in the range of 0C to about 85 C, about 25C to about 85
C, aboutoRBfeniefta@BPYf the %&nuﬂ@&i&%h‘ﬁenégscv&;cl?ﬂ%ﬁn i ﬁ%eﬁl b HelpaciBngem
primng and/or prinmer extension and/or |Sothermal "anplification can be
conduct eartched eomplemintary nscledtidequbirs e The trrore geolentides inm givereseryiidrick tigpt

hybri di zat i f t hat t full | t _F i
cat of | PRAORRITeRSTG RBfGer suencBie PiRye sHined SR opaROPGR b nces Lo
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Sci ence_Publishers B.V, and Kricka, 1992, ni sot opi ¢ DNA Probe Techni ques,
Acadeni Eresppat DiogonCaife Jdie hyhridizatreicandiitangichesen dapand i a Yasisty efifaeters depend

on a vayy . C Lot t, f X I L.engt nd type
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t emper at ures.of . . .
al composite primers can be controlled by altering temperature of the reaction. Examples of
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relevant conditions include (in order of increasing stringency): incubation temperatures of
approximately 15°C, 20°C, 25°C, 30°C, 37°C, 40°C, 45°C, 50°C, 60°C, oi more.
Accordingly, in some embodiments, composite primer random hybridization occurs at a
reduced temperature, for example at 25°C - 37°C, followed at incubation at increased
temperature(s) suitable for the isothermal amplification phase of the methods (such as
about 50°C). In some embodiments, temperature is increased at 5°C increments. In other
embodiments, temperature is shifted from low to high temperature.

[0173] ' Nucleotide and/or nucleotide analogs, such as deoxyribonucleoside
triphosphates, that can be employed for synthesis of the primer extension products in the
methods of the invention are provided in the amount of from preferably about 50 to about
2500 pM, more preferably about 100 to about 2000 uM, even more preferably about 200 to
about 1700 uM, and most preferably about 250 to about 1500 pM. In some embodiments,

a nucleotide or nucleotide analog whose presence in the primer extension strand enhances
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approxi mately 15C, 20C, 25C, 30C, 37C, 40C, 45C, 50C, 60C, or nore.
Accordingly, in sonme enbodi nents, conposite prinmer random hybridi zation
occurs at a reduced tenperature, for exanple at 25C - 37C, followed at
I ncubat i o BosbRGiscased tenperature(s) suitable for t '

anplification phase of the nethods (such as about SOC?EC*@Q@E%Q’W9
enbodi nents, tenperature is increased at 5C increnents. In other

enbodi e erature is. shifted fromlowto high tenperature. [0173]
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about ampymiret he fol |l owm ng concentrations: about 25 nM about 50nM about
100 nM t 500;n about. 1 uM about 2.5 uM about 5 uM about 10 uM
or nor e.[afﬁn] A8 %e%ﬁ%%m% Hic forageing noatpenerys arsradderbyimsltancousivided

si mul t ankOnsiationbf tHeR@dliFchiic f hfl.cation process. | n .another
enbodi ment , cogponents ﬁarg a%{d%lﬁe%?'nh{a%% or Jéllrbogﬁl%élk’c%lgwe ‘??I&adged

appr opr iR ARy endegrisrie or afteriapproptietedimpdpofrite dirrprthe h@ R&atiod prodeiIhd I ed

and/ or ] A i fication reaction. Such tinmepoints, sone of
whi ch gﬁﬂﬁg%g‘g°€éﬁné’¥e‘g§ﬁ&8w§§8ﬂ% TRRdion; Ppehitmgpeintsesomerpiothiaki 11 in
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net hods .of the invention can be adde
for nucleic acui/ amplification according to the methods of the invention can be added to the
reaction mixture either prior to the target nucleic acid denaturation step, following the
denaturation step, or following hybridization of the primer to the target polynucleotide, as
determined by their thermal stability and/or other considerations known to the person of

skill in the art. In these embodiments, the reaction conditions and components may be

varied between the different reactions.

[0176] The amplification process can be stopped at various timepoints, and
resumed at a later time. Said timepoints can be readily identified by a person of skill in the
art. One timepoint is at the end of random composite primer hybridization. Another
timepoint is at the end of random composite primer hybridization and composite primer
extension product synthesis. Another timepoint (in some embodiments) is following
cleavage of template RNA. Another timepoint is immediately prior to initiation of single
primer isothermal amplification (which in some embodiments, may be initiated by addition
of an enzyme (such as RNase H) that cleaves RNA from RNA/DNA heteroduplex, and
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reaction mxture either prior to the target nucleic acid denaturation step,
followng the denaturation step, or follow ng hybridization of the priner
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and/ or ot her considerations known to the person of skill in the art. In
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pri mer Hhiykepouit itithnend of random composite primer hybridization.

[0178] The detection of the amplification product is indicative of the presence of
the target sequence. Quantitative analysis is also feasible. Direct and indirect detection
methods (including quantitation) are well known in the art. For example, by comparing the
amount of product amplified from a test sample containing an unknown amount of a
polynucleotide containing a target sequence to the product of amplification of a reference
sample that has a known quantity of a polynucleotide that contains the target sequence, the

amount of target sequence in the test sample can be determined.

Compositions and kits of the invention

[0179] The invention also provides compositions and kits used in the methods
described herein. The compositions may be any component(s), reaction mixture and/or
intermediate described herein, as well as any combination.

[0180] In one embodiment, the invention provides a composition comprising a
composite primer as described herein. In some embodiments, the composite primer
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[0178] The detection of the anplification product is indicative of the
presence of the target sequence. Quantitative analysis is also feasible.
Direct and indirect detection nethods (including quantitation) are well
known i nwéeo@lbasfor exanple, by conparing the anount

anplified froma test sanple containing an unknown armuﬁ?f%&@q;dﬂﬂg

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

of a reference wée that has a known quantity of a pol ynucl eotide that
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m xture and/ i.nt er med escribed,  herein, as well as any conbination.
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conposi t Ji m mar é’tt G SX3YRPles Sog Yxentinn proyidesmeasrpasition cepipEsing@apabl e of
ef f ect i "@mposite primer that is derivatized by attachment of a moiety capable of effecting

pact

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
by attachment of a positively charged moiety such as an amine. In other embodiments, the
composite primer is labeled, for example by derivatizing the composite primer with a
detectable moiety, such as a label, or a moiety that can be covalently or non-covalently
attached to a label. Labeled composite primers are further described herein.

[0183] In other examples, the invention provides composition comprising a
composite primer and one or more of: a DNA polymerase; an enzyme that cleaves RNA
from an RNA/DNA duplex; and auxiliary primers (for example, a population of random
hexamer primers). In some embodiments, the composition further comprises a labeled
dNTP. In still other embodiments, the composition comprises a non-canonical nucleotide
(such as dUTP), and reagents suitable for labeling and/or fragmenting abasic sites, as
described in U.S. Patent Application Publication No. 2004/0005614 and Kurn et al, co-
pending U.S. patent application No. 60/533,381. |
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attachnment of a pol ynucl eoti de conprising the conposite prinmer to a solid
substrate used in preparing nucleic acid mcroarrays. In sonme enbodi nents,
the conposite priner is further by attachnment of a positively charged
nmoi ety such as an amine. In other enbodiments, the conposite prinmer is
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sui tabl e b%??ié&n%i}%%]ﬁhi%gﬁ?b#eégRfl‘i%&nrhtgfrgo@%rh gag :d{érggkﬁ ggﬁn{pe(g)%?ﬁ{u%@hgonpri si ng
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(or conprskihi ons conprising the products). The invention also includes

conposi tions and various configurations (such as arrays) of these
popul at i B486] whi chheeompnsitioosersegracndly (s a seitablomediom) although tleyagabeous
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Suitabl e nedia include, but are not limted to, aqueous media (such as
pure wat @188 puf f Eresipvertppgrpviteskitsforearring puidhe aetholds ofthe inventiom.yi ng out

. the neth he..l ' ' i.ngi. r.iety,of.kits,are ovi ded
e sun ¢ aap ety Evidbts B L ce pRRASE Wit PuckBERE L HrPhint g pfbSegtof )

uses desmyidnedr hetreofthe aseh deaaritmsddierdh,and Ay ordaiply intay dbhitdin flstr@dtionsf or any

one or n‘Ipre of the foll ow’gﬁ uses: nethods of anplification; genotyping,

nucl ei ¢ JORERHORRATINGS QL the iolpyang yserianathnds ! rmphBeaioss serotaming nHefpic

det er m nidiBmutiBioR BRI uding methods of genotyping), determining the presence or

absence of a sequence of interest, quantitating a sequence of interest, preparation of an

immobilized nucleic acid (which can be a nucleic acid immobilized on a microarray),
comparative genomic hybridization, and characterizing nucleic acids using the amplified
nucleic acid products generated by the methods of the invention, methods of expression
profiling, subtractive hybridization and the preparation of probes for subtractive
hybridization, and methods of preparing libraries (which may be cDNA and/or differential
hybridization libraries).
[0188] The kits of the invention comprise one or more containers comprising any
combination of the components described herein, and the following are examples of such
kits. A kit may comprise any of the composite primers described herein. In some
embodiments, the kit comprises one or more composite primer selected from the following
composite primers: 5-GACGGAUGCGGUCUICACIAdGdTdGdT-3 (SEQ ID NO:1); and
5'-CGUAUUCUGACGACGUACUCATACdAdGACACdT-3' (SEQ ID NO:2), wherein
italics denote ribonucleotides and "d" denotes deoxyribonucleotides. In some
embodiments, a kit further comprises auxiliary primers, which may or may not be
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absence of a sequence of interest, quantitating a sequence of interest,
preparation of an immobilized nucleic acid (which can be a nucleic acid
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co- pendi ncj U. Iél%ggtﬁg%% giﬁéﬁ%ﬁ@%ﬁ&%a&tﬁ%ﬁ%ﬁm COMBYICE FLEE nor e
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use of co onenItS . .o .
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
invention, instructions on how to use the kit, and/or appropriate reaction conditions.
[0191] In another example, the kits of the invention comprise a complex of
composite primer extension product and second primer extension product. In yet another
example, any of these kits further comprises one or more controls (which can be, for
example, template polynucleotide (e.g., DNA template such as genomic DNA or RNA
template such as total RNA or mRNA), composite primers, and/or auxiliary primer(s).
[0192] 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.

[0193] The relative amounts of the various components in the kits can be varied

widely to provide for concentrations of the reagents that substantially optimize the
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of the methods of the invention for the intended nucleic acid
anplification, and/or, as appropriate, for using the anplification products
for purposes such, as detection of sequence nutation. The instructions
included with the kit generally include information as to reagents °
(whet her wionogeedisor not in the kit) necessary for prace@T/usmoi/oe7met hods
of the invention, instructions on how to use the kit, and/or appropriate
reaction conditions. [0191] In another exanple, the kits of the invention
Conpri SergacheHiRhs e |k &8 Rk ' ond pri mer
ext ensi on product. I@.C%toy(yect%}a)t% 3 %}cgﬁgﬁﬁ%ﬁgg% agﬂg&gfh Q&%ﬁ%@%ﬁ?@%& her

conpr i seeptimize the sepsiivitpof amyl sssdynhi ch can be, for exanple, tenplate

ol ynucl iL,de (e. . .tenpl ate, such as gengm c DNA or RNA tenplate
guc% as ﬁ@?éf R(NA gﬁé’rﬂi‘m 91192{59&9& éswq%&ﬁfof%@g&e@esbpds@ﬁsyn_ i mer (s).
[0192] ThéremOMpeResistts c%—hg)h*a@vmus%&%uﬂg&MQgoﬂ&gcga%ﬁéé AN BN
appropriate packagi ng. Thé conponents nmay be packa separately, of in
one or nifi1Pfpl e cgrm ofititei systsms eAibddimehiemay hlad coraphseniteiplaef (tirper) var i ous

conponents in the,kits .can.be varied wdely to provide for concentrations
of the reayeifes2dearritediherain, AaﬁYF*ﬁmogﬁrWﬂZéquf@S 99e QEnOISpPEa sessior
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di scl osed herein and/or to further optimze the sensi Ell vity of “any assay.
[0194] Tewammednetingdeyices (iches blesingypddoker fvater b&the)mtr:g Iagpdriaasaml?ddﬁ

descri be her.ein.. Thgese syste COppri se, varj ou | nations. of the
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general ly includes one or nore apparatuses for rformng
anpl i fi dasbieqrsechoyany pf the stepsvAmondimitidgehampleaxf aviteblesdeviveb imtbydes or

exanpl e, ' ' h..as, heating bl ocks or water baths) and
appar at u@g;ﬁ%ﬁ%ﬂ%@%@%ﬁ@%ﬁqme@%%r more steps of the methods
descri bej@19€) ei n. Theinvaitivadgsoqirovidbereh &ty thix@te R0 cORPbditidHsolnprisbt abl e

for use with mniaturized devices, as thermal cycling "is not required for
any of tisactiondpixtures)yhich coptain Narieysepihinations of commosenfs dessabed hertindes  t he
Bi oAnal yg& I Ak ' %) or. [10196], The.i nvention
al so pr ovﬁ?e‘g%act ilgﬁ%rqﬁ x§ uslrl{eglgé 8@%3‘%%&? '?Ig g?s{ge 8%1%%1fn§1aﬁg&eﬂ%‘ée&ﬁ%n

m xt ur egyrovidesivaciomt mixturescomprisinp(  napbigtymitlc68da PN doinRRE piikes
herein. Exanpl es ,(rjélgr eacti on tures have been described. |In _sone
embodi mSAPPIsIER 3" N ARogHon fﬁi}ﬁﬂ 4 nostiensi(erpuilien  pamersornsk G PNA (a) a
target pRoJiyAetaes ohd B&cribed heeif BT | i |51 actiy® portion
and an %ﬁgor tion; Sglil auxi [ rary pﬁﬁ%@?@%ﬂr@gmaﬂ the ?eac

- mixture (or a plurality of composite primers), including a composite primer that comprises

a 5’ RNA portion which is adjacent to the 3° DNA portion. The reaction mixture could

also further comprise an enzyme which cleaves RNA from an RNA/DNA. hybrid, such as

RNase H. In some embodiments, the composite primer is selected from the following

composite primers: 5'-GACGGAUGCGGUCUACACIAdGATAGdT-3 (SEQ ID NO:1); and
5'-CGUAUUCUGACGACGUACUCATACdAdGdCdCdT-3' (SEQ ID NO:2), wherein

italics denote ribonucleotides and "d" denotes deoxyribonucleotides.

