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WD 97/ 04132
PCT/ US96/ 11977 91/ 03573 descri be use of the bacteriophage phi 29 replication
origin for isothermal replication of nucleic acids. A variety of nethods
have been devel oped to detect and/or neasure nucleic acid anplification.
For the nost part, these methods are priner-based, meaning th end
5 on hybridi MOPUWIZE o prinmer to the target sequence, in s?n%fl{gsgégfswp
fol | oned by extension of the primer. Primer-based detection of anplified
nucl eic acids in PCR often reI ies on i ncorporat| on of an arrpl i fication
primer into the anplifie@EFECHT ] By
reaction. Features en@mﬁbﬁs ﬁv%xmeafowmmmmwcmmsmerefore
appear in the anplification produc can ect the
anplified 4arget sequence or to 10 | mmbl i ze the arrpl [ con for det ectron
by of her neans. However, primer-based nmethods of detecting PCR
anplification products require two anplification reactions to achieve high
sensitivity, i.e., detection of fewer tgﬁg mg)gcopi es of the target
sequence. That is, a first anplificatio F target sequence is followed
by a secoib arrpl i fication using nesteg.'f q.rl rrer i ncor porating the desired
nodi fi cattons for capture and/or dete onsecutl ve 15
anplifications are needed to avoid un& evel s of background
si gnal produced by anplification B?P"IHHHL ﬂ@&ar%m %ﬁ]ﬂl ously primed with
the nodified, signal-generating priners. This feature of the prior art
met hods makes them ti me-consum ng and cunbersone, and the advant ages of
primer-baked detection nmet hods ar FIELRIQKF THE INVENTHNset by the
requi renent for a second consecutive anplification reaction. 20 P.
M Hol land, et al._(1992. Cin. Chem 38, 462- 463) descrj be a method_ for
detecting anplifi c?ﬂq tversionfglates 19rdetaction Qf AHgleiR acideamplifisation, and, iv) pagticylar to
activity of Tdefedib gfalugleter acid amplificadion by coadutrent gedeeatige tof secondary amplification
anplifications é&@&éfl c signal by digestion of a | abel ed probe hybridized
downst ream of the anplification priner. The |abel ed probe is not
extendabl%o, possi bly because certain of the detection systens descri bed
make use of a 3' end-|abel. 23BACRGROUND OF FHENVENHOMNbel ed probe woul d
function as a PCR anplification primer, thereby increasing non-specific
background si gnal )n t he reactl on. %:Ieaved probe fragnment réumgﬁs ener at ed
during anplifi cat i/grira Aucieispcid amplification sechniguas nrovide pRRS F getection agd
vari ety of woamlysidepsnall aigounts éfftmicleieeide§ The &reme a@itivity bEsuah nitthods Rasdesdbd

hi n- | h r ' Al

e Py SRERAER A6 e P ol o b 08 Bt e
require cumb mom@ﬂswmrgg nwelgicpenidet R’ forensie anedigist e Miydeig acid
ampliﬁcanon techniques can be grouped according to the temperature requirements of the

procedure. The polymerase chain reaction (PCR; R. K. Saiki, et al. 1985. Science 230,

1350-1354) , ligase chain reaction (LCR; D. Y. Wu, et al. 1989. Genomics 4, 560-569; K.

30 Barringer, etal. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Natl. Acad. Sci. UUSA 88,

189-193) and transcription-based amplification (D. Y. Kwoh, et al. 1989. Proc. Natl. Acad.

Sci. USA 86, 1173-1177) require temperature cycling. In contrast, methods such as Strand

Displacement Amplification (SDA; G. T. Walker, et al. 1992. Proc. Nail. Acad. Sci. USA 89,

_ 392-396; G. T. Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696; U.S. Patent No.

35  5,270,184), self-sustained sequence replication (3SR; J. C. Guatelli, et al. 1990. Proc. Nall.

Acad. Sci. UJSA 87, 1874-1878) and the QP replicase system (P. M. Lizardi, et al. 1988.

BioTechnology 6. 1197-1202) are isothermal reactions. In addition. WO 90/10064 and WO
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anplification. The present nethods for priner-based detection of target
anplification also nake use of a single anplification reaction to
concurrently generate secondary products for detection. In contrast to P.
M Holland, et al. and other prior art methods, however, the secondary
anplification products are detected in a sinple format by extraction into
an organi c 35 weqérades2 As used herein, the followng terns and’CrT VY75, e
defined as follows: 2 WD 97/ 04132

PCT/ US96/ 119779 #5539 RedckibE Btd OF¥he bhilBiophiaeptiid foplicatigh oREMR! fof is6Mbin@ réplicafion
target sequence. b riyer extension. For SDA, the 3' end of the
anplification ?fﬂ“ﬁlﬁﬂ%af‘gﬁe target bindi ng sequence) hybridizes at the 3' end

of the target sequehcerietynef mathpis havet besn daveloped i ipieftsadl/ef measypnnydleim acid
site for a resinplifitition. i RLIMbRAEL, T8¢ methddb arecptiner-based! meartng thaOthe$ idbend

is for a 5 r ngmé | 1L 1 @r%t :
dupl ex \/\/nen5 t h(g‘_?wla)g g’%ﬁﬁ?’i og% Sit glu?g‘%ﬁg%&n%g? %%adn %é’ﬁ?%f?s?eﬁﬁééd; eés?'%:‘??Bgy"A
by Wl ker, et Bffmer( fgwr-bms¢te§qm%E)amphﬁmﬁcmfcncﬁséﬂPF&%@H irelied An gicewporation
doubl e st :‘j andesf ;reamgliﬁo;aﬁ@ﬂ phitrief ifgtﬁrt_ha anpiified (ptrddlnat camjshi g 'a\o;\uhc)! mmh the aMﬁtliﬁEhtion
one strand con 1.LNS a east ane [LVv I nu oLl de.. | uses £

Poet 1 et on ortsanlly ohesfBS eniRgereth ke Fhe PR AMEEShAT Rt AlbrerRiE O hetn B she
strands of t heamgificatonopradudt @and san e usedizithey totdetecp thenamplified dangeiosequénse or to

hem nodi fi gl rigfRBiizk it amplicen F8L dete@ionCRNSRENmESs] IASWRE Pt BRdel ARGhGRIIbf
I's nicked by t ease. Alternati,.

contai n deri va%?‘iciiggs h@&c téﬁ‘?ﬁ%‘g‘g'gwgﬁ?"?aﬁgg"? y&° M'ﬁg%gd}%}%é#gg#@gﬁd high
be protected fiepsitivitl beaw detectidn pfofemier thandl 00 enpiqsrdfithe targetaseauenge. niThiteld., a first
Such restri ctighplifeRAbFHIRAERARt Seqlle id BROWEd byeAlsdcBnd SHBIIREIFCIsRMeRted primers
ehdonucl case. 1 BEURMHATS e CFaFeH PP EtERS R SAUB BRLF e Pt Fom TBUPI-SHve
recogni ti o’ si aeplifigationp arei needrsiziocvoidhinacoeptably dighgevels efibackgreunds signat preduced by
2111, g ot DD, 501538 B
ext endabl e by IR0 PHHETRRIE OfAHPI91ER Brtads eke e Wik ethumig | pimbersome,
anpl i ficati on #ndi theradvanthgesr ¢fdpamer-based Idetectiony etethods) res herefbrsr ofténc offget by the
maj ority of thrqSkdhent RAGsbdNd chbRe@iVR ainblifd@tibPfeallidn™r is responsible for
exponent | ayy ampl i | 'ré;%: ﬁ@@%ﬁ, 3T (1698 Thin®> Bl 5% 2643 63) Ut BBS 2 et (o 1SS ing
amplification products of PCR in which the 5-3' exonuclease activity of Taq DNA polymerase
is used to generate target ampliﬁcation—s;ie’ciﬁc signal by digestion of a labeled probe
hybridized downstream of the amplification primer. The labeled probe is not extendable,
possibly because certain of the detection systems described make use of a 3' end-label.
25  Further, an extendable labeled probe would function as a PCR amplification primer, thereby
increasing non-specific background signal in the reaction. Cleaved probe fragments are
generated during amplification, and may be differentiated from uncleaved probe in a variety of
ways, depending on the type of probe label. The authors suggest thin-layer chromatography or
capture by a 3' biotin label to separate cleaved from uncleaved probe, or sequencing. These
30  detection methods require cumbersome and time consuming manipulations of the sample after
amplification. The present methods for primer-based detection of target amplification also
make use of a single amplification reaction to concurrently generate secondary products for
detection. In contrast to P. M. Holland, et al. and other prior art methods, however, the
secondary amplification products are detected in a simple format by extraction into an organic
35 phase.

As used herein, the following terms and phrases are defined as follows:
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anplification prinmers for PCR generally consist only of target binding
sequences. Extension products are nucleic acids which conprise a priner and
a newy synthesized strand which is the conplenent of the target sequence
downstream of the primer binding site. 25 Ext ensi on products result from
hybri di zation of a prinmer to a target sequence and extension {drEr
by pol ynerase N%Q??é‘ﬁ e target sequence as a tenplate. A burrpgir pri %rd-’?g a
primer which anneals to a target sequence upstream of the anplification
priner, s u_c'h that et amplifcatioof prither ibangramer for amplifitasqn o @ sargéteseduencs by gaimer
anpl i fication éf}EénEiBﬁ P SDA KRR OF e QOcauﬁxgﬁﬂéa e PhghURAih R&?d&fﬁﬁ

I s one nethod r..30 acl n e extension uct Itatl on
primers, but f“thﬁj ?‘sﬂﬁl g oe@upg A tareetneavechs J{:boﬁ' ?@ﬁaup%rpélgfer StREARSea
refer to nucl eecognaitiod site dorea cestriction leadanuplleaskireal: itsTh'eend. | Tiled tedegmﬂmm sitel igifoah

nucl ei ¢ acigd %?H&%%nﬁ@nx#&%a%mﬁlhﬁ wﬂdrm%ng%mae%pbﬁr er?g;t rgﬁl'ﬁgn

ei ther strand a co ori gi na sequence
Sﬁ@'a&

rQ
arrpl i fication ﬁ"éd%thP'B*‘Fmdﬁ?é ¢ HiFlges ) s sy desqried n‘é}y%’é"& B‘ealr éf rg’é‘&t‘
enpt ate for ewetnimsdified Fecognitibn hsifer iisdiaz ddulyle | siranded 3ecognithbh OsiteO4dr32  restriction

PCT) US96/ 1107 TenolcaRYin WicHne o Qi Wk e BURS angedzrﬁaemd@wmﬁ gsi:g the

sequence downs | on priner suc ILSI on of the
anplification TEHiFHan Eﬂdgb‘l“'é‘i?é% 9 w&kng rPJ}me;Srﬁtﬁﬁ'Eﬁ‘ rataerp V’Bf oft, gtrands £f the
primer or Ithe recapnaionpite TeUsvally, ahs ipamep swwahdCcort. th'c'henmghﬁ&d recogritiorf site Heas not

compri ses o | aAR bifat A0 REIG B iOhickaDS) mUTeaflalACkibhf s, IRALIAY,

of secondary 5 tion products genera rom-t e siLgnal priner.
Anplification e BG’B}EI’[ rgay ¢aniAin dervatized nygleptides whighcpusedhe “%!P‘édlﬁ agget sirandyia be

tar 9612 Sequencﬁo&&%@rﬁétﬁchWaéleéltﬁatxhémﬁéﬂﬂ rifhd esas:udans anckadl Such restriction
anplification

0 ngle str ed, an

t T anded anp! | FREBFIORHE 325 he FABYA, 5 Bpfs, STRFENE e Mo Eh A Lol iy opyT? i
the origi nHl tiaeqgperasddurerrceestriciort emtlonyclease eccopuition eite fofr théienzyms! | The prrefepned
1|0_ r eac? ' Otn dl@ﬁﬁlﬁ@&iﬁéd’re@dé??ﬁtid(n' s k@%eﬁfﬁﬂ%ﬁhﬁnﬂbm@@%ﬂﬁﬂf Oh RESFSCIne rédtfetion
ol i gonucl eot i era
anplification- ‘H‘B 'g'}‘f iﬁ%ﬂ%é‘f rﬂl@Hi‘?gr}?"é*%\? ‘@{ &P"%‘g“‘éaéfgﬁee%% 3raplification) primer
doubl e st randeidscpcmms agE( greup hisin is i esrentiable bydPNA polymerhse whemshe tanget
of binding sequence of the amplification primer is hybridized to the target sequence. For the

20 majority of the SDA reaction, the amplification primer is responsible for exponential

amplification of the target sequence. As no special sequences or structures are required,
amplification primers for PCR generally consist only of target binding sequences.