[0197] Other reaction mixtures are described herein and are encompassed by the
invention.
[0198] The invention also includes compositions comprising any of the complexes

(which are intermediates in the methods described herein) described herein. Examples of

such complexes are schematically depicted in Figures 1-8. As an example, one complex of

the invention is a complex comprising: (a) a target polynucleotide strand; and (b) a

composite primer, said composite primer comprising a 3> DNA portion and an RNA

portion. The composite primer may have an RNA portion which is 5° and adjacent to the
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pol ymeri se. As described herein, any of the conposite prinmers may be in the
reaction mxture (or a plurality of conposite priners), including a
conposite primer that conprises a 5 RNA portion which is adjacent to the

3" DNA pwdd0e8e924f3e reaction mxture could also furthe rjse_an enzyne
whi ch cl eaves RNA from an RNA/DNA hybrid, such as RNas%Cﬁﬁ%W/%lam

enbodi nents, the conposite priner is selected fromthe follow ng conposite

prinmers:,,5 . GACCGA CdCJAdGITdGdT-3 (SEQ ID NO 1); and
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of the coppl ﬁ%‘ a%&mgich aée i nternedi ates in the nethods described herein)
descri be%ﬁﬁé?lé - paziial hsfcradupiex, piepared bivsing o6 the apathedsidesaaibed herein. depi cted i n
Fi gures . ex . he ,i kpon 1.s, a conpl ex
conpri sisrllagl:% e@%ﬁ%ﬁéﬁﬁl%%ﬁggﬁrg@%% Pﬁ%chdmgga@%posi te priner,
sai d corhstrseduplexrdtmsecamdrgndi I pe anofier BRI i RAGEoRRe RMntidOk ki on. The

conposite prinmer may haye.an RNA portion which is 5 and adjacent to the
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exanpl e strandsdrrpgion. bf andtieerierample] tha compRxed iRl ifverGioA Ry (ayh bemplex RNA/ DNA
partial heterodu of the nmethods described herein. In

13%8)

&4 pj,e.x 1L éar y an ) )

some enBOAPHERES > PHE ec*Hﬁ‘B & rROKEON, dpd ) iasempasitegriper hxkpidipioghe t i al
het er od@piiggledtramledgpaish.end. I n yet another exanple, the conplex of the
Invention is a conplex conprising a 3' single stranded DNA portion
produced by any of the nethods described herein. In sone enbodi nents, the

e an T s Ml B e S G gl o gsicimis b avedior | i ng 8 5
singl e §0208hded DiVhepesthidsand abEpédtions FIRBPRGidRNRA) BEﬁséax‘é)fé%ﬁ&Qofo t he

3" single stranded portion. Mthods using the anplification nethods and
conposi PHERESSot of Ruthosgse tilesiration magthods i sueleichodsmutation detgmiont i ons of t he

i nvent i gRckaheReth Ho@hot@dpiay | of urposes. For purposes of
i |lustr gitﬂi on. et h _og S (# %tgg%g}” g g%él%l%t?’gp %8‘??08 &t gﬁs[epg%oipa( SeAvesacrhg
net hods idéregfequnyifiting ), seqieenee of intedght ! freépapdtRaeTes BmoBESNEEIGE agidgsequence
of inter §cadbantitati ng ,a sequence of [interest, preparation of an
i mobi | f‘%’@g ﬁmﬁf‘éffl pucjeic goid immobilized on a microarray), comparative genomic
hybridization, and characterizing nucleic acids using the amplified nucleic acid products
generated by the methods of the invention, detecting and/or identifying novel nucleic acid
sequences (such as novel coding or non-coding transcripts), and characterization of splice
variant sequences, are described. Methods of expression profiling, methods of subtractive
hybridization and the preparation of probes for subtractive hybridization, and methods of

preparing libraries (which can be cDNA and/or differential hybridization libraries) are also
described. ’

Method of preparing nucleic acids immoblized to a substrate, including a microarray of

nucleic acids

[0201] The products of some of the amplification methods of the invention are

suitable for immobilizing to a surface. In so far as the amplification products of the

methods of the invention generally comprises a mixture of sequences corresponding to

sense and antisense copies of \template polynucleotide, it is useful to immobilize a

population of sequences generated by amplification of template polynucleotide from a
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(which can be a nucleic acid imobilized on a mcroarray), conparative
genom ¢ hybridization, and characterizing nucleic acids using the
anplified nucleic acid products generated by the nethods of the invention,
detecting and/or identifying novel nucleic acid sequences (such as novel
codi ng owOrRod/@%e«isng transcri pts), and characteri zati oreci/usgpbd/@e77ovari ant
sequences, are described. Methods of expression profiling, nethods of
subtractive hybridization and the preparation of probes for subtractive
hybri di zgdg, t S [#7 L ari L G be cDNA
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non- pat hogen(such as a virus, or group of virus
assessndathedrt, mhd hpbridisette sueh anjamay. t Theadetertipa olisigoal dupitd hybridizagionpd e of

i ' . | d _be of | ' il d
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Pol ynuclsampledssyritieieotide. sol at ed from a suspected sanple, |abeled using any
met hod kngwn in the art, and hybridized to such an array. The detection of
si gnal d0&03lo hybraapitication nreductsran e attgehed de k gelid onsemi-selid awppart of o t he

e ; ¢ | | i de.

Po205]  mulpecy ki by B¢ ndB 8GR MSC e B, BRRERR PoAIERABA, OF:

support nylon)spolfaedamide, attroceljuldee, omsther reatarialsf r om gl ajsts, pl Ftlst : c (e.g.,
nitrocellul ose, or

pol ystyr pol ypro ene,. nylon), polyacrylam de,
ot her _miﬁg&i]al S. [%"Zgék teganigpesarg @'EHT]ﬁnﬁYYéénMF ptiachingrucleiq #ridsdpf@ f or
at t achi nglidyedsthe sAeh 86a bRsdslide. One method is to incorporate modified bases or

analogs that contain a moiety that is capable of attachment to a solid substrate, such-as an

amine group, a derivative of an amine group or another group with a positive charge, into
the amplified nucleic acids. The amplification product is then contacted with a solid
substrate, such as a glass slide, which is coated with an aldehyde or another reactive group
which will form a covalent link with the reactive group that is on the amplification product
and become covalently attached to the glass slide. Microarrays comprising the
amplification products can be fabricated using a Biodot (BioDot, Inc. Irvine, CA) spotting
apparatus and aldehyde-coated glass slides (CEL Associates, Houston, TX). Amplification
products can be spotted onto the aldehyde-coated slides, and processed according to
published procedures (Schena et al., Proc. Natl. Acad. Sci. U.S.A. (1995) 93:10614-10619).
Arrays can also be printed by robotics onto glass, nylon (Ramsay, G., Nature Biotechnol.
(1998), 16:40-44), polypropylene (Matson, et al., Anal Biochem. (1995), 224(1):110-6), and
silicone slides (Marshall, A. and Hodgson, J., Nature Biotechnol. (1998), 16:27-31). Other
approaches to array assembly include fine micropipetting within electric fields (Marshall
and Hodgson, supra), and spotting the polynucleotides directly onto positively coated
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solid substrate such as a glass slide. One nethod is to incorporate
nodi fi ed bases or analogs that contain a noiety that is capable of
attachnent to a solid substrate, such as an am ne group, a derivative of

an am newgr muposiisanot her group with a positive char ge,Pd'T%é}D 4?]Ji§77grrpl ified
nucl eic acids. The anplification product is then contacted V\n? a Solid
substrate, such as a glass slide, which is coated with an al dehyde or

anot her peacti ich.will.form pvalent link with the reactive
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and al defipiéengnsenfosd.edwpiommbés (CEL Associ ates, Houston, TX).
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may be spotted as a matriXx on substrates conprising paper, ass, plastic,
pol yst y Feate s mayrhayg péiree-dipensionabeinfigurayibm nomprisingiping, aodd, fibkese,
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embodiment the substrate to which the amplification products are attached is magnetic

beads or particles. In another embodiment, the solid substrate comprises an optical fiber. In
yet another embodiment, the amplification products are dispersed in fluid phase within a
capillary which, in turn, is immobilized with respect to a solid phase.

[0207] Arrays may also be composed of particles, such as beads. The beads may be
labeled with the amplified products alone, or may be labeled with both the amplified
products and an additional label, such as defined dyes or other labels.

Characterization of nucleic acids

[0208] The amplification products obtained by the methods of the invention are
amenable to further characterization. The products of the methods of the invention are
particularly amenable to quantitative analysis, as sufficient DNA is produced which
generally accurately reflect the representation of the various polynucleotides in the starting

material.
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substrate or may have a three-di nensional configuration conprising pins,
rods, fibers, tapes, threads, beads, particles, mcroliter wells,
capillaries, cylinders and any other arrangenent suitable for

hybridi zati on and detection of target nolecules. In one enbodinent the
subst r atWOt200449%2418 t he anplification products are atta®oadiS2sosoagmetic
beads or particles. In another enbodinent, the solid substrate conprises an
optical fiber. In vyet another enbodinment, the anplification products are
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characterizati on, .Whl ch are known 1 n the art.

pol ynucPetsnt Applicatido @uklicatign $0 03/08843.t Fhas, the inwdntion aichides thoisb éurthenal yt i cal
and/ or quantificati on pet hods 0 in the art, .such as r ti PCR,
quant i tgﬁﬁ?/ﬁcaflﬂ Y\ J%?R‘no?t“ée@ﬁ]aﬁéﬁpﬁgﬁﬁ@nﬁﬁf BF °¥§é§?déﬁ1’§‘,e hods
descri bgdreil) U.S. Patents Nos. 6, 251,639, 6,686,156, and 6,692,918; U. S.

Patent Publication Nos. 2002/0115088 Al, 2003/0186234 Al, 2003/ 0087251A1,
2002/ 0160488, and Iz ounsmbodioed, themenplificatioramethodd of thainyentiodpgt utitizédon

Publ i cati 43. Thus, t .avention i ncl udes those further

anal yt i r(t:%gé}laegég %ﬁ%ﬁ%ﬁ%ﬁﬁ 0?3’9 }yélﬁglgg{@eo?fg&‘é‘gs’é‘ﬂ‘gﬁogﬂdﬁ Weﬁwﬁ'g‘?ﬂ’}ﬁe product s
of the veftheadsith Hproben. [0210] In one enbodi nent, the anplification nethods
of the invention are utilized to generate nultiple copies of

pol ynucl®dii de pr duspmpeembodimentsthe emplifieationansheds ofjhe ipwentiostare t h a
Probe. ytilized to generate multiple copies of single stranded polynucleotide (generally, DNA)

ek

.products that are labeled by using composite primers that are labeled (in the portion(s) that
is not cleaved). For example, the primer can be labeled with an aminoallyl labeled
nucleotide. In other embodiments, the amplification methods of the invention are utilized
to generate multiple copies of polynucleotide (generally, DNA) products that are labeled by
the incorporation of labeled nucleotides during DNA. For example, amplification
according to the methods of the invention can be carried out with suitable labeled dNTPs.
These labeled nucleotides can be directly attached to a label, or can comprise a moiety
which could be attached to a label. The label may be attached covalently or non-covalently
to the amplification products. Suitable labels are known in the art, and include, for
example, a ligand which is a member of a specific binding pair which can be
detected/quantified using a detectable second member of the binding pair. Thus,
amplification of template polynucleotide according to the methods of the invention in the
presence of, for example, Cy3-dUTP or Cy5-dUTP results in the incorporation of these

nucleotides into the amplification products. Amplification can also be in the presence of an
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[0211] In sone enbodi nents, the anplification nmethods of the invention are
utilized to generate nultiple copies of single stranded pol ynucl eoti de
(generally, DNA) products that are | abel ed by using conposite primers that

ar e | abelveol2qoi4nozanee portion(s) that is not cleaved). FP&T/E% hBrot €
primer can be | abeled wth an am noallyl |abeled nucleotide. [n other
enbodi nents, the anplification nethods of the invention are utilized to

gener at e Jfikh dakpl. ' |l ynucl eoti d rally, DNA) products that
o1 abel P fer AR e K b BRI R S bacsbiampRAONA, For
CarTTed ol Ch b Labl oL e a3 A G Peot | des. can be
directl y?@@ﬁc hed oSy %ﬁ)’é‘?d,ifnémsdhﬁmﬂi?ds ofthe amplifiedtion andparformed irchde

at t achedptQ - e ached coval.ently or non-covalently
to the aﬁpl ?Ifﬁiock: gtB ?% r?a%&rlg%%gp‘é%oi%\f/ ‘f’gb Fﬁaﬂﬁ@@}%ﬂt&%wmﬁn}%mm, and

i ncl ude, campnicabmulquitide islabéled st/ whi én‘@ed%@ﬁﬂﬁ%! ifdiGeftdi N9
pai r whi G FX et ect ed/,qu,antifziiégltlj usi r?g a etft)gézetﬁai tpg&gdel%:%%gﬁ)%nber of
t he bi ndlﬁlr:% Ggﬁ" Appiigasion Paklication Na. 2604/89056é4p Bricfly, mohycanadied hixdeotilecor di ng
to the ey ] 0NN presence of, for exanple, Cy3-dUTP
or Oy5- AU noporalel hiSsEilieBioslnb i) R SRRV Seriring A obraoats, 1S | he
anpl i f i cabasiorsitp isttia tabeleAiby|cofiactrig With & 8hgBhiApdie bflabllgPhGREACGON an 04
WO 2004/ g$24]18 P%/. S2004/.012779  ami noal lf” -derivatized "nucleotide, such
as ani noal'f §f Uaa GATPFISIRg AN abasisy Biggen alse berplerwidmy therdbagiakitegl  dUTP can
be coupl f@ind fi R . 212].. | n of her enbodi nents, the
met hods %ilet hegar?pgil?li%%‘lti’sgg#?&g%?ozre pé%%l%ng(f '4"&13' ghmﬁﬁ%‘%é’rﬂn Ly 1he

_ non- canofif@agntheanl adsst helebeled gx descifed, abave] anpl i fication conprising a non-

canoni c cleotigde 4s | abel and/ or_  fragnented according to the nethods
di scl os Z@zl U.S. ﬁ&a’f‘éﬂ?gmﬂﬁg@é‘@Bwqﬁﬁ@!a?%i@ﬂa%smgbbigm{for |
Brief |y, exaniple aa@fﬁcﬁﬁdndmt%ﬁﬁ}ﬁdiﬁon)(ﬁéﬂat%s ?E*{s}ffﬁé‘g&ﬁlﬁ%ﬂg%%?nﬁe”p' i fication

product) |s cleaved, generating an’a 8ite is then

| abel ed BiFreasiayaafiany svitable surfage gerich malwdbd glaef chipheldstie), Badahasi ¢ site.
The pol yauel | rl sl an abasic sife can al so he cleaved at the
abasic 9ite ,l%gﬁgﬁg?%ﬁ%gﬁﬁé@g Rﬁcﬁ’{:% Sueliag 3@&4 orqhgopesleiidapyedies, e. g. |
hybr i di ZBispthe inveatiomproites Feehodh tAEHIPIMSiE #dr BLSSH10 Gy el i bed
above. 10 %:%L -I;{i;?n I &l%el ed_anplification pr ogfg(r:t S rle’%ggegpﬁcg&a y&g’ i table
for anal fBoynucEptide phintarest by eramatingdabaledpriptucldotide {gendratly, DAY act i ng
them wi t Odlfc%rusﬁi%dﬁgélﬁ‘ - r .of _any suitabl.e gurface, which
i ncl udesﬂ?gl ass, chips, “’SFQE{’{C%? . %@8@1}"6 ﬁoﬁf 633??33}'%% a’leﬂ‘é‘%efe@d’ﬁb‘i“n‘c%
sui t abl eAnalysisef laheidd produdbNaunirciosforrabd BRTHC@RHI 8y RAREHN ofﬁlétlﬁbeé‘gd‘ e
I nventi ﬂﬁiovtl des Het hodf to characterize (for exanple, detect and/or
quant i f %ﬂ] 1hication products to, for example, probes immobilized at, for example, specific

locations on a solid or semi-solid substrate, probes immobilized on defined particles, or

probes immobilized on blots (such as a membrane), for example arrays, which have been

described above. Other methods of analyzing labeled products are known in the art, such

as, for example, by contacting them with a solution comprising probes, followed by

extraction of complexes comprising the labeled amplification products and probes from

solution. The identity of the probes provides characterization of the sequence identity of

the amplification products, and thus by extrapolation the identity of the target

polynucleotide present in a sample. Hybridization of the labeled products is detectable, and

the amount of specific labels that are detected is proportional to the amount of the labeled

amplification products of a specific target polynucleotide of interest.

[0214] The amount of labeled products (as indicated by, for example, detectable

signal associated with the label) hybridized at defined locations on an array can be
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an target pol ynucleotide of interest by generating |abel ed pol ynucl eotide
(generally, DNA) products using anplification nethods of the invention,
and anal yzing the | abel ed products. Analysis of |abeled products can be
performed by, for exanple, hybridization of the |abeled anplification

pr oduct swoapo4med4iexanpl e, probes i mobilized at, for exwTi00L@eTofi C

| ocations on a solid or sem-solid substrate, probes inmobilized on defined
particles, or probes immbilized on blots (such as a nenbrane), for

exanpl e ;ag , | : . .

ol 21 AU REE of the Akt EnldBE By BREH P BB ot LB bRBEICOAAs, .
cont act ispgeiedvarthesaniiple. sol uti on conpri si ng probes, followed by extraction
of conpl conpr,i sing t | abe] ed a i ficatiaon products and probes from
ol Ut 1 o0 Rle | dorMPIg Ot GhesciFBB0 PR aeBicenag B IEGEioB S o Eho -
sequenceyisAeRid gt ' I rapol ati on
The 1 den? ks, U/s Faterk 16, 8700 ot i @0 Rl Tryp ARGl GG el 2P

Hybr i di zahiparative geiend byleidizhtionp@ue tesg. | Rinkksd} ©(S. Rblest NarG]15%485; Datvoret of '

specific,l t re detected is praoportional to the ampunt of the

| abel ed alﬁfpgﬂa"bgﬁ °1pi§$1{§5't1§5%116é1-55% Yoicemparagize senomatybridization of

I nt er est g r . L el by, for
exanpl e,cog{g?ié%s:%gg a{ei% Sl gha 0@2@8@%@%@%@%%%#%4%&%@|B i zed at

_0Ie1(‘]I i ned po@amfleoﬁée Bagreentgracegrdirgrto ey 65thfé?16ﬂ&)&l@%/ &&Q?bkﬂ r1111516’1'51, WhERMOe012779

i ndi cati,ve e detection and/qr guantification of the corresponding

t ar get ﬁmﬁfﬁ:‘{r‘é‘ﬁﬂ’f ti& ﬁgitipég‘%ﬁmﬂ quéyg F‘?adéls (tofehgenomis Rds 4 pecon

char act g§ghaRtib@Bf laB&lkdy ' 'ef,.chi ' , Drananac,
05, " patopiBbROL RS Uy R 1B syl 1t seBlah Bhredode. ) v med
conpar atdompargdhismaepapdst froinzatecon genemic DA AytempPatak The fitst Snd fRadmht No.

6, 159, 685:; i l, (.20 Al J.. t .15 5):1623-1631, Briefly,
conpar atqopgggéﬁgﬂgiﬂﬁggi‘éﬁk%ﬁeﬁﬁma@%Eﬁg Sgﬂ’rﬂléijgﬁﬁgh dée?‘?ridsﬁ‘)pf}@f)‘ﬂ{%? i o% of
| abel ed apomysudCheiybeiaszed W6 b Brr&@6r domBInYdl Ypie P! THEdiFeAATRBER hrsdccor di ng

to any of the nethods described herein, wherein the tenplate from which
the fir Setestsdapdcempated. synt hesi zed is total genonic DNA. A second

poou! i), | 20hsh el ! L iatnd LA K RSB
The fi r sihd/nfrageentsd nu¢leipubids comprising ukebrinasligohbidlestidei(probsf of Rlaks. The
hybri di zed first .and second pgopul ations are m xed, and hybridized to an
array O,se@.hep%églg may Pé‘&Hl.O%’I}WédacfP’r’ example, qugpeicsoaray). det ect ed and
commer Y0 I5L huENAELIaRBS s KUY B PR WRORSTR 0,
ol i gonudirentionl ere(glsocinéhble ffordeilysidor the detection of any alteration in the target

nucleic acid sequence, as compared to a reference nucleic acid sequence which is identical

to the target nucleic acid sequence other than the sequence alteration. When the target

polynucleotide is genomic DNA or RNA, the sequence alterations may be sequence

alterations present in the genomic sequence or may be sequence alterations which are not

reflected in the genomic sequence, for example, alterations due to post transcriptional

alterations, and/or mRNA processing, including splice variants. Sequence alterations

(interchangeably called "mutations") include deletion, substitution, insertion and/or

transversion of one or more nucleotide.

[0218] Other art recognized methods of analysis for the detection of any alteration

in the target nucleic acid sequence, as compared to a reference nucleic acid sequence, are

suitable for use with the nucleic acid products of the amplification methods of the

invention. Such methods are well-known in the art, and include various methods for the

detection of specific defined sequences including methods based on allele specific primer

extension, allele specific probe ligation, differential probe hybridization, and limited primer
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sequence (which may be imobilized, for exanple, on a mcroarray). [0217]
The anplification products generated according to the nethods of the
i'nvention are also suitable for analysis for the detection of any

al terati apohvafobey14 ar get nucleic acid sequence, as co g t ef erence
nucl ei ¢ acid sequence which is identical to the target ”Eg-@;% %089/3@7@
sequence ot her than the sequence alteration. Wen the target

pol ynucl €9 i de isftgaﬁnom c DNA or RNA, the sequence alterations may be
sequence p'8P-aPfh Y SFreplenKurmetiabd). §eRamitiN 658,638 Bir UnkPateat Nesjuence

al terati argsswW1och oM, toonloefl dnd <t nom e ) exanpl e,
alterations due to%gi?gfsrggh@fg’r ?’E)%Siab(r)]% i Sj;l?’togg’a@ﬁ%i%@’ g@?f]ﬁ’b'n%ﬁé%,l?ff;
processi RN11i760) HIBRY% BIA764 8705, 8801867; SIIURIBEW RLISSRALTARIVO 99/55912:
(inter chwgﬁé?wlf_a\}y?e@@t ations") include del etion, substituation,
i nsertion t¥an Pol QP 7/3Re40% W& 6A2%: aad 15,G66,9880 Th8Y, i@ her art
recogni z ggvefRb QS ; ' tecti.on.of any ajteratipon in the
target nucleic aci%&gﬁﬂgir%%@ggq%géﬁgg?g%P’gEagoPéI?%Faég%é’o pelestidenci o
sequence CORPpBSIng amuidtion (Whichiear baaishaldeuclstitie pslyaokshifhP estbdsitd: (hhe

anplificgtl .met hod f the jnvention. Such nethods are welt-kno in the
art, and%ﬁ@ﬁ' a%#B@é’@@?%@&é‘sm&anyﬁéﬂledmtb‘ldsidemribbdbpehi;fahd(h)efi ned

sequencesndlsihgthe AhpITBERRASHD I cific pripoer extensjon,

allele specif igcl pr obe I ga?’iroﬁ%%gﬁogpléer@éer#giogﬁég&%ﬁtéo%g‘)’ﬁp?tﬁﬂnié? F%Pﬁar%dnd

limted ¥r3inirens polynpclodtid®92418 PCT/ US2004/ 012779 ext ension. See, for
nt. No. 6,251,639 Bl; U S. Patent Nos.

cXaTml <UHAT o, i S g2 5 o e S i
S 731, 146, VD USat 0o der oosa Eagatlfotesby BOMARE PR SR o

97/ 320409°t¢48080/15B8.2%2., eligpngeleeijecifgitionibased dstuys, analyeidtusiag Iavazler, pr ovi des
met hods etk tation,i,n target pol ynucl eotide _conprising
a mut at i%%afé\%ﬁ?’g'%ﬁ‘?g%p eeae’g‘%’]‘??b‘i“ea%ﬂﬁeé’%ﬁ %efglﬁeﬁhg? %ﬁhgeglﬁ;qllyemﬁmei sing: (a)
anpl i fyilaggeavolangeof ﬂnphmueﬁg,othbdgeth@sqgﬂwvggﬁog%[yrg%t&ggl% .g)gg.crl bed
her ei n; anq.f&g fi‘gtal ){Zl ng the anplification products for presence of an
alterati PPt SrPrladickegtidas te genarate suifisient mpuempietiginfor substqudet [ 0219] |t
i s undergiBeE. that the anplification products can also serve as tenplate
for further analysis such as sequence, polynorphi smdetection (including
mul tiplex SNP detection) using, e.g., oligonucleotide |ligation-based
assays, @Faalysie using |nvade (1 eavase or limted prinmer extension, and
the Iikes FS et gehe require |arger volunmes of input
nat eri alfp220]e et hR@angii ' ' used t.o 'pre". i fy a pool
of pal yn[ucl(gotj des to ge%ig?gdeﬂ%{tg??%%n F%ﬁ%%ﬁ?‘i’?\”&ﬁy%?a%%w ent

In determining the levels of expression of one or more genes in a sample since the methods

described herein are capable of amplifying a multiplicity, including a large multiplicity of
target RNAs in the same sample. As described above, amplification products can be

detected and quantified by various methods, as described herein and/or known in the art.
Since RNA is a product of gene expression, the levels of the various RNA species, such as
mRNAs, in a sample is indicative of the relative expression levels of the various genes
(gene expression profile). Thus, determination of the amount of RNA sequences of interest
present in a sample, as determined by quantifying amplification products of the sequences,
provides for determination of the gene expression profile of the sample source.

[0221] Accordingly, the invention provides methods of determining gene
expression profile in a sample, said method comprising: amplifying single stranded product
from template RNA s in the sample, using any of the methods described herein ; and
determining amount of amplification products of each RNA, wherein each said amount is
indicative of amount of each RNA in the sample, whereby the expression profile in the

67




anal ysis. Determ nation of gene expression profile [0220] The anplification
nmet hods of the invention are particularly suitable for use in determning
the | evel s of expression of one or nore genes in a sanple since the nethods
descri bed herein are capable of anplifying a multiplicity, including a

| ar ge nuMo mioi/ed2uys of target RNAs in the sane sanple. peTasswiipizet above,
anplification products can be detected and quantified by various nethods,
as described herein and/or known in the art. Since RNA is a product of

gene ex pgalﬁgﬁ% %E}etéraﬁxeh.e\éfén?%ag&,rfgpg?cly oid%'@ a@ enotgfq%i. %F%ﬁ%@%ﬁi@% s '

a sanpl e I'cative € expressi eve
genes (thetmgebRNAISIRNAY ifis uaderstdbdithat alabeit 6f anplifcatioh gdtﬁcﬂﬁwbé of RNA
sequences of .interest resent _in a _sanple, as determ ned by quantifying

anpl i fi cogtPTBPnGd Ui quangtative and/erguabitatiye mathoslsi Metermininglameitiohat i on” of t he
gene exp ' ' . . ' el NE
I nvention lf%%ﬁggémﬁg%ﬁggéd%%é@g@hng r‘ﬁﬁl %g{eg gtﬁgﬁﬁéa%é%l g&g@g{ﬂ &g’%ﬂ%lo}é in a
sanpl e, aiment. Mhiihao expressibs prudile eamintludéesigfamatibiealsdut predeste pr aiskende off r om
sing, any of the methods described herein ;

tenplate RNA s | e sanple, u . of t. L
and det%‘ﬁﬁ%‘i“?’fﬁ%é‘?ﬂ“‘%@ fripterest. c A PSSRt o Sehisencs” of easiunt, pada lackRr ei n each

said anp 4 AT ' [CY-Tel ﬁ’r\"% i ! e, whereby the
expressi%gr%léc[gllrogfo Fkgﬂhg@%hgg%g{%@%‘}egé%4iumi’u’/ ﬁ%&%%k sanple is
det er m n@22]Gener alThemethabiebfekppessidn prafilargergasdildh advide Rarlety b n

enbodi nents, . the target RNA | . It is understood that anount of

anpl i fi ﬁ?ﬁ&ﬂ%&&&&ﬁlg,ﬁ&g eﬁ%@ﬂ%@?@‘% %ﬁ\aﬁy Qf3ene cxpIaTHOn iessratialany,

qual i t at{nM@nig (; o F Mo | iaf i : iongl udes
determ nﬂiflng V\hgl?ﬁéehrs(lg‘%g(?liﬁ? ?ggﬁ%%&g? gg%ucgpluéﬁpg?'eé e%etqﬁtgrrcgﬁggé‘gﬁet&{ (Flgqug an
expr essi issugrmdyi beefromnfor ezdmplesblood,drains spheenliame; hgarie sescalar, dungaliddmeye of

“lack of Pnia Sping BBt onis Soll SenRBy & the e BaRerooriaE Balie. or
de mi ni nusfill weiompa{égga%bnﬁmna@ﬁmﬂé 10 RE SRR ikhing fefGambRsusef ul in

a wide variety of ecul ar di agnostic, and especially in the study of

gene expiadleetrdpt different Bmes,dn¢lyding peformnafteri and/or diting denslopdionty 2a si ngl e

cell) or pﬁm“ 40on. Acell or cell population (e.g. a tissue) may be

from fotrr&gl%%nﬁ‘p e, %Pdég‘d, brain, spleen, bone, heart, vascular, |ung,

ki dney, pituitary, endocrine gland, enbryonic cells, tunors, or the liKke.