Extension products are nucleic acids which comprise a primer and a newly synthesized
strand which is the complement of the target sequence downstream of the primer binding site.

25  Extension products result from hybridization of a primer to a target sequence and extension of
the primer by polymerase using the target sequence as a template.

A bumper primer is a primer which anneals to a target sequence upstream of the
amplification primer, such that extension of the bumper primer displaces the downstream
amplification primer and its extension product. Extension of bumper primers is one method for

30 displacing the extension products of amplification primers, but heating is also suitable.

The terms target or target sequence refer to nucleic acid sequences to be ampliﬁed.'
These include the original nucleic acid sequence to be amplified, its complementary second
strand and either strand of a copy of the original sequence which is produced in the
amplification reaction. The target sequence may also be referred to as a template for extension

35  of hybridized primers.
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signal priners or signal prinmer extension products generated as a result of
target anplification. 15 Cl eavage of an oligonucleotide refers to
br eaki ng t he phosphodi est er bonds of the nol ecul e such that two .

ol i gonucl eoti de cl eavage -products are produced, i.e.. breaking the bonds of
both strands of a DNA dupl ex or breaking the bond of single-sbkﬂgﬂﬁgl

This is in contWad043d2ni cki ng, which refers to breaking the phoSphodiester
bond of only one of the two strands in a DNA dupl ex. 20 SUWARY OF THE

| NVENTI ON The presemn sigml ritnepis pphmercwichrbybindites foos tatiget seduence downstream of an

anmpl i fication QhpfifidaBbA BlimeCLe Hafexieifion 3 tHelamplifidaliSt praR& Widplates the signal primer,
anplification product

are generated fromsignal priners 25 in a reactian
which is coupl éd"’f‘&?“t%r‘@'e? T iog g sigmal d ’gﬁ‘gwaﬂ?ﬁ‘ﬁhgweﬁ‘%‘&l[ Rrgpe rther
products can t lcempfisesea Hipopislix reppretgratp andibel whichs (aciitatesr detectivaqoft semndary

anplificatign. ?gggh ' kAN gﬂmﬁ I's an ol igonucl eotide
vmrr})ch corrprigses?%gﬁﬁaggﬁ, 1 IJ{"E":is a etédﬁ_ﬂﬁ-hﬁ%{?ﬁl d s%éconclarx arrgl | f.i cation
product is designed CatioRt PrRguGts ﬂé‘ﬁ?@@‘?ﬂ“cﬁi?{ké‘ﬁp JeAns, afe, FRRs of the target
anpl i ficati on- dequenceegeheraved ibg hylstididation amipixiehsiomof amramplification primer Ubisngri befers
nunber of 30 tn}g%g{hoﬁg#lt 'sﬁam&'a}%@g:bﬂﬁé slrkr@%@q"%ﬁﬁc?ﬂ&\ ggﬂapss&téds&‘on' BG&lcttlich

all owi ng the I'abel ed avage product to be tr err Tromthe ‘agueouys .
phase of the afpMAR %&?‘?Yoﬂtag@aﬁﬂgi“ﬁh TR SeHENeH g‘&iﬂdﬁ‘gp‘ﬁﬁgﬁ?‘i‘%" g’"‘pﬂg"atw“
hydr ophi | i d0uncéagtiored or unni cked signal prinmer remains in the agueous

phase as a result Oke%{hﬁaﬁﬁg@fig%gf}#ﬁ&gﬁctg&r Wd&%%ﬁdu@m%&l&@ﬂ&%ﬁdés@ gihi&thed

to the lipophilic |ap e e orgapnlic phase_i's .
detected as an fTORYR S8R PrigRer inyp &égeté‘f’ft?gfs“?af@'&‘g?ﬁ?ﬁ‘?enbﬁ’ﬁm'i ca!ﬂes\?égmo"f"fef tR single
| abel may be a styaraded toatdouble Grrasded jirbduatsi gemenared trone sighal riplers] ias ateli s poktians of

target sequenc %iégnﬁ*h?ixﬂe?sv&rkﬁésn}ifpd{gﬁ Eﬁg&h&rﬁo%&%ﬁﬁ% 3&?&@&1 of t¥ge UNiESItoRI

anplificatign réactions 1n

PCT/ US96/ 11977 wher &lgvagsce! #eoliganuelpotide refersyior breakinge HiscPhosphiodiesiss bopds) of the
i nterfere w th niakculesuchahit poasligonsclentidp rcleaeage rpesductsr e praduesd, riac tbredkinigothe
detection of t i b ' i ' ' -
sens 1 ve det eco S BBPtaA R d DNATLAR oPpRANE B Bo bASRIRfAM BNA. Thisis
DESCRI PTI ON OF imfqmtrastiq\pnigkigrwhich refgrs 1o breakinieahe phosehodiestsnbapd of oaly ogp ghhg two
anmplification ptrasiséia DNXCdsplent |y with

20

SUMMARY OF THE INVENTION

The present invention provides methods for detecting amplification of a target

sequence. Secondary, target-specific amplification products are generated from signal primers

25  in a reaction which is coupled to target amplification. The secondary amplification products
can therefore be used to detect and/or measure target sequence amplification. The secondary
amplification product is an oligonucieotide which comprises a lipophilic label. The labeled
secondary amplification product is designed such that it is cleaved or nicked in a target
amplification-dependent manner during amplification, thereby reducing the number of

30  hydrophilic nucleotides linked to the lipophilic label and allowing the labeled cleavage product
to be transferred from the aqueous phase of the amplification reaction into an organic phase.

The more hydrophilic uncleaved or unnicked signal primer remains in the aqueous phase as a
result of the greater number of hydrophilic nucleotides linked to the lipophilic label. The label
transferred to the organic phase is detected as an indicator of target amplification. Detection

35  ofthe label may be a qualitative or quantitative measure of amplification of a target sequence.
The inventive methods are especially useful for monitoring amplification reactions in situations
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target anplification by SDA. Fig. 2 illustrates generation of a secondary
anplification product concurrently with 10 SDA, the secondary product
conprising a restriction endonucl ease recognition site which is cleaved to
Irﬁll\/EﬁrsrleO?I Illspophl lic _(I:_Iheavage p{ oduct . t DETAI LED DEtSﬁR:jP;I'I O\IdOt: THE

e present invention is a nethod for de
noni tori ng anpl MOi%7&#138n of a target by conversion of a hydropﬁ%ﬂ(@gﬁ{aﬁl
prinmer conprising a |ipophilic |abel to a |ipophilic secondary
anpl i ficati‘on pwie direcodetedtionsof targetstqrenacianiplicons wsuld interfevs witk fintheo Mmagipaatons
to an organic g&a@% d?xfesdeb?%inico%ﬁr By §6:5 h&gct}o%kgfsth%' &Eﬁnda %nhgﬂcg&én products
anpl.i ficati on-dependent nanner. zﬁ_ls, production of the secohdary
anpl i fication pirevidesa highly sensitinedetectionsystem insg propeduplly sigiple and rapid fprmat.
sequence. Further, the secondary anplification product is generated
concurrentl v with anplification ?%J e generated, the
secondary aﬁpl I fication product @ggﬁgﬁ‘ﬁ?ﬁﬁaﬁ ereﬁﬁwl@?gi nhi bit nor mal
anplification of the desired target sequence. The nethods are therefore
especi al l'y useful f @ig detiiRgtrareg gawgpationi 6fod isedonddry tanplificutiof tprodutti €Btcirrefitly with

si tuations wher ' Yoy of the anplified target sequence itself
woul d i nhi bi t otrgrggg&gﬁ%rc%\?/&é"n %l%?t her reaction or manipul ation of the

anpl i cons. The | i poghe|? dluysiratee genesafions oft ; seanndasy dnpjifieation | rrpdust iconcufeathyywith

al | OWf Si Mpl ® S e3DA Ahie BBcdnkiRH ptadtﬁﬁ@bﬂiﬁrisibgb%sﬁﬁhth‘»? gaﬁénupreme:re{sogn&iog.sne Kyhich is

transtfer to an C S . | nt of the I nventi on,
e

anplification prinmers _ to a target sequence which is
then anplified generally as described by Wal ker, et al. (1992. PNAS 30 or

1992 Nuc. Acids Res., suprapepreiikEs DESCRIPTION' GFTHEONVENTION | ons, the
target sequence nmay be prepared for SDA either by restricting total DNA

with an appropriate restriction endonucl ease (e.g., Rsal) or by generating
target fragients havihegpredent iapmtiopis anethoé fdrrdeodctingoremotitoning @enpéification of a target

recogni tion sitgscalvelsiin 69 Shyddphflic PHSIE priftlel Tompridil acidphilit el ¢8 a hipophilic
AT G O AR et b
conprises at | eergsniopbasi @madetq:cﬁbmerCWVietsimnr taked place im @i taget caneplifisation-dependent

\3\% n g g; B 2 5‘_; genenaine iRk is? proRG AR h S4B hdahCahpliBRatidh Prlotct fsbupleftd dnphification
PCT/ US96/ 1%@7 - of the target sequence. Further, the secondary amplification product is generated concurrently

with amplification of the target sequence. Once generated, the secondary amplification

product does not interfere with or inhibit normal amplification of the desired-target sequence.