Expression profiling is_also wuseful for conparing a control (normal)

sanpl e ‘-.";—"“" PLeg librag | ‘'udi ng t est sanples collected at different

tines. gl ng PRIOBRA prBhid of B Hetodd Ui iddnfiitiEh AP Bkt ipreblefi TSNt
libraries, including cDNA libraries and subtractive hybridization libraries. Using the

] ()
1.'!.‘..’5:. e

methods of the invention, libraries may be prepared from limited amount of starting
material, for example, mRNA extracted from limited amount of tissue or even single cells.
Accordingly, in one aspect, the methods of the invention provides preparing a library from
the DNA products of the invention. In still another aspect, the invention provides methods
for making a library, said method comprising: preparing a subtractive hybridization probe

using any of the methods described herein.

Methods of subtractive hybridization

[0224] The amplification methods of the invention are particularly suitable for use
in subtractive hybridization methods, in which (at least) a first and second target
polynucleotide population is compared, since the methods described herein are capable of
amplifying multiple target polynucleotides in the same sample, and the methods of the
invention are suitable for producing large amounts of single stranded antisense nucleic acid
suitable for use as "driver" in subtractive hybridization. For example, two nucleic acid
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Met hod of preparing a |ibrary [0223] The DNA products of the nmethods of the
I nvention are useful in preparing libraries, including cDNA |ibraries and
subtractive hybridization libraries. Using the nethods of the invention,

l'i brari eworeopspe24p epared fromlinited anount of startipgruRbfbiade for
~exanpl e, nRNA extracted fromlimted anount of tissue or even single cells.
Accordingly, in one aspect, the nethods of the invention provides preparing

a Iibraréé %1 t he DNA oducts of the i entlon In still_ another aspect,
the i nveRPEY OSP’OW&E%SC 986 antisegse, ﬁﬁk‘?‘-’n@ overdite, pai¥ {ogethar withepaod

conpri si IfoRRREsehtin W Bk of the
nmet hods gg%ucrl bgjgé here?rrlfﬁupl\%{ce% (‘ﬁ?v ug?%%?éggg%ﬁgﬁﬁhf ”?%54] The

anpl i fi c Ermdiybrig %I’r’dt!b sgquetnlm prnseantn cmiy an@pmmatmnmémmhyugw imﬂéd for use
at least) .a first and

bt h
!sgcggd { gﬁ%re a? g PWE t‘?f e Sﬁ ?IS HS‘? t°(§ A &, inbyhddizedmolegtlpbds
descri beﬂ:phggélﬁmg @ff@eﬁ%@%@ﬁgeﬁoﬁgﬁg%cgyl g& %!s@n LA 9¢ts. % PNS' eoti des

in the sane sanpl e, t he ven Ton areé stita
pr oduci n B3 Vansielder, iS. fategt Nos6,29h iEM ’ﬁhdmstha@ofrsubﬂrﬁjt@eacl d SUI tabl e

for use ubtractive | di i on. For_ exanple, two nucleic
acid 68 % %&% %é’?ﬂ%d Wﬁ&}%@%@ﬂl@%ﬁﬁ\l@fﬁc@ﬁ% hybyihizaliengsingnd one
ant i sensmnplmdalt&geﬁRNA\éed to m x together with one population present in
nol ar excess (" drlver uence present in both populations will form

hybri ds, [0&&%] e seqdy anitention pravides mﬂpﬂptﬁd»@erﬁ)rmmmabmncnve

si ngl e- s varlo wel |. kn y are used to
separ ate t & unn yggi:agﬁ%géﬁ oing)&ﬁ’rn@s Pé%’f‘@g%m"m&f@ %E 9fahg y expressed
sequenc emm;ﬁaﬁent of girget Iﬁalylhml@mldﬁ fréth a firkt p%lyﬂﬂ@fe@ﬂ&e ulation Wig Ay of Van

Cel der, t ent 291, 170. The net hods of tractive

hybri di 7 P’S‘H ?%\?F’d‘é"éh?f@rdéﬁwb&ﬂée@m’tané (h)éwb&ldlgmgttbdmﬁllirpls;cmmsa:oial ve

hybri di 225 A
Mvent i aacoRpdtphisiordrBapdfh, LALRGY » R onkhiRel HeS R soR A st n, sai o
net hods papmiatios forgs a(e@)nm@ewahn)mwlm @ﬂmem% p6BRL@Sotide Jopflati® npheneNt of

target pol ynucl eotide froma first _pol ynucleotlde popul ati on using any of
t he anpllflﬁlnélgfllaggﬂ PRRYRS g‘h%‘%“ctlﬂ? BEforpdngsybtragiivg hybyidizgtion, aeidimeihadse

mul ti pl eoagiisPg: ﬁ%ﬁmﬁ@ﬁﬁT@l@%ﬁMt@f&%{g&eﬁgﬁ f%{ 16%’0};1%%&’%9&1@0&3

subpopul ation of the second pol ynucle a conplex with
DNA cop|f&mGfﬁfﬁmlymilﬁl@@tlmma@smganpoﬁﬂie@mphﬁcaﬁﬁmmwmﬁ&sﬁdﬁstﬁhbdm SO

provi de bt.rac hyb i di at | on sai d et hods
conpri sﬁlngé%ﬁb Eg§ecé&[ ﬁ?({q]dS%BP@Btb?"eé” ¥e%§' of thersegend east one
pol ynuclpeptlatien forms a complex with a copy from the copies of the ﬁrst polynucleotide

population. In preferred embodiments, the polynucleotide populations utilized in
subtractive hybridization are RNA populations. In some embodiments, "driver" single
stranded anti-sense DNA product of the methods of the invention is combined with tester
(sense) RNA species. In some embodiments, "driver" single stranded antisense nucleic
acid (generally, DNA) product is produced using the methods of the invention described
herein.

[0226] In another aspect, the invention provides methods of differential
amplification in which single stranded driver (antisense) DNA sequences that hybridize
with tester RNA sequence are subjected to cleavage by an agent that cleaves RNA present
in a DNA/RNA hybrid, such as RNase H. Cleavage of the RNA results in the inability to
generate single stranded DNA product from the test RNA strands. Conversely, non-
cleaved tester (i.e., tester RNA that did not hybridize to driver DNA molecules) may serve
as a substrate for subsequent amplification. Amplified differentially expressed products
have many uses, including as a differential expression probe, to produce differential
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froma first polynucleotide popul ation using any of the anplification

nmet hods described herein to a second pol ynucl eoti de popul ati on, whereby a
subpopul ati on of the second population forns a conplex with a copy from
the copies of the first polynucleotide population. In preferred

enbodi neM&2004¢/pR410| ynucl eot i de popul ations utilized i nPCEUB2MW040127e

hybri di zati on are RNA popul ations. In sone enbodi nents, "driver" single
stranded anti-sense DNA product of the nmethods of the invention is conbined
with tes R ' ﬁm}ﬁ | ek i single

st randedé}ggﬁsgogggbzﬁne&c?@f@aﬁ%ﬁﬁh? igdgfﬁera ?m%%gﬁ%gﬁ éirééllﬁ%% oduced usi ng
t he net hawplibidativh ef pneemnowRNAsemplataiseqhence;j said 1eAaé Lomprisingit (@r aspect ,

the invention proyides . netho f diffe ial., applification j i ch
Lol o Pl Rl P Ean espoinitys DRAN sAkies St Ra compliment oAt -
tester RNOMSESMERNA | : . es RNA
present in a DNA Rl\%p%/a El‘é?ﬁl%&%ﬁ%ﬁ%ggﬁ Qﬁ%gﬁ%ﬂy&n gﬂg\?ggg&g?i’%ﬁ%ﬂ%?’esul ts
i n the i hypidizingtheonulpleeopice tea sefoad RNA pdpdatipiwberty atsubpapulatibe of est RNA

t ds. ,,Co , - d tester. (i t est RNA that .did t
o RN EIAL o RS S lih v o D SRR 1
anpl i fi cadrhPlex of ¥18Y (U)vAth & driz§hRtht#ldaVe SRRASTGE dn R'N)'Q/‘Em,ﬁ PF?‘Z‘?I;Z‘H? %gi ?Vl uses,

including as a differential ekpression probe, to produce 69 WO
2004/ 092anplifpy awspbyhridizarsdpopuiptiersef the s¢dobd RNAepopulation; whexgby, t he

o o RnARPRTR LS T nblrtrandid HNA Eorabtgivan Slinets BriakBe SebropmgtoRl 1 i ol o
pol ynuc! epihé decohd RMNEA pbpilatidA¥i geiRhed. B sonitfertiyiith 848 NepAll) BYRrfofh&IM 2

first RNA _popul ation using any of the amplification nethods” déescri bed

her ei n; w98 anyoftheiamplification mrathedsplescrihedibewsin. dnsomecorhodiznpnth dpul at i on,

& DA sy e St 1 Brteg AP RERTeoue B Bolus ) G SR oy
that cl ecorapiembis df ablasonRRN DbARybssi of intarest ftehh a f&éfﬁhﬂ&ﬁfﬁ@aﬁgn using

unhybri di zed, subpopul ati on of the second, RNA popul ation, ere mul tiple

copi es o?nygqf Fnpltiicatige methods dsssiberbaein tp asscendeR Y Ariyaprlaionoghereby a
S0l b Bt 4 SRR IR SOV O BT 1,

enbodi ne ,  step I'S pertor usin
descri bededangRNA inrths coreplexrbf stiepéa)tveith ahenzyme i dieacesRNAsfothybhr i di zi ng

mul ti pl I c) eotj de ener.al.ly, copi.es of the | eme f at
| east IOo ! M&ﬁ]@@%‘l é??aﬁnﬁilgf‘%%fm ?W‘Q‘Zgii papopplatipn Bgﬁ‘gtg?‘iﬂ‘i‘dﬁé}]‘g g any
of the %ﬂétioﬁ%h&@bfﬁhﬂﬂﬁécﬂﬂ%ﬂs?ﬁ%e HeALIDNA ford %:?igﬂta% tgopul ation,

wher eby "a’ subpopul at’ion of tHhe sec RNA popul ati1 o rnms a conplex with
a DNA coghybrigized subpopulation of the second RNA population are generated.

[0227] The following Examples are provided to illustrate, but not limit, the
invention.
EXAMPLES

Example 1: Global amplification of human genomic DNA using a composite primer

and random hexamer primers

[0228] Global amplification reactions were performed using composite primer 1A20
and human genomic DNA as a template. The sequence of composite primer IA20 is as
follows: 1A20: 5'-GACGGAUGCGGUCUACACIAdGdTdGdT-3' (SEQ ID NO:1), whete
italics denote ribonucleotides, and "d" denotes deoxyribonucleotides.
[0229] Human genomic DNA (Clontech, Cat. No. 6550-1) was diluted in TE buffer
and denatured by heating to 99°C. In some samples, DNA and primers were mixed in
amplification buffer and heated at 96°C for 2-4 minutes.
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cleaving RNA in the conplex of step (a) with an enzyne that cleaves RNA
froman RNA/DNA hybrid; and (c) anplifying an unhybridi zed subpopul ati on
of the second RNA popul ation, whereby multiple copies of single stranded

DNA conpWemsp/emyist o t he unhybr| di zed subpopul ati on ofpciyiags2865R5Ee RNA
popul ati on are generated. [0227] The foll ow ng Exanples are provided to
illustrate, but not limt, the invention. EXAMPLES Exanple 1: d obal

ampl i ficgh nom ¢ .DNA .u a _canposite primer and random
hexaner @ rs [0 H%’W@%IW@'&%’%H eaeactions wer e perforned using
conposi t[82pt]i mer |289of predieRatiRsd m@eﬁoﬁ\d&)ﬁﬁ @pprémlafifsoo’piggauence of

corrp0|t I mer 1A20 is as foIIows
GACGC&M W@@h@nmmon sad) (Qisgeni@gerstenot e

r| bonucligat Nde$p denot es deoxyri bonucl eotides. [0229] Human genonic
DNA (d olnt ech, wékt\glgr)é%o 1) was diluted in TE buffer and denatured by

heat i ng 02339C. | 0.5
eat i ng [0233] RS0 p) CmpoShd pitih DUNTES MRERREEL N M4 002418

anphﬂag%gn buff e nd heated C for 2-4 mnutes

PCT/ US2 12779 0- {B BEDNA@hBneraw (A94&abi(Now EriglindrRioksts, Csteldg [ 0231] 2
ng of pr}%_%@@gzr ed human genom ¢ DNA (approxi mately 600 copies) [0232] 2
1 of random hexanmer N6 (final concentration 2.5 M (Q agen-Qperon; item

No.: Pol[)385]6- 101 il orlc |
RN gt T e U i LR T Ly

concentr. |on

Engl and QQZU?@A%TEQ‘B S M ma&?d BSa284d] ugml T4 igp32 protefd, iOnkA pg/pl)),
concent ragalon 20 MM Tris-HCI, pH 8.5; 5 mM MyCl2i RNasin, 0.3 UI; DIT,
0.5 MV acetylated BSA, 0.1 g/I T4 gp32 protein, 0.15 g/ 1)) and [0236]
.RNase- f 18236}at er tl?d\lefsemmrmﬁnalfvolﬁnaoﬂmﬁ?] The m xture was incubated

at 30C f m nu Ilowe 5, m_nutes at 40C, and 2 minutes at 50C.
[ 0238] é@”if enzﬁﬁ upas %141130F¢ﬁ%n wingesniollewed by Sfmipnies st U/ | ;

and Bsu0fNAnRQ mimetasesddcar ge fragnment), final concentration 0.2U 1) was
added, and the reaction was incubated at 50C for 30 - 40 m nutes. The

reacti on9238% st opped obgnzyme mixture (RNase H, final concentration of 0.025 U/pl; and
Bst DNA polymerase (large fragment), final concentration 0.2U0/pl) was added, and the
reaction was incubated at 50°C for 30 — 40 minutes. The reaction was stopped by
incubation at 80°C for 5 minutes to inactivate the enzymes.
[0239] Control reactions were prepared in which either composite primer, N6
random primers, or RNase H were omitted. In control reactions, the corresponding volume
(of the omitted reagent) was replaced by water.
[0240] Amplification réaction product was analyzed as follows. 0.5 pl of reaction
mixture was loaded onto 4-20% gradient acrylamide gel and electrophoresed at 200-220 V
constant voltage for 30 min. The gel was stained in 0.005 mg/ml Ethidium Bromide for 2
minutes and washed in water for 1 minute. The gel was then visualized and photographed
on the Alphalmager 2200 system. The results are shown in F igure 9. Lanes correspond to

the reaction mixtures containing the following components:

[0241] Lanes #1-2: Complete reaction mixture

[0242] Lanes #3-4: Reaction lacking N6 random primer.

[0243] Lanes #5-6: Reaction lacking composite primer.

[0244] Lanes #7-8: Reaction lacking RNase H.

[0245] Figure 9 shows that amplification product of varying molecular weight was

produced in reactions containing the complete reaction mixture (described above), and in

71




I ncubation at 80C for 5 mnutes to inactivate the enzynes. [0239] Contr ol
reactions were prepared in which either conposite priner, N6 random
primers, or RNase H were onitted. In control reactions, the corresponding
volune (of the omtted reagent) was replaced by water. [0240]

Anpl i fi O¥O2004/00268t 1 on product was anal yzed as fol | ows.PAX/EB20048M277@ act i on

m xture was | oaded onto 4-20% gradi ent acrylam de gel and el ectrophoresed
at 200-220 V constant voltage for 30 mn. The gel was stained in 0.005"
ng/ M Etjgh ﬁ{ﬂ%rpj F?“‘P LN WESHRES whik : : l.nute. The
gel was rtgéhcgihﬁ\q/aicsuaI iggaélﬁg%l p %Pts'ogtrog%ﬁ%g%aon tﬁg%&@%ﬁfﬁ@g@rsystem
The r esRINasedt wershnmitted didaalshew detetableseadion@s@inotd to the reaction

Tencti orlOR or o miBicatinatoduat wss RURALPORSInk o RO NBETRORNEDr | et
[0243] Lengpndwefe: IS%Z&HA%IE%F&%& &Qémaiahgvé? g, a{ior(;i %)Qﬁ%%asltﬁﬁ%ﬁ #7-8:

Reaction | acki ng Igure 9 shows t i cat1on product
of var yilf§-foll and @ jdrof e djhttedermnplesr weieaset] inReabTihé BOR quantifidativmgrithhe

conpl ete, reaction mxture (descrj.bed apove), and in 71 WO 2004/092418
PCT/ USZ%B%?@?W“‘P@%%&@IMQ SE1e CORY SFAUSRESRI Shromesewe /s 1 eact i ons

i n whic osit ' T mdé Thit | not s det ect abl e
reacti orrll()%‘r){‘)rguct ) 9[2%’5126 ArrpplnlAL i catl on&%{[(g: uct @\gg Igjufa%%q' ' %)S%i ng the

f ol | owi 18248 ocedur221PR2 €SeFGOAGAEAT TATIRGEO-3A(BREQIDMNB:sed )as descri bed
above. ion m Xt ur s dj,l ut ed -f ol | of the dilute

sanpl es Ff@@f”h used éﬂpﬂéﬁ%‘f’i"ﬂ% Wragéﬁﬁ:i ?@S&ﬁ%ﬁe’q’Fﬁé&%}“F %’g

pri mer nﬁkéﬁaiﬂ@%??&ﬂﬂctf%éﬂPéR%AcﬁoﬁMm%éﬂﬁ%ﬁ&l:QFLIGN IREQfEcH( - [0247]
221PF2 (5' -'AGTATCIGCCACATCTT-3' (SEQ ID NO ) and [0248] 221PR2

(5' - GCGRENRATOA L WatE, 30 1l o2 SWBRGreen PR MegtdalMix\(Applieid Biosystems), ahd

P oduct 2P a8 st KRR Gheon Bhove]. A SpbStreioGPBach or i mer
6 t1 of conteted usthg 2 Of mZéanPERBIR DITA, m&&&ﬁ‘taﬁfé)ﬁhbé(ﬁdn%mﬂoﬁ%rﬁlﬁﬁa’s% ens),

and 2 d diJuted reaction mxture (diluted as described above). A control
react i orieMBldte. conduct ed using 2 | human genomic DNA, instead of

anplifi i@N I eaGh] ] . | cycling
progr amcigisse was: %ﬁ%%?%g%ggiﬁ%ﬁﬁ%%%%Pg&gﬁég%9 %:Ogefgﬁﬁéggbf 94C for
30 sec. foB&@d oy 436ycksmf 94%0 tor BBGet.055°80fo8 86 secli@d Re®( for 30 sec. The Real

Time PCR quantification data were presented as Ct values (threshold cycle). The values

obtained for quantification of amplification products were compared with that obtained for
2 pl human genomic DNA (labeled "non-amplified Genomic DNA" in Table 1). The
dilution factor between the diluted global amplification products and the original human
genomic DNA input into the amplification reactions is 1000 fold. The data were

summarized in Table 1.

Table 1: Quantification of amplification products and target human genomic DNA
employing Real Time PCR with SYBR Green. A single copy sequence on Chromosome 7
of human genomic DNA (221) was used for determination of amplification efficiency.
Amplification efficiency is expressed as the relative amount of this single copy sequence in
starting genomic DNA sample and following global amplification.

Reaction components Ct Efﬁciency
Complete 29 4000 fold
No N6 random primers 36 40 fold
No Composite primer None None
No RNase H None None
None (non amplified Genomic DNA) 31 None

72




Time PCR quantification data were presented as C values (threshold cycle).
The values obtained for quantification of anplification products were
conpared with that obtained for 2 | hunman genomi c DNA (I abel ed

" non- anpWid Joedosersori ¢ DNA" in Table 1). The dilution g@&edhodgiwgen the
di luted gl obal anplification products and the original human genom c DNA

I nput into the anplification reactions is 1000 fold. The data were

sumari zed in Table 1. Table 1: Quantification of anplification products
and target human genomic DNA enploying Real Tine PCRwith SYBR Green. A
singl e copy sequence on Chronosone 7 of human genom ¢ DNA (221) was used
for detefd2bnati on @fa REGHd & ' | gl : Lfi lon efficiency is
expr essegngls]ajt he rel ati Vgé;b@@%%?ﬁg?ﬁﬁa&é gé@?ﬁépg%é%ggﬁéedn@%‘% n starting
genoni ¢ EPRosHnplimenkdPOfessdntialings disolibed atrpt.i Foltaiing BmpRaatiohosve@nponent s
C Effi lete 29.4000.fold. No N6 randompriners 36 40 fold No
Conposi ﬁ%%??eﬁ%&%wgrﬁ\%‘ﬂﬁt‘éﬁ@“%é@Rl\ngsl?@%ﬁ@tlaﬂﬁ aedesaabedabore.f i ed
Genoni ¢ ChibnosdmAlde@itién o¥\ar / F In a
second experinment, human gegn%%é%l@%%%?@n#ﬁﬁ%&é{ﬁ%Sglgwné'gig%}é?te pri mer
| A20 es sjé%ﬂ? 4 phoyvsibe mlativeiameuntofterset selgothce\fbliviagplobhi aaplifivatios euer al

t ar get p wer uant ifi usi Real_. Ti.me  PCR essentially as
descri bztgga g@@éﬁtl\éﬁﬁﬁi&%&%&aﬁgﬁﬁ%{ﬁ quentifigation daie werehressntgd @s BER pri ner
pai rs anahsb@hreshsldtadlee 2. Table 2 shows the relative anount of target

sequence follow ng gl obal anplification, and the anplification efficiency.
Real Tinme PCIi‘-@QL?aﬁt i fication data were presented as C values (threshold
cycle). Table 2: Real tinme Anplification Target |ocation Forward PCR
prinmer Reverse PCR primer Delta C(t) fold GGACGIGTGITCCTGITAA

‘ qafimgpAmpliication
e ATC AR CRAACA il BERRANE. 5 ek BoR Rihery . Bt 5 Ao ToK ( S| D
NO ) 4 3000 ACGTHameACRERETFaToR TAGRGATGLTGIGEAAT

chromosome #6 (SEQIDNO__ ) (SEQIDNO_) 3.5 2000
chromosome #7 (SEalbNOL) 1| ey TTTo0e 4 3000
chromosomé 11 %%%T;gcggic)sccrremcc z’SG-EP(\)GgCI\(‘)éETGTGTGGAAT 5 800
chromosome #12 ‘(L\s{géfg gB?E,;‘GATATCHGGT ;l-SCE%ClT)Agg::_C?GCTACTTCT 25 1000
chromosome #16 ?s%%cl?)AI\?cl)\ngCMGGGAC {sCEg% SSSCGAGGGCA 25 1000
[0252] In a third experiment, human genomic DNA. was amplified using composite

primer BSCA-128F essentially as described above. The sequence of composite primer
BSCA-128F is:

[0253] 5-CGUA UUCUGACGACGUACUCdeCdAdeCdCdT—B' (SEQ ID NO:2)
where italics denote ribonucleotides, and "d" denotes deoxyribonucleotides.

[0254] Amplification reaction product was analyzed as described above.
Amplification product of varying molecular weights was generated, suggesting that the
composite primer permitted amplification from a multiplicity of template sequences.
[0255] Although the foregoing invention has been described in some detail by way
of illustration and example for purposes of clarity of understanding, it will be apparent to
those skilled in the art that certain changes and modifications may be practiced. Therefore,
the descriptions and examples should not be construed as limiting the scope of the

invention.
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chronmosone #11 (SEQ ID NO) (SEQ ID NO. .j 2 800 AATAATGICCAGATATCTTGGT
TCCCTACTCCAGCTACTTCT chronmpsone #12 (SEQ ID NO..J (SEQ 1D NOJ 2.5 1000
CAGCAAGAACACAAGCGAC TCTTGAGAGCGAGECGCA chronpsone #16 (SEQ ID N (SEQ I D
NQJ 2.5 1000 [0252] In a third experinent, human genom c DNA was anplified
usi ng conposite prinmer BSCA-128F essentially as descri bed above. The
sequence of conposite prinmer BSCA-128F is: [0253]

5' - CGUAUUCUGAGRO SdoaYebSd §dCAACICACdT- 3" (SEQ ID NO 2)  pReAR20d4Abh S
denote ribonucl eoti des, and "d" denotes deoxyri bonucl eotides. 10254]
Amplification reaction product was anal yzed as descri bed above.
Amplification product of varying nmolecyigs wei ghts was gener at ed,
suggesting that the conposite priner permtted anplification froma
mul tipliclty ohmethmsl ot empbficasioned a tefupRESPNA| tomoprgding: he f or egoi ng

i nvention haslfb en descri beﬁ?. in .s¥)rre dgai l.. b¥ﬂv\{a¥ of illustration and
exanpl e for p Pg%%%a B8 APPSR RLRBITHE S ORI e apparent to
those skilled in the akpldebNggrtain changes and nodifications may be

practiced. Therefore, the descriptions and exanples should not be
construed as |initi(Hgadisg psiorssevbdreintbe firshpemer ishybridzally foomubphaits

PCT/ US2004/ 127 I t.hod £or anmplificatien & tenpl at e. ,
conpri si ng: (a%ﬁ?mn%éagt}%@?igﬁ{ag%%g% f{irg%p rrlnr'rnrg GAEP %1%11'11%1 ((?)ffedé%?rieg{l%nnﬁof lltjérjglA
conprising: (grimes teoateisiiNAn KINA)poatidr drilita PIDNR portwie ivbereid &ehf i r st
primer is hybridizable to a multiplicity of tenplate sites, wherein the
first primer iSOMPOBEHRIMES WmmIscyn Bt BdAm seeiepes iand whereiheach campnsite

conprising an JA:ROk HiRA ARy af coltiNAAS bBRion IR ICAR HEBRaORPRE ! L ©
primer conprises a random sequence, an erein each conposite priner
is a tailed prtemplatet DNA wolkepcosiitsors ib whidrthe first plimbr hybridides fiythei di zabl e to

the tenplate rr.conditions in which the first priner hybridizes to
the tenpl atet%a%?sﬁﬁ a DNA- dependent DNA pol ynerase; and (iv) an

Fﬁt dggrerr:]qtentgeﬁglf\a{q?g%qglﬁgggépem%@ @jmbgg,lﬂe%&bﬁhi on i s under conditions

(iv) an RNA-dependent DNA polymerase;

wherein the incubation is under conditions that permit generation of a
complex comprising an RNA/DNA heteroduplex, wherein said complex
comprising an RNA/DNA heteroduplex is produced by hybridization of the first
primer to the template DNA, primer extension to generate a first primer extension
product, hybridization of a second primer to the first primer extension product,
and extension of the second primer to generate a second primer extension product;
and
(b) incubating a reaction mixture, said reaction mixture comprising

(1) at least a portion of the reaction products generated according to step
(a);

(i1) an amplification primer, wherein said amplification primer is a
composite primer comprising an RNA portion and a 3° DNA portion, wherein the
amplification primer comprises some of the sequence of the first primer, and
wherein the first primer and the amplification primer are different primers;

(iii) a DNA-dependent DNA polymerase; and

(iv) an agent that cleaves RNA from an RNA/DNA heteroduplex;

wherein the incubation is under conditions that permit RNA cleavage,

primer hybridization, primer extension, and displacement of the first primer
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conpl ex conprising an RNA/ DNA het er odupl ex, wherein said conpl ex
conprising an RNA/ DNA het erodupl ex i s produced by hybridization of the
first primer to the tenplate DNA, primer extension to generate a first
primer extension product, hybridization of a second primer to the first
primer extension product, and extension of the second priner to generate a
second priner extension product; and (b) incubating a reaction m xture,
sai d reaction W(%iddéﬁ%ﬁcﬂgp” sing (i) at least a portion piEriR8odsf@64d on
products generated according to step (a); (ii) an anplification prinmer,
wherein said anplification prinmer is a conposite prinmer conprising an RNA
portion and a ZterdNA REAL: When‘{‘@%@\'i‘sél&ﬁled@ié@ﬁ%ﬁ&%ﬁﬂcﬁ[dn@fm&omr' Ses
n

some of the sequence of the first primer, a erein the first prinmer and

t he anplifi catbiods fortherescond eriief £xtersion prodwnetasd is(exkanyled soppthaiegreneient DNA

pol ynmerase; and (iv) a ent. that cl eaves rom an DINA

het er odupl ex; 6’9\%{5‘}()& al’ilgtsﬁ'gn‘l!’]ﬂ’éﬁ]ﬁ‘éﬂq%ﬁ afesreﬁ?%%wi%ﬁ?g} ﬁ%@@{c%?s %fea it RNA
cl eavage, prid]ﬁﬁliﬁ&{}()ﬁ fzabd 28 gerhte®r extension, and di spl acement of the
first primer 74 WO 2004/092418 PCT/ US2004/ 12779 extension product when
its RNA i3 cl eBivoncthnd ofipleirhdr whensin faidBNAodensndent PNA palimetase arbsaibcond
primer extgnskon pr and 1s extended, such that priner extension and
Bt rand o SOTSIERaREe DI R B ER E0e ISRt PbeB 5 of 4 an

anpl i ficag.i on Pheogletibd af elagenewateth sazl DNAeddpehdat DOTA pblaiierake anheiiki n sai d
DNA- dependent DNA pol ynerase and said RNA-dependent DNA pol ynerase of step
(a) are tRNAsdapendsas PREA palymperase of 8188 da)gre diffsrent enzyiisr ei n sai d

DNA- depengent BNA i d- - of step
(a) are d%!f ferent g‘ﬁ%%?ﬁﬁﬁ%ﬁ%&ﬁ%@%@y@ﬂg%%%% s%dﬁil? indégglf%% i rst

pri mer andnegironegecond prinmer are the sane priner. 5. The nmethod of claim
1, whereip sai fir@t pgi mer .angd sai d. second gri r.are different priners.
6. The method Bie BREBPAPLCIauh A, wheredyeis sy Pira aaflpideepslPrisnel i ¢ on of

an agent gitRht Gligaxes RNA from an RNA/DNA heterodupl ex to the reaction

m xture of step (a). 7. The method of claim1, wherein the agent that
cl eaves RNA f r’bm methRlof S 1, wherein step (b) is initiated by the addition of an agent

that cleaves RNA from an RNA/DNA heteroduplex to the reaction mixture of step (a).
7. The method of claim 1, wherein the agent that cleaves RNA from an RNA/DNA

heteroduplex is an enzyme.