The methods are therefore especially useful for detecting amplification of the target sequence

in situations where direct detection of the amplified target sequence itself would inhibit or

25 prevent further reaction or manipulation of the amplicons. The lipophilic properties of the

secondary amplification product allow simple separation from unreacted. labeled signal
primers, e.g., by transfer to an organic phase,

In one embodiment of the invention, amplification primers for SDA are hybridized to a

target sequence which is then amplified generally as described by Walker, et al. (1992. PNAS

30 or 1992 Nuc. Acids Res., supra). As described in these two publications, the target sequence

may be prepared for SDA either by restricting total DNA with an appropriate restriction

endonuclease (e.g., Rsal) or by generating target fragments having the appropriate restriction

endonuclease recognition sites at the ends using bumper primers and amplification primers.

Prepared fragments containing the target sequence are then amplified by SDA. However, the

35  SDA reaction of the invention further comprises at least one signal primer which results in

simultaneous or concurrent generation of . a secondary amplification product for use in
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detecting or nonitoring anplification of the target sequence. For certain
applications, it may be preferable to include a pair of signal priners,
each of which hybridizes to oné of the two strands of a doubl e-stranded
target sequence. The signal prinmer hybridizes to the target sequence
downstream of the hybridization site of the anplification pri ¢/119% be
extended 5 byWoATPMR ase in a manner sinilar to extension of tﬁlgsg '
anplification primers, but this feature is not required in all L.
anpl i fication sgesecting of foniterngavnlification PCrrertatagbepauencey Xepcertaln) appiggtions.git may
the signal prings prefebabliediozifcludd a Paif of Sightil ppHingrs! Behtofvgfith Bybeidizec & sncdf thé o
extension of th LpLi 1.0 i i es - S g|5]-ﬂ'11 |
portion of the §Tag§3;f*f6r‘?°?r@r&%ﬁg {eﬁer@ i%"fgj rséﬁ%%(rél rryrlpglﬁ%? 2’elns_l Oﬁ%bgg%gst ?0 Ai%e target
| east the 3' entavsmce dewnstream of ghej hybridizasiop site;efcthe amplificatiencpripere [t may be extended
hybr ihdibz _ez 1D thepdiphérade if @ MEMRGSimikr hgé:&a{sid_ﬁ&ifyhe imstifieftionr @insdrg roat thiy feamre is
may hybri di ze t -target seguenc e t .
etuc, ng ¢ he. USRS i arsARERS Sy IR il the sk, WRlyed SrERuRGE Y, Tl i
i s further |abethedigaal primerchybadigesygttasite withiaghe tareet|saguence yurb thapgpensigneof the
| abe: befcorres i mwﬁaftfoa_tﬁﬁnér raﬁsmalt:aezhs Qipasldetinyer A Pbition Cftthe Bigh#lOsHikdr o hé signal
result of targef. .catiqn. Ln,.thi ent o S . Rriners X
cannot functi oné%xg%r’% P Brgg?%h Afé“ gﬁ? ?%ﬁgﬁiﬁ%qﬁf %&ércggxg ;se(%na %g‘(l;eé?ﬁes\evhm
they | ack althi clodpfigestoshe rasgat seauensso iltarnasively.rthe eupire sighal psimes may hybridize to the
C_Onseﬂuen_t ly, aﬁygeewqa&ﬁﬁep&p%&@q the it iBCseledte Y8 rediding) the R bPRuckbtides in
signal priner op_a. ngn-target t.enplate .canpot -
aroliti cati on.  Be el drnRt D Fhe bglf pidy ﬁ@e&lgﬁ%ﬁf&?ﬁ%ﬁ@f?{ﬁﬁ%ﬁfww‘glm’- The
general |y det ecknaphilic dabel begpmes inserparatpdanto thenseqondaniamplifieation mEoducs py 2 fesylt of
sequence.z.o Ther efafgfe amphificatién. ahs&&%uaﬁm&r@&mﬂgm péitiietsi danfict! fufidtiont d3angplifeution
priners . res in.t i catiopn,rea . Wit Q -
B g 11 cant 15 nebrndes B 2 3Bl KedodbeBlIRL Il fik atiuabif skl ehitoriicpse secqgnidign
sinpl e organi c ¥t (Gensaquentiyoanyesstensiow Ploduets Eumed thseughreyraphentertsionaaf iasignal primer
products for anéd ¥ fbmtarght @hplite Shifidt uhdePfo $uBSeqéM GRMPUTiGi o BREAIsE AlispPinind. itself
doubl e- st randed, SR Qr%ﬁxr/éf z%g_gl 1fi| catelr(a)lr Ertoq%{{% gﬁr!g{leg §PA L& |2{“I1 st rlat eq, e;
in Fig. 1. The ?pp%or 'oh 8P E §.g°&.| N UEtF A e S YhE A rfeﬁf'cé_ltl n faéa?gt?_o
occuring in 25 mispmped swquencet Eherafors, in the absensecofaubsequant gmelifiostiom thergignal primers
appropri at e20 esinay bé prefent ifithe wkiphification SaBEsH Witl Ro SiRAIfRA QAcrédse il BacRBfbnd Bignal
containing the l%esr.ﬁ“sse uence cma?{ “tlllﬁlrg)re‘oar ed .for aS & t herra%s ge‘sgrl be
by wal ker, et al’."1992™ g‘,‘J“%Lt]’B a 'Qgedfé@alft%g '>9 Vi8I ¥EpT e{a §F9 S§egoary
Nuc. Acids Res.amplifigation preductsifomanalysis.greatly aimplifiesshe procedwsei n Figs. | and 2
begin wt hl ?n anpl i fG&Bl'aﬁoﬂ(ij_ﬁ" @'t{buﬂg-lg&aﬁdeagil Eééﬁdaﬁp%gliﬁﬁfg&\ td?nglIAcgr&ﬁhg SDA is
sequence. pr red .accor 0 L, € . . .supra, .
it represents r@gﬁa?egtla edudis | ??a{ﬂ?f‘éﬂy%ﬁg«]e%?@%esﬁ %a'ﬂg{gl}z?aﬂ%rhgff‘m°é'o&w|“?“g "
prepar ed acdr d¥g- t s watedeaboveytnugleic aciofragnuats. bavirigdepprensiate gspsiction endonuclease
appropri at e resietoghitioneqUeASR UEIHR A dnd COftEinink M 18igefeqérRe HAYBE prédated Tor SDA
fragment accor dé!ﬁlgf gsodmribed by Walker, et al. 1992. PNAS, supra or as described by Walker, et al. 1992
Nuc. Acids Res., supra. For simplicity, the illustrations in Figs. 1 and 2 begin with an
amplifiable nucleic acid fragment containing the target sequence. If prepared according to
30  Walker, et al. 1992. PNAS, supra, it represents restricted double stranded DNA ‘which has
been denatured. If prepared according to Walker, et al. 1992. Nuc. Acids Res., supra,
appropriate restriction endonuclease recognition sites are added to the fragment according to
the disclosed target generation scheme. During SDA target generation, the bumper,
amplification and signal primers hybridize to a target sequence in the target generation scheme,
35  with extension of each upstream primer displacing the downstream primer and concurrently

generating amplifiable target fragments and secondary amplification products.
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the disclosed target generation scheme. During SDA target generation, the
bunmper, anplification and signal priners hybridize to a target sequence in
the target generation schene, 35 with extension of each upstream prinmer

di spl aci ng the downstream prinmer and concurrently generating anplifiable
target fragnents and secondary anplification products. 6

PCT/ US96/ 11977 WO&/%33% om portion of Fig. 1 illustrates the X\?rﬁl/rlér;ent 7
conversion of the single- stranded signal prinmer to double-stranded form A
signal prirer hybri @heésttom portiomsiof Figl biillustrates aheqgeoncuweptesmwentionnedt theasmgid-
an anplificati QRafded @ﬁhax(an}ner lﬁ?'abuﬂlél&rﬁﬁm fdrinC 34 isf2Ral RfrinER 'iwﬁﬂﬁlzeE h€ ofk Shad of
primer are exte}’nded ge Q ner ase. usi ng t he tar%e sgq'g‘ B alg_
Pemiate & ( FISSepieauts dowiiens:ot a pmiiosmon PRmdcd) | BOVH B FapRisareroppimer
the tenpl at.e bymbﬁt-@tgsalmmnmf arelestendsul LyfDX A polymerasé wsing thethrgenr sequencesasravtersplas
a tenpl ate §or (il)’bThéikléﬁil 'pﬂﬂxeﬁ&ﬁerﬁi&h%?éd&ﬂ 1s°<flsp?ac§&%deth@%ﬁlﬁtbfbgtéx%s@ﬁ b Bie

(rrr and 1v), rengﬁ%n he si ner extension

Stranded (V)| AMBLRGHOR origen A ek SHEL S Ay EPRBE 2L "R AO0 FteCpn o 2
of a doubl e st secodédmplificgtion pmnp:élﬂ:mdm repderiog tiel signblepriner lexteusion proding double-
reaction. The segfed éﬁl ) 9N lseddhd 1ftimer *WH?&H RibfiBized B IHRE sB&mARrand ra@radd&,iﬂe

the target sé uence downstream o on llflcatlon

ext ended and dFSHIOeL éaaswewmwowua@@ﬁ’g %@gﬁw SR SRERPT o] hearorne gl rimes
second si g8l pybridizes ex thersscond strargichfabe target saqdence dowositsam oftthasrdont pyplification
hybridi zati on dRgheLXIELRURAIY add @sidded tby%éx&d 6P iHeARedHd! ﬁﬁﬁltﬁciﬁonv‘ﬁrhﬁeralﬁﬁ

be appar ent fromthe Il Justration, of t i.nvent | |tl
signal primer s SeRRYd 15ignal primere extension; pragdust ;s irondsts tQP“SHeS‘?a&Pg%E’Yl bridization
sequence downsexwensiorodf thé frso tiplification primerariewill alsnkk appagtnefromshe maktramn msé thi:

bet ng_ybr il 2 G0 ANTR EHE 3 The wﬁtg@e G b B BTG, chih BB 00 Bt

each signal priner ream-si
and the nodd 5 seWedownﬂrm of the gthep paithecsams strend, andhall $ls@épnmnrsrhemséwbn¢wé
mul tiple si gnaldoﬁhstfaﬁﬁofsdﬂe tahﬂnﬁ&ndﬁhﬁaedlrs aust Jﬂaﬁnet havh d@mﬂ Cﬁnrrh:Ybé’ aﬁplz@dtt@
each ot her or tthew& |f| catl O%pﬁ % Qgpggn an?i:s?lfacéd @f the

target 20 sequence. rﬁ?ﬂ'ts “Advan
i ncreasing or aﬁ'ahﬁqaypwnmqé Jihg ﬁwltr@emsmit mjnepg.shqx@; QEthS'gmdhscaﬁ’aI ﬁ‘l?b’e@s got
in sensitivity hpﬁnmitetoa&%a)bthe'ﬂbe 18 Uh einpliticatioiC praxfidr ﬁeshel bﬂkﬁtﬂe ts@aﬁdh@f the target

OB 1 2ol 58 P S S0 A RN B S e
signal generated per target, with an increase in sensitivity of the assay.