8. The method of claim 7, wherein said agent that cleaves RNA from an RNA/DNA
heteroduplex is RNase H.
9. The method of claim 1, wherein the RNA portion of the first primer is 5° with

respect to the 3 DNA portion.

10.  The method of claim 9, wherein the RNA portion of the amplification primer is 5’
with respect to the 3° DNA portion.

11.  The method of claim 1, wherein the RNA portion of the amplification primer is 5’
with respect to the 3° DNA portion.

12.  The method of claim 11, wherein the 5° RNA portion of the amplification primer
is adjacent to the 3° DNA portion.

13.  The method of claim 1, wherein the RNA portion of the first primer consists of
about 7 to about 50 nucleotides.

14.  The method of claim 13, wherein the DNA portion of the first primer consists of

about 5 to about 20 nucleotides.
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het er odupl ex i s an enzyne. 8. The nethod of claim7, wherein said agent
that cleaves RNA froman RNA/DNA heteroduplex is RNase H 9. The nethod of
claim1l1, wherein the RNA portion of the first prinmer is 5 with respect to
the 3' DNA portion. 10. The nethod of claim9, wherein the RNA portion of
the anplification prinmer is 5 wth respect to the 3 DNA portion. 11. The
nmet hod of claim 1, wherein the RNA portion of the anplification prinmer is

5" wth respegiobaiddesz DNA portion. 12. The nethod ofpcgh@ghsdia774herein
the 5 RNA portion of the anplification priner 1is adjacent to tf{e % DNA

portion. 13. The method of claim1, wherein the RNA portion of the first
primer copsi st $h@metRBVClalm 19 wRBRH] thrGITIA Dol 8R andftifichién pRkiod of

claim 13, wherein the DNA porfion of the first primer consists of about 5
to about ocWnsisticfebpiidet.abpat SAMRIBMIKIES2418 PCT/ US2004/ 12779 15. The net hod

of claim wher ei n,.t he rtjion.o amplifi.cati on.pri.mer. consi sts
of about ]}610 i%%ﬂ’teth’:?g oﬁ?’é‘ﬁggsi Hh%r.elnl%’.e%p 'toﬁ(?gﬁﬁ’fa qg{%ﬁﬁl‘?@?mﬁﬂerei n the
DNA port i gghsiats dfhBoaPlol dbbeElo Rikiddtigeer consists of about 5 to about 20
nucl eotides. 17. The method of claim 1, wherein the reaction m xture of

step (b) Urt hEhe methodiof elimd, whercoathomeastibn mintisotfistép (b1 Burthdheomppistod of
claim 17, amﬁglf_rg%ﬁlﬁé%ggu non-.canoni cal nucl eotide is dUTP. 19. The net hod of

claim1l, rcé%?é]tdf:'on m xture of step (b) further conprises a

| abel ed nig:| eoThélfethdQ.of Alafetl oehérein taeRbh-Lialdabiuciotide idiRt € DNA,
conprising: incubating a reaction mxture, said reaction mxture

conpri si n§9.. ( aYheamethed o€ ¢lags dpywhereiyths reagieprixtprgof istep (Refuatheienmrsises
wher ei n t hercARlL&%otides 9enerated by incubating a first reaction mxture,
said first reaction mxture conprising: (i) atenplate DNA, (ii) a first
prinmer; wker ei A mdthod for smpfificatiom dfs tamblatdDXaAD c@nprdsimg:nul ti plicity of
tenpl ate sites, erein the fi.rst %r.i mer is a populatjon of different

conposite prifEY U8 AHCCHAP MIEURG Saif TragHOp SHXUEFORMISIES' DNA porti on,
wherein the (a)acomplex comprising a RNA/DNA partial heteroduplex, wherein the complex

is generated by incubating a first reaction mixture, said first reaction mixture comprising:

(i) a template DNA;

(11) a first primer; wherein the first primer is hvbridizable to a multiplicity
of template sites, wherein the first primer is a population of different composite
primers each comprising an RNA portion and a 3° DNA portion, wherein the
composite primer comprises a 3° random sequence, and wherein the composite
primer is a tailed primer that comprises a 5° portion that is not hvbridizable to the
template DNA under conditions in which the first primer hybridizes to the
template DNA;

(iii) a DNA-dependent DNA polymerase; and

(iv) an RNA-dependent DNA polymerase;

wherein the incubation is under conditions that permit hybridization of the
first prime'r to the template DNA. primer extension to generate a first primer
extension product, hybridization of a second primer to the first primer extension
product and extension of the second primer to generate a second primer extension
product, whereby a complex comprising an RNA/DNA partial heteroduplex is
generated;

(b) an amplification primer, wherein the amplification primer is a composite

primer comprising an RNA portion and a 3’ DNA portion, wherein the amplification
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conposite prinmer conprises a 3 random sequence, and wherein the conposite
primer is atailed priner that conprises a 5 portion that is not

hvbri di zable to the tenplate DNA under conditions in which the first
prinmer hybridizes to the tenplate DNA, (iii) a DNA-dependent DNA

pol ynmerase; and (iv) an RNA-dependent DNA pol ynerase; wherein the

i ncubation is under conditions that permt hybridization of the first
primer to the {wyhloaia2ddyA priner extension to generat eparfihbs/REhgrer
extensi on product, hybridization of a second prinmer to the first priner
extension product and extension of the second priner to generate a second
primer exp@mel WmprRESSHH of B SERRWcATABLL ¥rifeRAhd ShBirdhe RNAPENRA, parti al
het er odupl ex is enerated; (b) an anplification prinmer, wherein the

anpl i fi catiuddhe pmphieation paineesmpodifieeent primetss conpri sing an RNA portion and a
3" DNA portion, [ h ifi,cation 76 WD 2004/092418

PCT/ US2004/ 127(%\£Afjg\§‘§ﬁfegpé%d§%€ﬁﬁé\e%d¥w5%fa he sequence of the first

priner, and whel) ehBgdrd€hal cledVes RN AEFom aA RNABNNRétblodGEX,0N primer are
different priners;. (c).a DNA-dependent ol ynerase; and (d) an agent

DNA
that cl eaves RNRereinghe meuigmnpmandsscenpdidiops 'g&t;PWmiélFéMq clepeagenprifBelt i on i s

under condiwtd 1.L: cl: i 1.di i riner
ext ensi on, btéfrﬁlgag? s’gl aceg%%bglggh@gedliﬁcgﬁ%gr (lﬁrr%ér@{es}&) Je?%lgii: %ﬂ;érf)s?oéchg?uCPV\hen its
RNA i s clwhateitk RNA iackbbhel arsingalotter amiplificatiohippigier bindd so the sedvad peieend pri mer
ext ensi on product snd%%ffjéextend , ,such that pripnmer extension and strand

d : .
di spl acenBnSIO8REOTuSH FXIRAR,-SB5h thal RUBETExEapoR ané i HRRGMCEGL i on
product afe reﬂﬁ%ﬂ,a\kﬁé;e'\l%ﬁi Bikﬁ d(% rsgthn%n gkt B odyd ere‘%eﬁel’:a{%& agent t hat

cl eaves RNA froman R Dml % uplex 1s an‘enzyne. 22. The net hod of
cl ai m 21, 2wherBiemethed ehelgime 20 hahereingbe agenRiiat ¢leaves RINA bty DNNAINAodupl ex
i's RNase H't Z‘i‘j The nmet hod of claim2l, wherein said DNA-dependent DNA

pol ymaras}g 4R pé%laangﬁm that cl eaves RNA from an RNA/ DNA het er odupl ex

are the sane erwyfBthod 4f cldihe 2 MBLRQEinGhe Sl NER clAAQTEVA fidh dn DNA- dependent
DNA pol ynerase and said enzyne that cleaves RNA from an RNA/ DNA

het er odugRNA/RAINA heterodunden iséi¥apekk. 25, The nethod of claim 20, wherein the
RNA portipn OfTﬁer}ﬁetBb& 3t c1Bink 9 ,rwﬁesrei% saidf IBIQA-dependent DNA polymerase and said

enzyme that cleaves RNA from an RNA/DNA heteroduplex are the same enzyme.

24.  The method of claim 23, wherein said DNA-dependent DNA polymerase and said
enzyme that cleaves RNA from an RNA/DNA heteroduplex are different enzymes.

25.  The method of claim 20, wherein the RNA portion of the first primer is 5* with
respect to the 3’-DNA portion.

26.  The method of claim 25, wherein the 5> RNA portion of the first primer is
adjacent to the 3° DNA portion.

27.  The method of claim 20, wherein said first primer and said second primer are the
same primer.
28.  The method of claim 27, wherein said first primer and said second primer are

different primers.

29.  The method of claim 20, wherein the RNA portion of the amplification primer is
5” with respect to the 3’-DNA portion.

30.  The method of claim 29, wherein the 5° RNA portion of the amplification primer
is adjacent to the 3° DNA portion.

31.  The method of claim 20, wherein the RNA portion of the amplification primer

consists of about 7 to about 50 nucleotides.
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respect to the 3'-DNA portion. 26. The nethod of claim25, wherein the 5
RNA portion of the first prinmer is adjacent to the 3" DNA portion. 27. The
nmet hod of claim 20, wherein said first priner and said second priner are
the sanme prinmer. 28. The nethod of claim 27, wherein said first priner and
said second priner are different prinmers. 29. The nethod of claim 20,
wherein the RNA portion of the anplification primer is 5 wth respect to

the 3'-DNA por{iinosd92418ne method of claim29, wherein § 20 7-§§)I’tl on
of the anplifi catlfbon pr? mer is adjacent to the 3' DNA po?l?lll%n Zﬁ

met hod of claim 20, wherein the RNA portion of the anplification prlrrer

consi sts pf abprt méiha ofbRh 350wﬂéf€inQHE Dles or?iznmh%%%ﬁ%gtﬁ%rlmer
PCT/ US2004/ 12779 32. The nethod of claim 3 E wherei n DNA ‘porti on of

t he anpl |¢qn§1at8|0cfraqul5nterab01aid&®91®t®tldés about 5 to about 20 nucl eoti des. 33.

consi st s Bt andih Pabon st HRGh £0uhet e B Rk eortgn O ehamaE iR aF P ol m 33,

wher ei n tg&s]g%fg%l;m@qoggodﬂg@n@mbhaéscat| on priner consists of about 7 to
about 20 nucl eotides. 35. The nethod of claim 20, wherein the reaction

m xture fifrt heThQ:mﬁqbpdgéslaan Adrwhareindhe DATA parsibe of thdemplificatmeprivesthod of
cl ai m 35, _wherei.n ?‘E g%é:&@om t nucI eotide is dUTP. 37. The net hod of
e re

cl ai m 20, Comﬁgtrsealfﬁlb Aomextare further conprises a | abel ed

nucl eoti di5. 38Thefmbmblefclhif 26, WhdrEinGBé teabtid mixnire fatiRt CobPifses @AY | Si ng:
i ncubating a reactl on m xture, said reaction mxture conprising: (a) a
conpl ex dRngnieglmyeleptidsrer ext ensi on product and a second priner extension

product . i1er ofi ol bf S eler SKRLRLLORLRANEE LAIORNGITY d bY

ext ensi on of rst  prinmer hybri wi'th a DNA

pol yner as¥, \/\hﬁreemathbdhef $laims 20, prharein the naaendm\abmlde fiatilee céraprdsesullatiefpdi ci ty

of tenpl ate pal.ynucl eotide sites, wherein the first prinmer is a population
of di f f erBiicog %posite prinmers each conprising an RNA portion and a 3' DNA

portion, 3sherei %mop%{pgﬁéagﬁnwiaq&ﬁpﬁmk?&ﬁnﬁis%g: random sequence,
incubating a reaction mixture, said reaction mixture comprising:

(a) a complex of a first primer extension product and a second primer extension
product, wherein the first primer extension product is generated by extension of a first
primer hybridized to the template DNA with a DNA polymerase, wherein the first primer
is a hvbridizable to a multiplicity of template polynucleotide sites, wherein the first
primer is a population of different composite primers each comprising an RNA portion
and a 3’ DNA portion, wherein each composite primer comprises a 3> random sequence,
and wherein each composite primer is a tailed primer that comprises a 5’ portion that is
not hvbridizable to the template DNA under conditions in which the first primer
hybridizes to the template DNA, and wherein the second primer extension product is
generated by extension of a second primer hybridized to the first primer extension
product;

(b) an amplification primer, wherein the amplification is a composite primer
comprising an RNA portion and a 3° DNA portion, wherein the amplification primer
comprises some of the sequence of the first primer, wherein the first primer and the
amplification primer are different primers, and wherein the amplification primer is
hybridizable to the second primer extension product;

(c) a DNA-dependent DNA polymerase; and

(d) an agent that cleaves RNA from an RNA/DNA heteroduplex;
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and wherein each conposite priner is a tailed primer that conprises a 5
portion that is not hvbridizable to the tenplate DNA under conditions in
which the first primer hybridizes to the tenplate DNA, and wherein the
second priner extension product is generated by extension of a second
primer hybridized to the first priner extension product; (b) an
anplification priner, wherein the anplification is a conposite priner

conpri sing an %26’(%&959@ and a 3' DNA portion, wherein EE@/W&J/Hﬁ?H on
primer conprises sone of the sequence of the first priner, erei'n the
first prinmer and the anplification primer are different primers, and

wherein the a Lot Is H O c =T r1di -t 0 i mer
ext ensi on pr odunt Loy L e o e A e R Bl g

t hat cl eabrdgidRdtiony pimemexRiNaioDNMddispaceehent ek the f8t PN RRAEHEIOR Aidluct

PCT/ Uszoog[/ 12K79 wher.ein the.i ncuHati Q}nﬁéi.sé%?/ger congi tions that permt
RNA cl eavHG® thpsschid PRIISF FXFIsien Biedudhegyits hsleaved 3pd2RAtess| acement of

the first arﬂﬁfiﬁ'fa'ﬁoﬁ' ﬁ%ﬁﬁ% ib@Has Rh® Q‘&Eendg&%%ﬁ ifﬁt %%ﬁﬁk?{t&lrsfo%ﬁd SdRNsi on

product when its RNA is cleaved and anothe ication prinmer binds and
i s ext endéidplagamdnt ateaepgtédymhershy emdiipln capids of ansamdplifdia ol prodn@nate ar e

repeat ed, wherepy nultiple copies of an anplification product are

gener at ed®%5Yhe et hod of claim 38, wherein said agent that cleaves RNA

from a RN\§Y DNAThdeletiog@fRlat 38Swhe e BsentiBat IR SRNAOFoAfa IEVAIINAY,
wherein the enzyne that cleaves RNA froma RNA/DNA heteroduplex is RNase

H. 41. Theeteredejex isfancingyme-39, wherein sai d DNA- dependent DNA pol yner ase

nzymo. 49 ynent Plhef SR A7 Kt ThE e AP AR RERIRER, "D =

pol ymer asRNardNAhiecteredapleeistRiddsedl.eaves RNA from an RNA/ DNA het er odupl ex
e nethod of _claim3 8, wherein the RNA portion

are different enzynes. 43, Th
of the fitst pfhwg&ioé ok laign 8, whrgipeard RYArfrpendenbRNApplymekise amd thhe
o S oAk e oS o AR B Lot 15
first pri4der ahk maihdd o€ clim 3Py wikeeinanid DNA-depamdenpDNFepolymerase and the
enzyme that cleaves RNA from an RNA/DNA heteroduplex are different enzymes.
43.  The method of claim 38, wherein the RNA portion of the first primer is 5° with
respect to the 3’-DNA portion.
44.  The method of claim 43, wherein the 5° RNA portion of the first primer is
adjacent to the 3° DNA portion.
45.  The method of claim 38, wherein said first primer and said second primer are the
same primer.
46.  The method of claim 45, wherein said first primer and said second primer are
different primers.
47.  The method of claim 38, wherein the RNA portion of the amplification primer is
5’ with respect to the 3° DNA portion.
48.  The method of claim 47, wherein the 5> RNA portion of the amplification primer
is adjacent to the 3° DNA portion.
49.  The method of claim 38, wherein the RNA portion of the amplification primer
consists of about 7 to about 50 nucleotides.
50.  The method of claim 49, wherein the DNA portion of the amplification primer

consists of about 5 to about 20 nucleotides.
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46. The nethod of claim45, wherein said first priner and said second
primer are different priners. 47. The nmethod of claim 38, wherein the RNA
portion of the anplification primer is 5 wth respect to the 3' DNA
portion. 48. The nethod of claim47, wherein the 5 RNA portion of the
anplification prinmer is adjacent to the 3 DNA portion. 49. The net hod of
claim38, wherein the RNA portion of the anplification prinmer consists of

about 7 to abow%m“)wﬂ goti des. 50. The nethod of clai %é@@sw/gg%the

DNA portion of e anpliftication prinmer consists of abo out 20
nucl eotides. 79 WD 2004/ 092418 PCT/ US2004/12779 51. The nethod of claim

38, wheresn t hen RNGHBEG %b@ﬂn?%_&zﬁkﬁeﬁ@éﬁ‘bﬁ&@éﬂﬂ%ﬁ‘gl %g}%&ahﬁ AR pE ﬂn?%"f about

10 to about 50 nucl eoti des e net erein
porti on ofonsibis odppdutfli0danban SPmunkeotidesonsi sts of about 7 to about 20

nucl eoti d T 0 cl] aim erein he reacti on nj xture
further cﬁfmr?@&m %Hgﬁlb h‘e gk%%ﬁremngﬁm a%mosa the QEPHEEH M | ai m 53,

wher ei n tHasiBRRTEBRAN t6abot W9l RRlbH8ed S dUTP. 55. The nethod of claim 38,
wherein the reaction m xture further conprises a |abeled nucleotide. 56. A

met hod f o¥3. anplhefmethvd oficleim 38 twelnptiatthe BNetoncroixpure Sirtigr cgmpriseybmiodi zat i on
of a compgosi t.e pI’I]{TE that is designed to randomy bind to a multiplicity
of sites C&HOIEC {%ﬁ ate, wherein the sites conprise different nucleic

aci d seqienceFhe MBHE bNclhine 53 MRS tRe Rér- %‘bnﬁﬁl%’&le@ﬁ‘@e ANMUTHA portion and
a 3" DNA portion, thereby produ0| ng a-conpl exes conprising the conposite

primer hy®ri diBhemetbod phelainhdS.iverastiatte reactebn(thixtire Suther corgpises adaheisdex i n
t he pres%&% 8 a DNA-dependent DNA pol ynerase, an RNA-dependent DNA
pol ymer ase, ‘an agent that cleaves RNA from an RNA/ DNA het er odupl ex,

wher eby mﬂtImelmdlibﬁamﬁl1@@tMﬁwbeﬁhpld%m| tdoatdgon  product are
ext.ension and _strand di splacenent. 57. The nethod of

generated by pri
clai m 56, wher(@ KY%%%“?%P {3 gempesite puimsrithat ds dasigned @rrﬁn?ﬂfﬂlﬁé’r‘%d t0ogg.  The
met hod ofp,qki gl ﬂ%}?gf’ sitd016 EQN& Eéﬂﬂolgtlg) WBWCITP@% m?e(g %ﬁgﬁgesdl?féfgnk h1¥c REHTer S.

59. The rreth a| m 56, whereln’ step ( urther conprises auxiliary
pri mers. sequences, wherein the composite primer comprises an RNA portion and a 3° DNA

portion, thereby producing a-complexes comprising the composite primer hybridized to
the DNA template; and

(b) incubating the complex in the presence of a DNA-dependent DNA
polymerase, an RNA-dependent DNA polymerase, and an agent that cleaves RNA from
an RNA/DNA heteroduplex, whereby multiple copies of polynucleotide amplification
product are generated by primer extension and strand displacement.
57.  The method of claim 56, wherein step (a) further comprises auxiliary primers.
58.  The method of claim 57, wherein step (b) further comprises auxiliary primers.
59.  The method of claim 56, wherein step (b) further comprises auxiliary primers.
60.  The method of claim 56, wherein step (a) further comprises incubation of the
DNA template and the composite primer in the presence of a DNA-dependent DNA
polymerase.
61.  The method of claim 60, wherein step (a) further comprises an RNA-dependent
DNA polymerase.
62.  The method of claim 56, wherein the agent that cleaves RNA from a RNA/DNA
heteroduplex is an enzyme.
63.  The method of claim 62, wherein the enzyme that cleaves RNA from a
RNA/DNA heteroduplex is RNase H.
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60. The nethod of claim56, wherein step (a) further conprises incubation
of the DNA tenplate and the conposite prinmer in the presence of a

DNA- dependent DNA pol ynerase. 61. The nmethod of claim®60, wherein step (a)
further conprises an RNA-dependent DNA pol ynerase. 62. The nmethod of claim
56, wherein the agent that cleaves RNA froma RNA/DNA heteroduplex is an
enzyne. 63. The nethod of claim62, wherein the enzyne that cleaves RNA

froma RNA lex is RNase H 80 WO 2004/ 092 4/ 12779
64. The net h([))gl&](i]%ﬂl‘?1 03%2 wherei n t he RNA-dependent Dl\égﬁ}j‘fg}mﬁégg and
the enzynme that cleaves RNA from an RNA/ DNA het erodupl ex are the sane
enzyne. 6 T DNﬁ:Hg

pol ymaras@4 tﬂghé%kﬁgge elrﬁi(i@:-xll ;2 "%ﬁée WF%&@‘AQ&%P%%H g @%asfe’r?g’téﬂé eaves

RNA from aizymwmavénemmﬁmlaﬁmmmlem RRZYd e sﬁﬁe edAygeret hod of
claim62, V\,her e| n the RNA-dependent Q%%érrer ase and the enzyne that
@

cl eaves I#@A s matheef oian 94+ wheggingh epfindent LNA pelympenass, he7. The
hod of
RN depertih @\ﬁ&m 6A ot PR URSACDAE Mot AR RNTH R RIGTDNA

RNA/ DNA Hmeetredtqﬂupduethmeaédzymeffer ent enzynes. 68. The nmethod of claim
56, wherejn t ndent rrerase and the_ RNA-dependent DNA
pol yner as®-ar e hﬁ?"n‘é‘e@ﬁ éﬁi‘?ﬁ%m@gem eRAgY H‘Eﬂfnéﬁntal‘% W@@er%éﬁl‘%ﬂﬁ t he

DA dependgpine B RGLUTRNASRrARA KIEDNI:AERRRAS A BB RolypRase are

different enzynmes. 70. The netho ereln portion of
the conposi-t e Prd method of Blaim Wb { whareispbe DN/o depeed3it IDNA pplynterase, thg 1. The

met hod of Ia'm7, ei the 5 rtion of t 0Si

adj acent "#’é’ %(9 ﬂbﬁ&% plymsrase 2ad 5’??‘?8%‘?%%@%@@%’% a‘\/\#ﬁf@ﬁﬁﬁ he RNA
portion q{etgrb@ alltdgffReatBRzymePnsi sts of about 7 to about 50

nucl eot i des. The nmethod of claim 72, wherein the DNA portion of the

conposi t &%ri rf'éhe methad ok eleiny 6. arkaueinshe BNAbdenendent MNA polyimtease agditheThe
met hod ofpighafdlRfnt REL Bo9nelGe SARITDE RS LEr 1S selected fromthe group

69.  The method of claim 56, wherein the DNA-dependent DNA polymerase and the
RNA-dependent DNA polymerase are different enzymes.

70.  The method of claim 56, wherein the RNA portion of the composite primer is 5’
with respect to the 3° DNA portion.

71.  The method of claim 70, wherein the 5° RNA portion of the composite primer is
adjacent to the 3 DNA portion.

72.  The method of claim 56, wherein the RNA portion of the composite primer
consists of about 7 to about 50 nucleotides.

73.  The method of claim 72, wherein the DNA portion of the composite primer
consists of about 5 to about 20 nucleotides.

74. The method of claim 56, wherein the composite primer is selected from the group
consisting of 5’-GACGGAUGCGGUCUACACdAdGdTdGdT-3 (SEQ ID NO:1); and 5°-
CGUAUUCUGACGACGUACUCATdCdAdGdCdCdT-y (SEQ ID NO:2), wherein italics
denote ribonucleotides and “d” denotes deoxyribonucleotides.

75. The method of claim 56, wherein step (b) further comprises incubation in the
presence of a non-canonical nucleotide.

76. The method of claim 75, wherein the non-canonical nucleotide is dUTP.

77.  The method of claim 56, wherein step (b) further comprises incubation in the

presence of a labeled nucleotide.
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consisting of 5 -GACGGA UGCCCEUCUdCACAAdGITdGIT-3 (SEQ ID NO 1); and 5' -
CGUAUUCUGACGACGUACUCATACJAdGICACdT-y (SEQ I D NO 2), wherein italics denote
ri bonucl eoti des and "d" denot es deoxyribonucl eotides. 75. The net hod of
claim56, wherein step (b) further conprises incubation in the presence of
a non-canoni cal nucleotide. 76. The nethod of claim 75, wherein the

non- canoni cal nucleotide is dUTP. 77. The nethod of claim56, wherein step
(b) further co Lses jncubation in the presence of a | " tide.
81 WO 2004/ 09208 BRS04/ 12770 78, A method for arrpﬁpﬂ‘%g{)%#@f a
tenpl ate DNA, conprising: (a) randomy primng a tenplate DNA wth a first
primer, rein said,ftirst ..priner-is hybridizzable.t.o a nultiplicity of

t enpl at ewzgl yni%crfleg%?ﬁl goer a&qllgg?tl%%fraeﬁelr?p%lageeb iAr’sCf’mp rﬁ%fl%fer is a popul ation of
di fferent conpEgiriglonily PEfsnLaRhMNAIDN S iwith AfsNingowhéreth saiihGrse 3' DNA
portion, and wherein each conposite priner is a tailed priner that

conpr i sesPramer ishybridigaple frua mudinkisity By mniate aplyaueleptidg sitese phersiathoiisstunder
conditiong.in . whi . b+ i . r 1 di . : ;. (b)
ext endi ngPirisARoBalF oL bR erbEUHEErlh el 28 bitghile b AR LGRS
primer exiden3i DNApsardo tand (herdity Bachdionipogit@pratednd tgiled peiknek ¢hat he fir st
primer extension product ,tlégs) ext endi 1r’%ﬁmsai d second prinmer w

oau. d ha.
DNA- depentfaPRIIONA dpBPIRE ey Brdiznp to s ssnelate )‘i‘ﬁé‘?refé’éélf%nb’é‘ner ate a

second pr Hﬁh;ﬁéﬁgpgﬁﬁa@r@mﬁ%@gt HRELABMAONAOTPI ex comprising an RNA/ DNA
het erodupl ex is generated; (e ¢l eaving RNA fFom the first primer with an
agent that cl e@)esteRNAgfaidirst prirded/vidia Bdllepdgmptasxto gehgrateybfiistipaiey an
anplification.primer to the second priner extension product, wherein said
anpl i fi catf'gn! I?rgg‘r‘a’i s a conposite primer conprising a RNA portion and a
3" DNA portiong) n?_sﬁcﬁkiﬂgta_h;eccﬁamﬂrinﬁérQ@Eﬂeqnsﬂ%ﬂrﬂ@rex&aﬁaﬁ beRmcgome of the
sequence of the first prinmer, and wherein the first priner and the

anpl i fication (s extendiag saidiseqond enimer prithraePYNA-dependsot nolyniseash bt i zed

anplificag{Qn.primer by strand displacenent .DNA synt hesi.s; avi ng
R 1 om ENETdsh i pmiE 6 et RREARA ppBhe ex BRI M £ o o
RNA/ DNA - hedngl e tiahsetsing sl RNIATBN Aah@tdod iplex i deheragl) on priner hybridi zes and
IS

(e) cleaving RNA from the first primer with an agent that cleaves RNA from a
RNA/DNA heteroduplex;

(f) hybridizing an amplification primer to the second primer extension product,
wherein said amplification primer is a composite primer comprising a RNA portion and a
3’ DNA portion, wherein the amplification primer comprises some of the sequence of the
first primer, and wherein the first primer and the amplification primer are different
primers;

(g) extending the hybridized amplification primer by strand displacement DNA
synthesis;

(h) cleaving RNA from the amplification primer with an agent that cleaves RNA
from a RNA/DNA heteroduplex, such that another amplification primer hybridizes and is
extended,

whereby multiple copies of an amplification product are generated.
79.  The method of claim 78, wherein the agent that cleaves RNA from an RNA/DNA
heteroduplex is an enzyme.
80.  The method of claim 79, wherein the enzyme that cleaves RNA from an
RNA/DNA heteroduplex is RNase H.
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ext ended, whereby multiple copies of an anplification product are
generated. 79. The nethod of claim 78, wherein the agent that cleaves RNA
froman RNA/DNA heteroduplex is an enzyne. 80. The nethod of claim79,
wherein the enzyne that cleaves RNA froman RNA/DNA heteroduplex is RNase
H 82 WD 2004/ 092418 PCT/ US2004/ 12779 81. The nethod of claim 78, wherein
the DNA pol ynerase of step (b) is a DNA- dependent DNA pol ymerase. 82. The
met hod of claim 78, wherein the DNA-dependent DNA pol yrrerase and t he