The number of nucleotides linked to the lipophilic label in the double stranded
secondary amplification product is reduced in a target amplification-dependent manner to
facilitate organic extraction and detection of the label. That is, unreacted, single stranded

25  signal primer molecules with the linked label are prevented from entering the organic phase by
their greater number of linked nucleotides. which give the molecule more hydrophilic
properties. In one embodiment, the signal primer comprises a restriction endonuclease
recognition site placed such that cleavage or nicking of the double-stranded secondary
amplification product by the restriction endonuclease generates a labeled fragment comprising

30 a reduced number of nucleotides which is sufficiently lipophilic to be transferred from the
aqueous amplification reaction to an organic phase. This recognition site should be for a
restriction endonuclease which does not cleave the target sequence. Typically, such a
restriction endonuclease recognition site will be placed toward the 5' end of the signal primer
to minimize the number of nucleotides remaining linked to the label after cleavage or nicking.

35  The restriction endonuclease does not cleave its recognition site in the single stranded signal
primer. However, the signal primer becomes cleavable or nickable by the restriction

SUBSTITUTE SHEET (RULE 26)



facilitate organic extraction and detection of the |label. That is,
unreacted, single stranded 25 signal prinmer nolecules wwth the Iinked

| abel are prevented fromentering the organi c phase by their greater nunber
of |inked nucleotides. which give the nol ecule nore hydrophilic properties.
I'n one enbodinent, the signal primer conprises a restriction epdpg e
recognition si t&'opﬂ'”gé’éa such that cleavage or nicking of the SRheA?
doubl e-stranded secondary anplification product by the restriction
endonucl ease ge¢ndpaudiesse Whdre| aouvdrtedgiiom  sagler itgi Aepbbostranded cldoe e duningnisanget

of nucl eoti fl_efS_ WhjliEBatich. SThdréfore %lﬂdéﬂb@ﬁﬁhﬁédﬁséc@ndﬁ? binpificheon prbdiidto Prddiced
aqueous anplifigati eactkon to. rganic. I | jte
shoul d be for a&rﬂé‘§1(:2 %?ctﬁm}l‘h‘jéaﬁ‘ 3%12 ee% e_e ri%ﬁ‘%%ﬁ%“ﬁ%k%@fi Z%@‘g%{%aé%&é‘?sgeet
sequence.  Typi cal | yThegerstonin which g gestrisHonendomiriaassrseognisiongite isicdsavad is dlusiraned
be placed tovarid Figle, Whef e PéstridhiGn Shathdtiedst ré®Enitioh Stedlis ¥hawen L réitediRMIRA on
nucl eoti des rengin nlﬁ‘ lin etd t.0 ﬁue. l‘t?g%% at.ter cl eavag%? or, ri)lc? r‘}?ﬁ 35 d
The restriction &lgo otk o I ¥ 2 BY &% %???88‘6@ 89 gt fefRncary
singl e strandedsmplifinationpproduet. fromothey eingle-stianded gigahl primee (sthistusered-V) are those
cl eavabl e or niiaRted PYFigha (E9).M i Kkl ONilidstrates WO d3dBI04tkahded restriction endonuclease
PCT/ US96/ 11977 endonucl ease V\%Qen con‘zeét.e% fb[ OE] Si zig:hez tgﬂ?agﬁbbe-@t randed
form during tarGEPBMHRDI F¥§ d% ¢ FBIFUrerhY AR blogkty W blse® a8y WECHATESr
anpl i ficatith prddusiesserodenesatedwor rigavage geadugtspl iaf linoahiliorelesivade produst cad eah
or nicked and t§dbele8 biffdntidedtite QAR GrodiREC. In NRARIBAC itheORedtitidh| &lofuciease
restriction endonucl ease reﬁlg%nlﬁ@)%{] Site Aeﬁ | eaved |ts il l?trate 5 | nb
Fig. 2. where tHEFEERSEA B % t@f'@'?@é FiBATEHE ¥ & ‘Eﬁ%&ﬁ and can be
rai sed portion dsplaché prodiwing: astraed s whirll. the tsignainprimer] cagt lypedite (Vh e nBreatdouble
of t Ihe d?.ubl e- saﬁa@aefistﬁeﬁ&naﬁon?m% Irédogﬁfibrg/) ait@frpdfﬁﬁayf dls_alnll»é Elt%avegl to generate a
si ngl e-strapde | i ner (structu -V) are those strated 1 n
o 3 (1Y b opic Hurs? gt (Do maf e P by polerise o geerae
endonucl ease r efuﬁ:gdmhhaﬂragdtdembhmde (Vid) priar t¥ clenveigs @nd gérerdtion ofithiedibeled lipophilic
o Suars® ) | kA i D . YHOABNIP ek BN i o
products - a li | 1 .de .
cl eavage pr oduc‘E}(.)llgf’lThﬁi g%‘?ﬂhﬁ'lcoﬁ‘?g‘"ldﬁ‘é’ ?’Bétqc?tlﬁnl Wﬁd'éﬁﬁﬁorﬁfcﬁé%{?éed? é@’o&?‘ff’g'?"bcﬁ‘ site
site at the 5 becomes doblde esttandededuBy pargeteamplificationuandirie cléaved by cthabiestrietitoh
can be di spieaceshdoMicRAMS rédleasthg St §edBitliahyPaniflifedlion\Feathdt od it IcBRpri§ the tipophitic
hybri di ze (V1) . Thg dgt{blfe st&&gndﬁg re$t r.i.ct hon endonucl ease rleco niti gn
site in VI rmy 31?% nlbe Q fewer hydrophifie pucleatides, than are present in the signal primer. As a result
of its increased hydrophobicity and increased lipophilicity, the labeled cleavage product
becomes soluble in the organic phase, separating label' generated as a result of target
amplification from the label of the unreacted signal primer. When very few nucleotides remain
25  linked to the label. the double-stranded secondary amplification cleavage product may denature
into single strands. This is also the case for nicked secondary amplification products, as
described below. Longer secondary amplification cleavage products may be sufficiently stable
to remain hybridized. Whether the cleavage product is single- or double-stranded is not critical
to the invention, as either form will be transferrable to the organic phase on the basis of
.30 increased lipophilicity. Unreacted full-length signal primer, which is more hydrophilic due to
the greater number of hydrophilic nucleotides linked to the lipophilic label, remains in the
aqueous phase. Therefore, if there is no target amplification, little or no label will be detected
in the organic phase. As greater levels of target amplification occur, more label will be
detected in the organic phase. The methods of the invention may therefore be used for either

35  qualitative detection of amplification (presence or absence of target) or for quantitation of
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15 || abeled lipophilic cleavage product (VI'), or it may be extended by
pol ynerase to generate a fully doubl e-stranded nolecule (VIlI) prior to

cl eavage and generation of the |abeled |ipophilic cleavage product (VII).-
V. VI' and VI1' represent alternative reaction pathways for generation of

| abel ed |'ipophilic secondary anplification products. As illust rl?(%ﬁﬁ's 0611937
recogni tion sit¥H¥MIA2s doubl e stranded during target anplification and is

cl eaved by the restriction 20 endonucl ease, releasing a secondary
arpl i fi cation cimplifisg®npmsgingctheanionnngf tabel ini the pirgdriic phasbab deteringe the initial
f ewer hydrophi Ié,ﬁodwg;ﬁ ydes than are present in the signal priner._ As a

| abel ed cl eavage. pr oNEER RN NG T o AR o e
| abel gener at edofasicleotides lihkedab thelimpphiliaigbel mhaycld the sarhe restrictien érgowiiclase employed
unreacted signal, @i gEA - re)il Hd gayBg OUEiRehH! dgs tH:?'EEAe tKe restrickiBK GldbrRiclease

the | abel, the doubl e-strande ary a I|f catl on eavag

denature into sTeRAENQn §itgigdhe sgn PPE‘%T“QY) 78 a‘g‘ét’Yeoﬁec?ﬁ"étﬁPécF’@%ébﬂﬁd’f’?"cty"“
anpl i-ficati on perddosiense &&mlhescnotbmdtd@mdoﬁmmme stsaiod) cebaayagrniy iifcorpmtition of

ot eavage pr oduChaaRRY aRTpS Whlihe uiihgei5h ANR fefrETRLIohELS 'trec%%muxwgw the

the cl eavage pro IS sI.n e-stranded 1S n%
i nvention, as ef® @Fa‘f%‘r H\"W‘lsi hB%’qural‘fsf’erreF%ﬂ“é’"t gita ey ifapicked, Y Jtae frstpgtion

basi s of 3010 i ecioaudease Wh@nipihemimaedifjed folm.c Bot @dmblel thelHingi recognitiar sifer GTHEGAC
which is nore h ﬁﬁiﬁ'

nucl eotides |i nﬁ%@% ?%&If#%g&ﬁ#l Ta EII@#%’%&?&&{RWH&B@E%E@O ogasugn ofa
Therefore, if tWgdATR B’Stf%ﬁ°§elf'°%1ﬁ'fﬂ is thegefprespitable for uge erthmgm BEMmeL,; in cogtgast,
detected in It hgtlﬁﬂ-ﬁﬂd’ll feg@é]md snAS(:Jj'gr@ACew nkmﬁexomenmbaﬁ&d Byricbfpofatioh @ athio-
occur, nore la cte ani ¢

Pnvent on Ty cRATEfnp & Sast b caaple dot i, PR MfpBERRS: prim o iy, ty BeSr
anplificati (recegritinge st GIISEAGe vodergessgdeyble rstrandedq glganage ab}i &s0Bl eyen when
WO 97/ 04132 hemimodified with athio-dCTP and is therefore suitable for use in the signal primer, The

bhase to det er nEREL FESBREH $1¢ LRCHGO T Wakeovsen DEmoRer Vi stfeRcie ot i
SDA, the restritherefre syittblefor usednthe amplification gamerst he nunber of nucl eoti des

i nlked 5 05t he Itl pOphA'rﬁ&aﬁltéb@dtnéﬁb}i énonudRase F¥Bo rﬁﬁnrslﬁtlhfiﬂet weeasa also be
enpl oye | n
rggt r?/ct | onigndonuéloeﬁ?gmgeeéggﬁ%‘iof‘g?fysﬂpglgfﬂ'q"hgro 'r‘ ﬁa?s {4 nrr&?elﬁ% '&'ﬁﬁt’"de

al ternative recesgmentsgesubingdran nicking wawkt notoreinain hybndxzed and would be released into the
organic phase. If some of the short, labeled, nicked segments remain hybridized to the signal
primer, the nick can be placed close to the 5' end of the signal primer to prevent initiation of
polymerization and displacement by the polymerase. Polymerases. in general, require about 8-
25 10 nucleotides 5' to the nick for priming. Therefore, using restriction endonucleases such as
Hincll or BsoBl. the target sequence may be amplified and the number of nucleotides in the
secondary amplification products may be concurrently reduced by means of a single restriction
endonuclease.  Alternatively, the restriction endonuclease for reducing the number of
nucleotides in the secondary amplification product may be different from the restriction
30 endonuciease for SDA. For example, an EcoRI recognition site, or any other recognition site
which remains cleavable upon incorporation of modified dNTPs during SDA, may be included
in the signal primer. In this type of reaction, both the cieaving restriction endonuclease and the
nicking restriction endonuclease may be present in the amplification reaction to achieve
concurrent amplification of target and generation of lipophilic cleavage products. Routine
35  screening methods testing a restriction endonuclease against its hemimodified recognition site
may be used to identify those recognition sites which are cleaved and those which are nicked.