RNA- dependent DHQ2{94(002#48ase are the same enzyme. 83. ThRCHUSRM/BF7EI ai m
78, wherein the DNA- dependent DNA poI yrrer ase and the RNA- dependent DNA

pol yner as dlff t hod of Ial erein the
RNA porti &‘l‘)ﬁé’& g‘f ﬁgewb%re’f?th p?]é@ﬁéaé?o IeR D% portion.
85. The ngnpbl\gztgbm&{lasev\her ein the 5 RNA portion of the first primer
is adjacent to the ortion. 86. The nethod of claim 78, wherein the

RNA porti&h of Thevaetuoglof tclauat7Bowhgmnrtb¢ DINA -dpendent DN & pplyaterase aphée3' DNA
portion. m 86, wherein the 5° RNA portion of the
anpl i fi ca’?%qéngeﬁF?@ B?\?‘% pglé'f%?c%sﬁtaret@ets"f%eﬁnzym portion. 88. The method of

cl ai m 78, gasherghdmbihed BMaBﬁWB'\QHer@ifn théteNA ti@;senaéﬂtrmtAe@wesatse afd theabout 7
to about 50 nucl eoti des. The met hod of clai m 88, wherein the DNA

portion oRNAHéepﬁw@tDMA@etynmmsetcbff@tentaanew to about 20 nucl eoti des.

or mor - cihat s rHBALEm P85 GORNACHER0N hEle oy bR b "

cl ai m 90, reyfeer @ithe BhENANForpient i on of the anplification primer consists of
about 5 to about 20 nucl eotides. 92. The nethod of claim 78, wherein step

(g) is catxiedhsuncthad ofelapn &deacseinrthaS RNA roafigheiche fiFtipT@st Sde. 93. The

met hod of, mﬁ e non-canoni cal nucleotide is dUTP. 94. The
nmet hod of Cgillﬂn{})% eégdrylél?ep (g) is carried out in the presence of a

86.  The method of claim 78, wherein the RNA portion of the amplification primer is
5” with respect to the 3° DNA portion.
87.  The method of claim 86, wherein the 5° RNA portion of the amplification primer
is adjacent to the 3° DNA portion.
88.  The method of claim 78, wherein the RNA portion of the first primer consists of
about 7 to about 50 nucleotides.
89.  The method of claim 88, wherein the DNA portion of the first primer consists of
about 5 to about 20 nucleotides.
90.  The method of claim 78, wherein the RNA portion of the amplification primer
consists of about 7 to about 50 nucleotides.
91.  The method of claim 90, wherein the DNA portion of the amplification primer
consists of about 5 to about 20 nucleotides.
92.  The method of claim 78, wherein step (g) is carried out in the presence of a non-
canonical nucleotide.
93. The method of claim 92, wherein the non-canonical nucleotide is dUTP.
94.  The method of claim 78, wherein step (g) is carried out in the presence of a
labeled nucleotide.
95. A method for amplification of a template DNA, comprising:

incubating a reaction mixture comprising:

(a) a DNA template;
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| abel ed nucl eotide. 95. A nethod for anplification of a tenplate DNA,
conprising: incubating a reaction m xture conprising: (a) a DNA tenpl ate;
83 WD 2004/ 092418 PCT/ US2004/ 12779 (b) a conposite primer, wherein said
conposite prinmer conprises an RNA portion and a 3' DNA portion, wherein the
conposite priner is designed to randomy bind_to a multiplicity of

tenpl ate sites, and wherein the sites conprise different nucleic acid

sequences; (c) - endent DNA pol ynerase; (d) an RNA-dependent DNA
pol yner ase; an&?? %\ﬁéﬂgglggent that cleaves RNA from a RNAF@N@E’)S??@?‘@P(Y&%I ex,
whereby multiple copies of anplification product are generated by priner

ext ensi on and strand displacement. .96... The nmethod of claim9 wherein the
reaction m xt ufbé af¢8ﬁ9?5$608r6%$ iwglggel%wﬁi FPTEPSSIC BFHTGE FRTPIESES a‘T%y‘}TE?"IIFBH of

cl ai m 95, amhes eDNA partiogeieréilahe €Iragbias pRMAr fs'dREbA DMLy BRldefedup! ex
is an enzyne, 98. The nmethod of claim97, whereinthe enzyne thal cl eaves

RNA fr om Bultiplsitpritemnlae sdespredcwhereirnths sitds cog@risariiferant hadeiofcidl ai m 97,
wherein %ﬁy%.dependent DNA pol ynmerase and the enzyne that cleaves RNA
from an ’het er odupl ex are the same enzynme. 100. The method of claim

99, wherein t h@)IWNAdaRpadRAt DR pFIohyBE.ase, the RNA-dependent DNA
pol ynerase and the_enzyne that cleaves RNA from an RNA/ DNA het erodupl ex

are the same eW ¢rBNAGependgat PNARMYBerass:; ahdn 97, wherein the RNA-dependent

DNA pol yrner ase fr n. RNA/ DNA

het er odupl ex a(regglgia%}lgFhéﬁgéxé%yﬁr#gg&r&ﬁg%@@m%%?u@fgx’cI aim97, wherein

t he DNA- dependeht¢reBNuftiply ogpiessef, anipifica deRe R efabdd ByQdritn@r ase and t he
iy EETHn By

enzyme that cl eaves gm froman RNA/DNA heteroduplex are all different
enzymes. TOFSORMRdEppddisplAcemeitm 95, wherein the DNA-dependent DNA

pol ymer asgs, andrhd@ethBildf SRRE 99 eRher AL P RLYEERS A8&u8 We? %?Iﬁﬁlg&s QbayaE- 104
polyner

The met hod of claim95, wherein the DNA-dependent ase and the
primers.

97.  The method of claim 95, wherein the agent that cleaves RNA from a RNA/DNA
heteroduplex is an enzyme.

98.  The method of claim 97, wherein the enzyme that cleaves RNA from a
RNA/DNA heteroduplex is RNase H.

99.  The method of claim 97, wherein the RNA-dependent DNA polymerase and the
enzyme that cleaves RNA from an RNA/DNA heteroduplex are the same enzyme.

100.  The method of claim 99, wherein the DNA-dependent DNA polymerase, the
RNA-dependent DNA polymerase and the enzyme that cleaves RNA from an RNA/DNA
heteroduplex are the same enzyme.

101.  The method of claim 97, wherein the RNA-dependent DNA polymerase and the
enzyme that cleaves RNA from an RNA/DNA heteroduplex are different enzymes.

102.  The method of claim 97, wherein the DNA-dependent DNA polymerase, the
RNA-dependent DNA polymerase and the enzyme that cleaves RNA from an RNA/DNA
heteroduplex are all different enzymes.

103.  The method of claim 95, wherein the DNA-dependent DNA polymerase and the
RNA-dependent DNA polymerase are the same enzyme.

104.  The method of claim 95, wherein the DNA-dependent DNA polymerase and the
RNA-dependent DNA polymerase are different enzymes.

84




RNA- dependent DNA pol ynerase are different enzynes. 84 WD 2004/ 092418

PCT/ US2004/ 12779 105. The nethod of claim 95, wherein the RNA portion of
the conposite priner is 5 wth respect to the 3 DNA portion. 106. The
met hod of claim 105, wherein the 5 RNA portion of the conposite priner is
adjacent to the 3' DNA portion. 107. The nethod of claim 95, wherein the
RNA portion of the conposite primer consists of about 7 to about 50

nucl eoti des. 108. The net hod of claim 107, wherein the DNA portion of the
conposite pri n¥O 29192418 of about 5 to about 20 nucl eoPCHAS2000R77The
met hod of claim 95, wherein the conposite prinmer is selected fromthe group
consisting of 5'-GA CGGA UGCGGEUCUICACIAdGITdGT-3 (SEQ ID NGO 1); and 5' -
CGUAUUCL JG%@GA CByoutbwieCedadcaetare the BNG. portinmof jhe oahwositerprinerlis &'s
denote ri | eqt.i des,, "d"..denot es deoxyri bonucl eotides. 110. The

met hod ofggﬁggpggg?qﬁi%?gﬁﬁlpwgn?eaction m xture further conprises a non-

canoni cal 108.cl €d idthod b tlainhhes ehdieid tBd STRRIAMOEIEh ofhe E@hpositB Brimer is
non- canoni cal nucleotide is dUTP. 112. The method of claim 95, wherein the

reaction #acentie thept RAYA poliphi ses a | abel ed nucl eotide. 113. The nethod
of any of - a'lﬁe' &’thhégr?gt%ﬁagg@gf wh rei.nocflei%g\'tA %r%%g b?thsé%%pgg{ggalr%e? DNA - 1's

genom ¢ claim erern-sardTgenom c DNA

conpr i sescomsisigldfiapbutci foyabohit SigarisstidedDNA t enpl ates. 115. A nethod of naki ng
a polynuc{eoti e array, .conprising: inmmobilizing polynucleqtide

anpl i fi cat@®n phoagtod ohelsim 197ekhsreipdhe RiAgporen Ohikes cemppae PARST f i cati on
product péo%@i@ﬁ%@a@&nﬁ@t@iapguﬁ[ﬁrﬁﬂ efgges{ret hods of clainms 1, 20, 38, 56, 78
e C ,

or 95. 116. The thod o aim wherein said pol ynucl eoti de
anpl i fi cat@%n Preaomeatid ofickim §énehatiadhdyorapgsite prioet isowleofed fiwnmpthatgeoup

R e e
115, e OB IGEACY GRS T SR sgoRs S stTarel

net hod ofdeaptgirthonpsleoiidrsrapil fidt denotasidsexyattoniigetidsar t i cl e.
110.  The method of claim 95, wherein the reaction mixture further comprises a non-
canonical nucleotide.
111.  The method of claim 110, wherein the non-canonical nucleotide is dUTP.
112.  The method of claim 95, wherein the reaction mixture further comprises a labeled
nucleotide.
113.  The method of any of claims 1, 20, 38, 56, 78, or 95, wherein said template DNA
is genomic DNA.
114.  The method of claim 113, wherein said genomic DNA comprises a multiplicity of
genomic DNA templates. '
115. A method of making a polynucleotide array, comprising:

immobilizing polynucleotide amplification product onto a substrate, said

polynucleotide amplification product produced according to any of methods of claims 1,
20, 38, 56, 78 or 95.
116.  The method of claim 115, wherein said polynucleotide amplification products are
generated by amplification of template polynucleotide from a defined source.
117.  The method of claim 116, wherein the defined source is a defined cell population.
118.  The method of claim 115, wherein said substrate is selected from the group
consisting of paper, glass, plastic, nitrocellulose, silicon, and optical fiber.

119.  The method of claim 115, wherein the substrate is a particle.
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85 WD 2004/ 092418 PCT/ US2004/ 12779 120. The nethod of claim 119, wherein
the particle is a bead. 121. The nethod of claim 120, wherein the bead is

| abel ed with a dye. 122. A method of characterizing a nucleic acid,

conpri sing: analyzing polynucleotide anplification product, said
anplification product produced by the nethod of any of clains 1, 20, 38,
56, 78, or 95 . 123. The nethod of claim 122, wherein the analyzing is
carried out by contacting the anplification product with a probe. 124. The
met hod of cl ai MOLZP4/08kE8ei n t he anal yzing is carried ouPCBUS30@A27TYi ng a
sequence of interest in the anplification product. 125. The method of claim
122, mhereln t he anala2|ng'|s carried out by se uenC|ng the anplification
product . ftof of claim d (1 8i whereip, thewastiele s 2 bradanal yzing is carried out

by det ectmg il mBlnb 8RN 190, ndBRARE vl Bhaed Sl SERITSR ' 0 L0

anplification product, as co refer c acid sequence.

127. The mthoAnma‘thad@ﬁdmﬂ&ﬁmzm@rmdlm@l@élecdomsmg an alteration in a
target nucleic acid sequence is carried out by a nethod selected fromthe
group consi st |Eﬁ’@Yéfngd?qlﬂuéleoﬁlé@éinpllﬁ%lanfwduékﬁ@ﬁ@@ﬂiﬁ%ﬂqn@@d@bec| fic

probe |1 9fbia tiihd SEARH b PLEE Y PV Ea Ao gand L1 Led primer

extensi o epar i y, conprising: preparing a
| i brary of23pol Vhreuntthod loﬂelaarmm fwisadinale giaddingtis carsiad duebypddntdctag then
product s 2tgwgguced g%/) of t he met hods of clainms 1, 20, 38, 56, 78, or 95.
129. A {on Broduetvily2 BB nucl eoti de tenpl ates, conprising: storing

pol ynucl eply, deriatabbd 6ALLAR 1@2 qglf&ém twafélzﬂlg%h&le@ la%ﬂ(&}ﬁ%ﬁﬁﬁ

anplification product is produced accordin e met oaf cl ai s
1, 20, 38eqEdce OﬁgltergﬂtngﬂleallamﬁcAtldamproﬂw anplifying tenplate DNA said kit

o Tl t1 pl8" of NBGReiPY Rl FIAB § et B tR BroAme B s G AP LGB RE U,
chl or opl agplidNaioDddIR¥A hybrids, genes, chronosomes, plasnids, the

genonmes of bacteria, yeasts, viruses, viroids nmol ds, fungi, pI ants,
ani mal s, Romankhe methehahelain ke edieran tl@mnlya@gus/e@n@qheméfyrc%mcnnam 86

alteration in a target nucleic acid sequence in the amplification product, as compared to a
reference nucleic acid sequence.
127.  The method of claim 126, wherein detection of an alteration in a target nucleic
acid sequence is carried out by a method selected from the group consisting of allele
specific primer extension, allele specific probe ligation, differential probe hybridization,
and limited primer extension.
~128. A method of preparing a library, comprising:

preparing a library of polynucleotide amplification products, said amplification
products produced by any of the methods of claims 1, 20, 38, 56, 78, or 95.
129. A method for archiving polynucleotide templates, comprising:

storing polynucleotide amplification product, wherein said polynucleotide
amplification product is produced according to the method of any of claims 1, 20, 38, 56,
78, or 95.
130. A kit for amplifying template DNA, said kit comprising:
an RNA/DNA composite primer that is designed to randomly bind to multiple sites
within a template DNA comprising mitochondrial DNA, chloroplast DNA, DNA-RNA
hybrids, genes, chromosomes, plasmids, the genomes of bacteria, yeasts, viruses, viroids,
molds, fungi, plants, animals, humans, fragments thereof or cDNA derived therefrom;

and
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WD 2004/ 092418 PCT/ US2004/ 12779 instructions for carrying out the nethod
according to any of clains 1, 20, 38, 56, 78, or 95. 131. The kit of claim
130, further conprising auxiliary primers. 87
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instructions for carrying out the method according to any of claims 1, 20, 38, 56, 78, or
9s.

131.  The kit of claim 130, further comprising auxiliary primers.
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