..
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endonucl ease which is not protected from doubl e stranded cl eavage by

I ncorporation of nodified dNTPs during anplification. The restriction
endonucl ease recognition site in the anplification primers, however, is a
recognition site which is ni cked by the restriction 10 endonucl ease when
in hem nodified form For exanple, the Hincll recognition sit ,6%;%&,
under goes doubl WOS#BH4Ated cl eavage by Hincll even when hemi m)gpflT <

i ncorporation of [err] thio-dATP. This recognition site is therefore

sui tabl e for use I nittwilk bsiagpeentfronmette. rehctiopoillisteed int Figs. Hi andl 2 thag oo pdiditibn no
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endonucl ease. ﬂF'Pé’PW& ? ely, the restriction endonucl ease for reducing the
nunber of nucl eoti dis ai preféreeds PORN dugthodarapearding afol ale [dnvetition, fipyphilz secondary

different fromyg, E@ﬁsmt PSR el be SAHLANICHEASE hdophille BRIl BEAIPICa ffger
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in the signal Piollandl et bln supias Refearingf tor tha Riguee at PagendéZhef thecpublitgion, Tag DNA

restrictiogg e“ﬂ&?{igﬁaf‘ea erfidGnd Qﬁgﬂﬁc‘iﬁbrﬂ gm‘h‘é‘ns hiid ﬁfsbIQ&s hd ‘ﬁPﬁ'% rrpa:ﬁﬁ eaaaesb& the

present in the catlon rea ve ‘concurrent i cation
of target and ¢ jdowmgiream pEnbe; (e the é@%{g@“ﬂ‘?’bdﬂﬁq‘@g BRAL pytmer at the

screeni ng net hphisphatidsten boral joinitigrthe displaced nehioneitleths eemgmngnbtsa;iaa'ed portion of the
Q?P‘egn\%f Lﬁdaﬁgi gﬁaﬁ\%éi’“ Srgﬁs ﬁéi%esb‘i Hﬁéigd tchdnﬁﬁ-gt &rﬁé iffcBRHe cleBtfi8Nprodfd with
sxgm cantly fewer nucleotides hnked to the lipophilic label (usually 1-2). This cleavage

25  product is generated in a target amplification-dependent manner (i.e., only upon hybridization

and extension of amplification primers and signal primers on a target sequence), as the partially

double-stranded "fork" structure is the preferred substrate for cieavage. The lipophilic label

with the reduced number of linked nucleotides can then be transferred to an organic phase for

detection as an indicator of target amplification. As generation of lipophilic cleavage products

30 in this system does not require that the 5' end of the signal primer be double-stranded, the 3'-

end of the signal primer may be unextendable as described by the authors. Alternatively, the 3'

end of the signal primer may be extendable without interfering with generation, phase transfer.

and detection of the lipophilic cleavage product. However, an extendable signal primer may

increase background and extending the signal primer unnecessarily reduces the efficiency of the

35  polymerase in amplification. The number of nucleotides linked to a selected lipophilic label can

be varied by varying the nucleotide sequence of the signal primer. Higher A+T content in the
10
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WO 97/ 04132

PCT/ US96/ 11977 It wll be apparent fromthe reactions illustrated in Figs.

1 and 2 that, in addition to SDA, the nmethods of the invention are easily
adapted to ot her primer "extension anplification nethods (e.g., PCR or BSR)
For exanple, replacing SDA anplification prinmers with PCR arrpl bEreRS

primers and a P WF%BOI ynmerase which |acks 5 [err] 3" exonucl ease a(I:]t|V| ty
5 (e.g., Sequencing Grade Taq from Pronega or exo[err] Vent or exo[err]
Deep Vent from3Nend &fithe sipnh! Brimkofasijitates gerdeeatioa af targen, less hipophilaf cléavege oducts as a

secondary anpl ifigabs aare%méu&t ‘;PH meﬁrw % olfiefle GROLANBesthin 'eaygw fuplex
n

doubl e-stranded restrictio eas n|t|on tribute
the signal pri ﬂ’é’f“e gleavage, 'g“.e%s r?eét %ﬁ“""&ﬁ%ﬁﬁf‘ﬁ’eﬁé g 3178 qfﬁhqjégvage

t he restricti orpredwtorot inceeasesiits ljpophibicigbl Sudaddenhwtanhm vEtipeeqience ofafhieasignal
the final cycl I , V,

t her mophi | i )é repsﬂﬁrgﬁ aEygEﬁére?oQ%Rﬁ?i 6%’%@*& 2“3’2 cllévlg% l?'sdug& for 2 s%ecé:ﬁ
tenperature cy poel gpd @t 9’%%{'&P 1eH‘aB‘é°¥Jr € OhP Efu?f?ﬂjm 2 linked to
anplification. lipephilic EMusﬁthagecpremcagmy bé irictrasaddytinclusioroof a2mvehybdtieng eail
recogni tion sitg t&eg? aPbiiferbdhBARRL ippHiR IARAR 1S Tl vifild AR IR He. sigral

Thi s secondary a uct can nst eg g an or?lanj c xg) 3
for detection & BY"e‘éPF-o Brevioysly tat orF pophific, secondary amplifiation products
descri bed. 1i0n mapmgffmerdadkda(ﬂacmmm@enaalw prefetred.t he i nvention, |ipophilic

secondary anplifi Cat?o??d#i&ﬂﬂ(\o?ﬁle epe&?f rﬂ&ﬂ@tfs%@gﬂbﬁ %’Bxﬁ’;{ M&Q@r{b |e{nglog agﬁah

prlner in a target anp cation nner oyl ng.a
| abel in the PcXomusessridelisientrevegse (nanscriptase vath strand dgalg?las aghvyty i the P SRor emem

Fi Q:Jrfe at page v@lﬁ?hﬁfndizgt%rp@ﬂﬁ $igrial pﬁ:lﬂer tbake RNA ffet dPOhsyreRih A ¢hee’3t priter biidor
anpl i |cat|onp r ucl eot i

hybri di zed down reBWB ﬁ@?ﬁeﬁm“ al‘t ﬂé’rgtsaﬁgf'atequfﬁﬁl)‘ pagpggﬁ)hgn?ﬁeéctéqngﬁ%me
primer at tlfe piroiashisdiApplieant'hofig. jloi thie nbybridigedi| ssgﬂahqmimer ecangaining t the t testriction
Irega: n:jng basg &abﬁ&liaﬁoi‘écb%}ﬂn&f séquencel 9B e:d@énkité@rantd I uﬁpla@édeaﬁ Qftedsion of the

abel ed secon a i on roduct wi a

nucl eotides |i n‘fgéﬁ agg% H%F ésPFlgf)d éoﬂa‘frf’gluci 1§}}%n.|:ma§e ‘Qqug%vs ¢ \A&S
product . i s gendwhridigation @dtmwnawwm ptheaprlmnn d&pisrrerders therregtrictian, @‘ldonl!#ﬁa&‘e
upon hybri di zatﬂe@@nﬁi@d sB¥ tcRiaviti) oAl a0NPRphifié Gedohddiy Bh?ﬁﬁaﬁo@@ﬁbd&btgﬁaéenerated for

t
Ctructure i@ 11 3?%5? S S5 e B0 50, % S TR St o comain
with the reducedT Mmcbrmerasn lpeamotercsequenceland thereforh santise function Aeex euiplification

organi ¢ phase fgj dngnip%c?ﬁebhé]@&ﬁ&%nﬂf target anplification. As
generation of 1i pop}}l ¥ bceI aep%\a/uae t ﬂ%m CLe i'oregomg examples that the essential feature of the

invention is generation of a lipophilic secondary amplification product from a hydrophilic signal

25  primer by a target amplification-dependent reduction in the number of nucleotides linked to the

lipophilic label. Any such secondary amplification product, regardiess of the reaction

mechanism by which it is produced during target amplification, will be transferrable to an
organic phase as herein described for detection as an indicator of target amplification.

Compounds for use as labels on oligonucleotides are well known in the art, and include

30 dyes, enzymes, radiolabels, ligands, antigens/haptens and antibodies. Any such labels which

are lipophilic and detectable upon transfer to the organic phase are suitable for use in the

invention. Dyes are particularly useful due to the ease with which they can be detected, and

many colorimetric and fluorescent dyes have the necessary lipophilic properties. Examples of

such dyes are discussed in Molecular Probes Handbook of Fluorescent Probes and Research

35 Chemicals, 5th Edition, by Richard P. Haugland, Molecular Probes Inc. (1992) and

Fluorescent Probes in Cellular and Molecular Biology by Jan Slavik, CRC Press (1994).
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30 in this systemdoes not require that the 5 end of the signal priner be
doubl e-stranded, the 3'- end of the signal priner may be unextendabl e as
described by the authors. Alternatively, the 3 end of the signal priner
may be extendable without interfering with generation, phase transfer and
detection of the lipophilic cleavage product. However, an exte,;% bgnal
priner may incr‘%%g'ﬂ&é kground and extending the signal primer by
unnecessarily reduces the efficiency of the 35 pol ynerase in .

anpl i fi cati on. Smeeificnlipdpbilic ddyes soktablst fatewse| inrthednvegtien dwludet bt hrepeyshiirhited to,
| abel caa _ bﬁ Vaibhgi_ﬂlhbyz;tﬁéi{eyi%ﬂ&Rwﬁi-gh@bﬁﬂhhgﬂaywﬁlié@ PéiaffLduRRiaf] Biéde, Perylene.
primer. Higher A+T content .n . g

DT Uso6! 15 07 1odamt Bpdiipe B Q%&ﬂ"‘ebhr”ukr'%%vgrg e A Res, sgifarhodaping, 1y didodecyl-
| arger, |ess | Padphirtetramashydindengebogyasingcpeschiorats. petsdrcy! dipdarsine Berad theeRODIPY
d: spl acene g{) byyek agvaRstle/ W?ﬂoﬁéﬁﬁﬂrol’rdbb{ & Nelpg” Blobm'hesstmﬁismﬁw P-3921,
cl eavage. nv v c

the ol eavage pPORIEY Bdl RBRYIs58 BOBIRRR 4P, HODELH o, Bopie B alse
variation of t RODIBYURA¢83 BOPRY B-2p33] BODIPYB-2236, RODIPNeB9289.cand BOBERY Bo
optim ze the | enghh mfr 4 SfectddSmépRific Miber Ukd afpPbpriate Rbrfiser @4 INREE hudkédidés in the
sel ected organl.clédghase. AlterF&%l lg;y t he nu?r{rraia?r of m{cl eoél d n+| nkeg t‘ﬁs
Che 1§ pophi It ¢ B3 Brmet toGhizi, Momhiic Hsppeitis ey aparopats Sumbsy i inksscierty
of a non- hybri i tiengecondary iamplifieation gpratlugyrtonebtaip clinophific tirepdrtigsoptay | Yec rousinely
and the Itar gtet d&gﬂﬂﬁhéag.xs ( ﬁ S?rEéniﬁngﬁetﬁ%d%%ﬁéh &rtlheﬂf%_rdesdf‘bwmel%xan?gls. ’:IL'%at is, by
previously sta nor e, 'l pophi |J c .Sseconda ificati .
havi ng fewer | F Yarep §6‘BT“B§S°€§P@°‘§5%%F%%¥Vq%%élfl@??@@ﬁﬁ%%_"ggeétb'_fgafpf f)fﬂ“bélfty
the inventive meantoygania phase GRN aquedus pbask.the practisionen can desigpd pijtable Sighad prifngt for
1 The S6R [ cacy il refiRs BF the MOBEIoh, 15t wiboBkied Wi e BN plnario
in the eacti.on, w . . .
arget dowhbt r EEeHgmfen B dfpsied S danster. 8 o St Bhastuine Gpebiids Ko in e
al ., supra (seert@proptidte for the gelected labeje 11 Segase dfcalormaentie dyes, ahsbebaucelds light is

simlar to Appg;rcaw used o dettetidnh forl kbl ARG 25pRBPophBionBEdr. FMdradcRit el HiRdy

restriction endonycl ease recogni tion sequence.is, 1) extepnded, apd 2).
di spl aced by e ‘éﬁ?i g‘?‘l ‘FJ ?’Ne ??céan%awﬁ%equf)mfﬁ@t o‘B’gf)I“?é'eBe é’%%'@ﬂs?lbﬁ"
product is thespprepratciwendlangtt ofdighteahdisletelateld by dhezemission efifthorsstanns ifonexafmplelhra

ot her pringg. ﬁ@é,@m@ﬁpg%fﬂﬁg;gs&&ggﬁgc%wwendonucI ease recognition site

ool e g5 o S e g PPl B id S SBY lin
primer for 3SRsalehlityrodt signaltprinmer or secondary amplification product incorporating a selected label.
That is, although different signal primers and secondary amplification products incorporating

different lipophlic labels may exhibit different solubility characteristics in different organic

25  phases, whether or not a selected organic phase is useful in the methods of the invention can be

determined using simple screening assays such as those described in Example 1. Any organic

phase in which the secondary amplification product is soluble and the signal primer is insoluble

(or minimally soluble, preferably below the level of detection) is suitable for use in the methods

of the invention, e.g., chioroform, phenol, butanol, methylene chloride and mixtures thereof.

30  The proportions of the components in a mixed organic phase are generally not critical, and can

be optimized as necessary using simple screening assays as described above. The lipophilic

secondary amplification product is typically transferred to the organic phase by mixing the

organic phase with the aqueous reaction phase to extract it. The aqueous and organic phases

are then separated, naturally or assisted by centrifugation, and any label extracted into the
35  organic phase is detected.
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a T7 RNA pol ynerase pronoter sequence and therefore cannot function as an
anplification priner, reducing nonspecific background signal. It will be
apparent fromthe foregoing exanples that the essential feature of the

i nvention is generation of a |lipophilic secondary anplification product

froma hydrophili lgpal 25 prinmer by a target anplification;

reduction in th‘é’orc?’tfﬁgg of nucleotides linked to the |ipophili }&g@g{é}ﬁ%‘}}my
such secondary anplification product, regardless of the reaction mechani sm
by which it is prodlfcetubiity phithetlmoghilic ssvphday emplifiatiomiptddubeint thansgmic phdse is
to an organic pRa RS ideth X | " : ' 3 kndi fio.
target anplifi C%g?gﬁ' %g%omdg.ﬁ f&g’%& E?g‘“w Fgg‘é']efgtog%p%ﬁégg%lfg quoe'g %gés S"gfr'%l"y’
wel I known in FAENEP M2 RRACUGES 17 fae AyecusRAase to pcrspse s lopisirsngiie By increasing the
| i gands, anti gtons/ ieepgtbnef thndqesois ipbatiee the sdiupilisy off thealipdphilishéeebndarye amplification
| i pophi I i ¢ ndpré@L&cis abhRedP Fuch ! i Wi RS Ee AT ScsHl Labl e
for use int hezi nventi on. ewgcgragﬁggﬁ 'F%:lgféa?ﬁ‘/&fj@gg Jﬁ' ‘%‘E_g’i .28%{1 haé]%'g%lss e‘c'.oll/l\ﬁ%fﬂ‘
whi ch they can W& Semendy inclydg. hyhare Gob dimited r foe minerak 2gids &@anphosphario acid,
the necessary hydseqiirici asidosulfirrict dced).,. orgamierptids (ef., acetib adidemdadtherdtasiidxyhe akids),
Mol ecul ar  Pr obggokdangiboek. Shdiiht b : 3

Cheni cal's, 5th ql%%i i o%@?éggd'ghéﬁéﬁ%@%%ﬂ%hg‘,sm%ise’@&?g‘%r'@rgﬁb‘g‘sfb?“ﬁ? salts (e.g.,
(1992) and_ FI ulio8EL AYASBITLEUCHR Qedpagnpsitm saonele sulfale safs e 8gysodimy patassium,
Sl avi k, CRE® Pr ealejum 199mpgnesium\\Ifafe) Cubd 3ghosphate salts (e.g., sodium. potassium, calcium or
PCT/ US96/ 1197 Tmgg6ilil hbiphate)) | iror d%n:yrs] sfléét&ﬁbéo%bﬁr%oﬁns ﬁg ! %ﬁhepﬁrn&? "debSHlary

I ncl ude, but are not.li méed to, di.p yl'hexatri ene, .. ]

N- pheny| - 1- napfERfiicatian-produst aegoreanic, phasathe amguns of therselepted additivp sl herinluded in
r1 h(ida(rjr? gedB, ltmbmmmuhphzsbwarﬁam,tréﬁleﬁeﬁgﬂﬁeai optilid @E&ﬁﬁmﬁiﬁcaﬁm product to the
, 1' - di dodecyl 3 : C I ] car bocyani ne perchl or at.e,. . .
oct adecy! rhod%rﬁ\%{gp%sgﬁg yibﬁéﬁ%*t%;}g% "RW&“&% R4 ?lé)’ W?’g?ﬁrﬂﬂ%eéd%mwm"ed m

Probes | nc!> ( ethgpresenoppfa rangg pbameousobaseyoric gengthsBODI PY D- 3935, BODI PY
D- 3933, BODI PY B-3930, BODI PY B-3932, BCDI PY B-2192, BODI PY B-2188, BODI PY
B- 2223, BODI PY B-2226, BCODI PY B-2229, ar@xggﬁlﬁg B- 2185). For a selected
| i pophilic |abel, the appropriate nunber “0f - T dd nucleotides in the
signal priner to obtain hydrophilic properties and the appropriate nunber

of |inked nucl eoti deseritd of dye-dohjugared oligbdedxyrlitlbdtides ¥ereQreRhQIHSF thelrQoRBiif) ifl a

| i pophili r i Ok | et er m ned i ng s e screeni.ng, .
net hods sﬁ%:dﬁ g?ﬁt ooger%géﬁ' ?%"épgiiiér{{' @éﬂg‘?’%{“‘f‘%ﬁ%& &isvg','ﬂ'lﬁ/fefqgh quﬁﬁsyéx&engd and
vari abl e nunbeabelgd atythecS'tand cwith BADIPYs S58/56% dMolgsulahiRroles| de| cazabo #2318) ng
for sol ubilityrecommended by the manufacturer:

dye-1-mer 5'-BODIPY-dG
25 dye-2-mer S'-BODIPY-dGG
dye-3-mer “BODIPY-dGGA
dye-4-mer 5-BODIPY-dGGAA
dye-33-mer  5-BODIPY-dGGAATTCATCCGTATGGTGGATAACGTCTTTCA
(SEQ ID NO:1)
30
The labeled oligodeoxynucleotides and the free dye were then tested for their ability to
partition from an aqueous phase into each of several organic phases. The oligos or free dye
were dissolved in 100 uL of 50 mM K,POy, pH 7.5, and an equal volume of organic solvent
was added. The samples were mixed by vortexing and the two phases were separated by
35 centrifugation. The amount of BODIPY-oligodeoxynucleotide (or free dye) in each of the two
phases was - determined by fluorescence spectroscopy. The percentage of BODIPY-
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in an organi c phase or an aqueous phase, the practitioner can design a
suitable signal prinmer for use in the nethods of the invention. The | abel
associated with the secondary anplification 15 product may then be
detected after transfer to the organic phase using nethods known in the art
appropriate for-the selected label. In the case of colorinetri

absorbance of |WwWQWP/04182typically used for detection, for exanﬂf@%@?’ﬁ%
spectrophot oneter. Fluorescent dyes nay al so be detected by absorbance.

Al ternativel'y, Jiigd@écxgheRotigd/ @y i@ Ydyd) trafsférrddefebrd thelquéeup phieitaties ovamed pingé Is
of light and de%g&*&ﬁmefhe em ssion of fluorescence, for exanple in a 20
fluoroneter or by tluorescence spectroscopy. Simlarly, a variety of

organi ¢ phases may be screened by routine nmethods to deternmine solubility
of a signal prinmer or secondary anplificatTABLBioduct incorporating a
selected lahel. That is, although different signal prinmers and secondary
anplification products incorporating different |ipophlic |abels nmay exhibit
di fferent sol ubPMEFQLmr ak _inB'dFMQLent WIC/ 25 MZBEE NE
whet her or not a sel ected organic phase is usef UICHIOROFOR® hoHICORIDE

i nvention can be determ ned using sinple screening qﬁégms such as those
described in Exanple 1. Any organic phase in which the Secondary
anplification produtt—Ts solubte-and the=stgmal primer—13%1 nsol ubtre{or

m ni mal |y sol ubbge Alref erably émbow the | e0%l of det @9% on) is suBt%ble for

use in the met hﬂgé the invepion, e.g. ghl or of or Agophenol , butsgpol ,

net hyl ene chl oride and m xtures thereof 381 The propaortions of the

conmponents in aDYﬁ'?('e?tfforgani c phase are ge7r"’(EraI |y not¥¥& itical, arfd®can be
optim zed as nePms3aiey usi ng sisepl e screerd¥hg assays 28% descri bed 5&bove.

The |ipophilic Bgqu_g%gry anpl i fzpcation proguct is typigal ly transfgrred to
t he organi c phas bsy m xi ng thé organi c phase with the agueous reaction

phase to extrac®¥§#3-mfhe aqueo®¥% and orgari”® phases at@ then sepal®fed,
naturally or assisted by centrifugation, and any |abel extracted into the

35 i h i t d..1 4 . . .
T/ Usoe 1077 11 sl T Effelfieps Dhenollifbrdfarit ba¢ pariculanty well suited, for extracting
product in the BPHENYdabsled de3-mers; Butanpl yoskedgvell foy iexisactinn of BGDIY -labeled 1-mer.

sensitivity or Nénd bf ke Oigasic Whases dacdessfdly t extrattbh BODIPY-Hidbdléd BY-men i BODEEY-
T o Nl e SR b RT3 oy Bl
| i pophi | i ¢ secofepiifigationoprodyce yill b transferred from' the aqueous phase to phenol/chioroform (or
butanol! if the secondary amplification product is a 1-mer). In addition, a signal primer which is
at least four nucleotides in length is sufﬁcientlylhydrophilic in this system to remain in the
aqueous phase.

15 Various aqueous phase additives were tested in the assay to determine their ability to
enhance phenol/chloroform extraction of the dye-3-mer without resulting in extraction of the
dye-33-mer. The dye-oligodeoxynucleotides or the free dye were dissoived in 100 puL of 50
mM KoPOy4, pH 7.5 and 10 pL of the indicated acid or salt was added. An equal volume of
~ phenol/chioroform (50:50) was added, and the phases were mixed by vortexing and separated
20 by centrifugation. The amount of BODIPY-oligodeoxynucleotide or free dye in each of the
two phases was determined by fluorescence spectroscopy. The percentage of BODIPY-
oligodeoxynucleotide or free dye transferred from the aqueous phase to the organic phase is

shown in Table Ii.

14
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5 product is reduced. Such additives include conpounds which ionize in
aqueous solution. Such conpounds include, but are not limted to, m neral
acids (e.g., phosphoric acid, hydrochloric acid. sulfuric acid), organic
acids (e.g., acetic acid and other carboxylic acids), chloride salts (e.qg.,
sodi um potassium calcium or magnesium chlorides), carbonate -
sodi um pot assi WRSO432i um or nagnesi um carbonate), sul fate saIPFgM(sgqg%’g
sodi um potassium 10 cal cium or magnesi um sul fate) and phosphate salts
(e.g., sodium potassium calciumor magn&@ARLE Ilphosphate). For any

sel ected conbi nation of signal priner, secondary anplification product and
organi ¢ phase, nt o he _selected additive to he | ded.in the
aqueous phase tl@%m t@éﬂéﬁ@ﬂéﬁﬁ%e (’I-’i}‘ﬂ(ﬁfﬂi I F@%@%&f@%@“@ Me€htion
product to the organi c phasACERYC BE€IDet er m ned by rRHOSRHORIKC eeni ng assays
in which transfer is nmoniitored in 15 the presence of gefpnge of aqueous
phase ionic strengths. EXAMPLE 1 A series of dye-conjugated

ol i godeoxynucl eoTT U85 Wer e Screened-.tor tHeErT 3ol ubTTTTYy Th a 20 variety .
of organi c phaPys AlSleort ol i godFsxynucl eot P8s of varyB7g | engt h wes%

synt hesi zed an b d at the gae-end with | PY 558/ (Mol ecul g4,
Probes, Inc. cg)tyékffg'géﬁzzls) as %é:ommndedggft he mnuﬁgﬁturer: dygi/f-mer
5' - BODI PY- dG 2%Ye-33-mer  que 2. g% 5 - BODEP®- dGG dye- $%er 1%

5' - BODI PY- dGGA dye- 4- rer 5' - BODI PY- dGGAA dye- 33- ner

5' - BODI PY- dGGAATTCAEg%ﬁ; T@ﬁgﬁl T . : : I;lg&s%

ol i godeoxynucl eqti des and t eg;?réee ,yegav%'l’ ég?\tfﬁgnggfﬁlé‘g%%%b?%%mﬁgé?r abi |t‘=1§‘€j(m

to partitiof fbthesyeRgnedint the stganiciphasedin essentially thedeyel of e dye aloRgiwthoutrany

<7J| i5908 gr free aﬁiﬁeciﬂflé thcfiase i d@edctich ai?me [d@éaklm@{j dﬁ%ﬁiﬁ%iﬁf ﬁfch]a:aﬁIﬁeésr shouldHbe
.5, and an equa u or gani & .sol vent s added. The s es

m xed by vort eﬁf‘ﬁeﬁf&nﬁgﬁ?fgﬁ k) B’ﬁg ebse mptge%goﬁg\c%de)%vcgﬂg\ O*aﬁ?e s?mallé'\reﬁsmpy-

cent ri f ugat i on oligonuclepiidentas pfellpdfurther, addiion o6 agditinss do incasg the ibnigstraygsh of the

each of the twg%gm BRaséAoultPb£édPeitd tdihcfehst b MSRE BE SocSRRAG) 4AHIERAon préfi&its to
[»)

percentage gf BODI BV il 3hases as well

EXAMPLE 2

Oligodeoxynucleotides were synthesized on an Applied Biosystems Inc. DNA

15  synthesizer (Model 380B) and were purified by denaturing gel electrophoresis. An
oligodeoxynuclectide signal primer was synthesized for hybridization to nucleotides 985-1010

of the IS6110 element of M. tuberculosis (Thierry, et al. 1990. Nucl. Acids Res. 18, 188).

This sequence is within the IS6110 sequence to be amplified (nucleotides 970-1025 of the

IS6110 element). The signal primer sequence was as follows:
20

5'dGC/TCGAGTTGTCTACATCCGTATGGTGGATAACGTCTTTCA
(SEQ ID NO:2)

The signal primer was 5-end labeled with BODIPY 558/568 (Molecular Probes, Inc.) as
25  recommended by the manufacturer. The following amplification and bumper primers were also
synthesized:
S1 ampilification primer (SEQ ID NO:3)
S'dCGATTCCGCTCCAGACTTCTCGGGTGTACTGAGATCCCCT

15
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WO 97/ 04132
PCT/ US96/ 11977 ol i godeoxvnucl eotide (or free dye) transferred fromthe
aqueous phase to the organic phase is shown in Table 1. TABLE | 5 DYE-OLI GO

CHLOROFORM  BUTANCL * PHENOL/ METHYLENE CHL OROFORM
CHLORI DE (50: 50) Dye Al one 92% 90% 0

81% Dye- 1- ner WO97/04132 189 71% 78% peTossbtibn.
Dye- 2- ner 5% 7% 45% 7%
Dye- 3-nmer S, dplification primer (SERQ 1D NO:4) 26% 5%
Dye- 4- nmer 3% $dACCGCATCGARTGCATGTCTCGGGXRAGGCGTACTCGACE%
Dye- 33- ner 3% 0% In

6% . 0%,
this experinment, pf%h@f'?@ﬁpﬂ?’ﬁﬁ@m@agopart icularly well suited for
extracting BODI PY-| abel siCGGFGAASCGEBiATanol worked wel | for extraction of

BODI PY-| abed ed 1- ,W’ lgy phases successfully extracted

BODI PY- | abg ed 33%bor ﬁ-%ﬁz?ﬁg l| O'égl ed 4-nmer. This screening assay

dermonstrates that for tH ,Cg CAf‘ or 3-ner secondary anplification

product wil | bBsoBlahesf are irsitated dnmbold dtalicsiand ube clbavage site i iredicatddchyl the slashr m SEQ

butanol if thersReONdAkN: ihéiﬁ#ﬁ%ﬂoﬁ?a&%ﬁ@é}ﬁﬁwi s al-nmer). In addition, a
olr

si gnal rimer which is at -l east ..hucl eotil.des i length is suffjcj.entl

oy arannl 1 6T i Stiapd Dispiaeamens ATRISHHOR 1 RETOBIS S5nal as fsscrbed by Walker %t
Various aqleous. ()B2% dualidicids\Res, supra). Sesples! faramplificasios weret ipitidiiyt preparebast Iarl
oL o L SOR P AP s o e e b
the free dye \A%é'@ag)r @W%obqvwefé@m[ g, 14 “g'bpﬁ’ﬁfrléle%?ﬁé?'ﬁ'sezp# '}’I.V@e“h
and 10 [err] L pimers®,iandi Batand 29caM S5BODRIPY -laizeledasighat] priver. e Yasfings ahames of M.
phenol / chl or of kiRt a6 Bhder YA 34 then 3ffed' B%abl B5HTe HPS BLIIGHs B 1Y HIHIST

o0 2P L2 A8 Ge0Y 2k pAMEE 30 mpd oo BT, 0 0 ptgaal DNA
determ ned by Thesedésde sampiepeetas damned by theatingr foe 2t aye iafa BGlbhg Yvater bath and
ol i godeoxynucl glibfifed For' 5 Gk of 6OES " friter! drABARMES BAKICHR 2T clRubibiSe
organi ¢ phase ée?icisento orm Io? DI\?A pglymer'ase from Bacillus caldotenax (5'-3' exo~ Bca, PanVera) were
diluted together to 16 units/uL and 0.4 units/pL, respectively, in 10 mM TRIS-HCI (pH 7.9),
20 10 mM MgCly, 50 mM NaCl, 1 mM DTT. The enzyme mixture was prepared at room
temperature immediately before addition of a 10 pL aliquot to each of the equilibrated 40 uL
samples. The final 50 pL reaction mixture contained 35 mM KoPOy4 (pH 7.5), 3 mM TRIS-
HCL (pH 7.9), 15 mM NaCl, 0.3 mM DTT, 105 mM MgCl,, 1.4 mM each dGTP, dATP, TTP
and athio-dCTP, 0.1 mg/mL bovine serum albumin, 500 ng human placental DNA, 100 nM
25  primer Sy, 500 nM primer S9, 40 nM each primer By and By, 160 units BsoBI (New England
BioLabs), 4 units of 5'-3' exo~ Bca, 20 nM 5-BODIPY-labeled signal primer and varying
amounts of M. tuberculosis DNA.
After enzyme addition, the SDA reaction was allowed to proceed for 30 min. at 60°C
and was terminated by addition of 3 uL of 0.5 M EDTA. Samples were then diluted with 350
30 wuL of 05 M NaCl, 10 mM TRIS-HCl (pH 7.4) and extracted with 400 pL of
phenol/chloroform/isoamyl alcohol (25:24:1). The fluorescence intensity of the organic phase
was measured at 579 nm after excitation at 556 nm. Fluorescence intensity values for the
organic phase for each initial M. twberculosis target level are presented in Table I. Increased
fluorescence intensity above background indicates target-specific conversion of the single-
35  stranded signal primer to a double-stranded form which was cleaved by BsoBI. resulting in
release and transfer of a BODIPY-iabeled dinucleotide to the organic phase. All M.
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14 WD 97/ 04132
PCT/ US96/ 11977 TABLE Il DYE-OLI GO  CONCENTRATED 0.1M HC  CONCENTRATED

5M NaCl ACETIC ACI D . PHOSPHORI C ACI D Dye Al one

97% 98% ' 97% 98% Dye- 3- nmer

96% 97% 96% 85% Dye- 33- ner US96/11977
2% WO pi/p4132 5% 1% As conpar egc%‘o the

solvent alone, all four additives substantially increased extraction 5  of
the dye-3-ner iherruldsés leveiscinited whrsietettable everghe negative qantrol sample which pentaigesi no
al one) wi t hout AanyreRRIAE ?JP%&‘ DRA! €ARErehsing AlibSdeh@ with bR adNE 18R4SR - target
Addi tion of sugh addltl\/tﬁs ﬁ oul d be gl%gerabl y%l | ca?l & afn]EHV\/oul d b@ﬁ .
expect ed to i n@FRAEsrated;that the igyentive methods ¢an bew [ BNARIIANOR SR HEER 37 pgRidicaiion
wel | . Further, reagtiénsi on of additives to increase the ionic strength of the
aqueeous phage woul d be expected to increase transfer of secondary

amplification products to 10 other orgamfggppgdses as well. EXAWPLE 2
A i godeoxynucl eoti des were synthesized on an Applied Biosystens Inc. DNA 15

synt hesi zer (Mobdel 380B) and wegq,Nikd-bdisds by d 'Pragk gel

el ectrophoresis. An oligodeoxy Si gnaE % was synt hesi zed for
hybri di zation to nucl eoti des 98@%?@5{8 fhe IS IE EE‘E&ﬁE éement of M
tubercul osis (Thierry, et al. 96—MNtet—Aei d UL : ). This
sequence is wthin the 1S6110 sequence to be anplified (nucleotides

970- 1025 of the 1S6 110 el enent ygoobhe si gnal prijgEey2sequence was as
follows: 20 5' dGC/TCGAGTTGTCTACAﬂ' ATGGTGGAT CTTTCA (SEQ I D NO 2) The
signal prinmer was 5 -end | abel ed th BODI PY 55 8 (Mol ecul ar Probes,
Inc.) as 25 recomrended by th&00anufacturer. 86334f ol | owi ng anplification
and bunper prinmers were also sygthesized: 75253

EXAMPLE 3
10
SDA is performed as described by Walker, et al. (1992. Nucl. Acids Res., supra),
using the Sy, Sy, By and By primers for amplification of the IS6110 sequence disclosed
therein. The amplification reaction also includes a 5-BODIPY-labeled signal primer which is
33 nucleotides in length (5-dGGAATTCATCCGTATGGTGGATAACGTCTTTCA - SEQ ID
15 NO:7). The 26 nucieotides at the 3'-end of the signal primer (the target binding sequence) will
hybridize to the IS6110 target sequence at nucleotide positions 985-1010, between the
amplification primers. 5'to the target binding sequence is a recognition site for the restriction
endonuclease EcoRI (bold italics). After SDA, EcoRl is added to the amplification reaction
and the samples are incubated for at 37°C for a sufficient time to allow cleavage of the
20  secondary amplification product.
During the SDA reaction, the signal primer is extended by the polymerase to a length
of 49 nucleotides. This 49-mer is displaced by extension of the upstream amplification primer.
The 3'-end of the 49-mer will hybridize to the 3'-end of the other amplification primer, forming
a double-stranded 70-mer after extension by polymerase. The single-stranded EcoRI
25 recognition site at the 5-end of the signal primer will become cleavable by EcoRI upon
formartion of the double-stranded 70-mer. EcoRlI cleavage of the double-stranded 70-mer will
produce a cleavage product which is a 5'-BODIPY-labeled dinucleotide. This dinucleotide is
detectable as a secondary amplification product by virtue of the linked dye.
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S[err] anplification primer (SEQ I D NO 3)

5' dCGATTCCGCTCCAGACTTCTCGGGTACTGAGATCCCCT 15 WD 97/ 04132

PCT/ US96/ 11977 S[err] anplification primer (SEQ ID NO 4)

5' dACCGCATCGAATGCATGT CTCGGGTAAGGECGTACTCGACC Bl err] bunper primer (SEQ ID

NO 5) 5' dCGCTGAACCGGAT 5 Bl err] bunper primer (SEQ ID 6906111977

5' dTGGACCCGCCAAYOB#P2si tes are indicated in bold italics and the cl eavage

site is indicated by the slash in SEQ 1D NO 1. The target binding regions

are underlined. Strafie Seapl seemdarty atwplificdtion giroduat he ﬁ@ﬂ’é’rh’e@%giﬂwleﬁqdy) is

as described bydddédikrbv mBlingl@e aq@dous ra3foh wmgﬁenéﬂé‘rﬂﬁ'oﬁﬁﬁ -and S¢Hafalihg tReRdque6ss
[

Ker ROl er e (R e it 2 b BERREHEn “Burigadb8ch bl e s hon gt
[err]thio- dCTPe89 bydluegseance spactrescopy.urimingieptenin fuomseenre ransierred|torthy organic

NM primer S[rr phasdftdr ¥hpRfdation (28RbmpHeEtd dn lﬂﬁﬁﬁpﬁie@rob]\trolgﬂﬂl ﬁl&cit_%hatt the 136110
er,Cul 0OSI S .t ar

5' - BODI PY-1| abel ed signal prinmer. Varying a n of .Mtu et ..
DNA ver e 1 hon alEBEUSEot8 B PrassibL e besh oGm0, Jf g Teasicp e epipp ey Setoiiad i
HCO (pH 7.9), 1thewksahlg@hhser the targ@ sedviehizeGs notprestat O is mesent3@O hasgiohbeeaamplified.
pl acental DNA. These 40 [err]L sanples were denatured by heating for 2 mn.
in a boiling water bath and equili brated %@L&?ut es at 60C for priner
anneal ing. BsoBl and a 5 -3" exonucl ease i form of DNA pol ynerase
fromBacill U cal dotenax (5'-3' exo[err] Bca, PanVera) were diluted

tT %?gt Ear Eong g ni tsagﬂeersldéhmm%é%séumk tiﬂa[rﬂﬁﬂie]d'—bygl’@kllo%mlg/: %ﬁéﬂti@lﬂh Bf 40se8dfdary
- . 9),...20. errl, , . enzyne

m xture vvag pr eﬂg?lg’zﬁ”éf’[“ RO 28 8{’%}45'3 -whgﬁeﬁﬂ-b&f%?eﬂa&Wﬁ%ﬁ?“%ﬁ/i"&“‘“

10 [err]L ali qupdir consistscbf tfe target dipdingi tegimbe df SEQ 8D fO:3sandpSEQ. IDTNO:#) nulthe

50, Lerr 1L 1 eact et find ka9 2P ot 88 b St P therS Pt 5 fibers of

dGTP, dATP, P?le 2tk [162?1?}\4[9?? -’?fé%f?ds .efp%’fﬂl_ \g}\é'i %EHrCiA‘PB‘Elﬁrﬁﬁh‘? a@%@%‘&’"
human pl acent al re@ition i§ Gbeled/aCthe 5'-pad with aJjpephiljc, dysGid rhid psequenceSjased n théGanghd
each primer Bl epihding 2l 6f SEQ 1RO (WitichEs GRntiéNedVee i et Binding region of SEQ ID
NO:7). The sequence of the signal primer may include the entire target binding region, but is
preferably a segment of the target binding region which is GC-rich at the 5-end. As the 5'-end
20  of the target binding region of SEQ ID NO:2 and SEQ ID NO:7 begins with the sequence
ATCCG, it may be preferable to eliminate the 5'-AT and begin the signal primer sequence with
5“CCG. Designing a signal primer with a GC-rich region at the 5-end promotes the
production of smaller polymerase cleavage products (mono- and dinucleotides), thereby
ensuring that the cleavage product will be sufficiently lipophilic for transfer to the organic
25  phase. Alternatively, the 5' end of the signal primer may comprise a very short nucleotide "tail"
which does not hybridize to the target sequence (preferably no more than about 1-3
nucleotides in length) to that the polymerase encounters the preferred “fork" structure without
the need to displace hybridized nucleotides in the signal primer.|
The 1S6110 target sequence is amplified by PCR in the presence of the amplification
30  primers and the signal primer, essentially as described by R. K. Saiki, et al. (1985. Science 230,
1350-1354) and K. B. Mullis, et al. (1987. Methods Enzymol. 155, 335-350) utilizing the 5'—
3' exonuclease activity of Taq DNA polymerase to generate target-amplification specific signal
primer cleavage products as described by Holland. et al., supra. After stopping the
amplification reaction, an organic solvent is added to the aqueous reaction phase and mixed.
35  The phases are separated (e.g., by centrifugation) and the organic phase is assayed for presence
of the dye using methods appropriate for detection of the selected dye. If an increase in the

-
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Bi oLabs), 4 units of 5 -3 exo[err] Bca, 20 nM5'-BODI PY-| abel ed si gnal
primer and varying anmounts of M tubercul osis DNA. After enzyne addition,
the SDA reaction was allowed to proceed for 30 mn. at 60C and was

term nated by addition of 3 [err]L of 0.5 M EDTA. Sanples were then dil uted
wi th 350 30 [err]9|7_ g‘% M 10 MM TRIS-HO (pH 7.4) s96/11977
extracted with 4¥8 ?]L of phenol/chlorofornilsoanyl al cohol ‘g 1).
The fluorescence |ntenS|ty of the organic phase was neasured at 579 nm

after excitati osmeuntsE@lye transférred e thesorganic piasnas doynpared de gn fiuamplified corgroh reaction
phase for each iifldiicidd, Me :a@e;eau&eé '.sspae@ehg@.&d haf3\Habn  ARBIRACILR) ffdreafl i 3elered,

. Increased fl jorescence | nt % légr ound |ca{i€q
target-specifict o‘ﬁ%f%"ﬂﬁﬁ’%fs’l"ﬁ@r ‘?"ﬁﬁTEP“’éS’“ E'?arsé'ﬂﬂ nampified o1 er to a
doubl e-stranded form whi ch was cl eaved by BsoBl, resulting in rel ease and
transfer of a BODI PY-1abel ed di nucl eotide to the organi ¢ phase. Al M 16

WD 97/ 04132 PCT/ US96/ 11977
tubercul osis levels tested were detectable over the negative control sanple
whi ch" contained no M tuberculosis target DNA. Increasing fluorescence

with increasing |evels of target denonstrated that the inventive nethods
can be used for quantitation of target in anplification reactions. 5 TABLE

| #M tubercul osis Organi ¢ Phase Target Genones Fl uor escence
I ntensity 50000 100842 5000 91485 500
86334 0 75253 EXAMPLE 3 10 SDA is perfornmed as descri bed

by Wal ker, et al. (1992. NucL Acids Res, supra),
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using the Slerr], S[err], Blerr] and B[err] prinmers for anplification of
the 1S6110 sequence disclosed therein. The anplification reaction also

i ncl udes a 5'-BODI PY-1 abel ed signal primer which is 33 nucl eotides in

| ength (5" - dAGGAATTCATCCGTATGGTGGATAACGICTTTCA - SEQ I D 15 NO 7). The 26
nucl eotides at _the 3' -end of the signal primer (the target bi pgrgosnior
sequence) w | WW’&?ze to the 156110 target sequence at nucl eoti de
positions 985-1010, between the arrpllfl%fa pRls. 5 to the target

bi ndi ng sequence is a recognition site Tor the restrlctlon endonucl ease
EcoRl (bold italics After SDA, EcoRl is added to the anplification
reaction angd tha € SREPRIATH ?ﬂjbated for at 37[err]C for a sufficient
tinme to allow cl eavagﬁpnfxchm Wil kex S GabIHéATr Y arrpl ificati on product Duri ng

t he SDA reaction, the signal i s_extended the t
length of 49 nucl &t GFE 2 Ig‘"ffg': TDF'EECEF%PS%%L en5| 5 %:r ?%e

upstream aypl i fi qadi)orumpern®d seddiwces:- end of the 49- mer will hybridize to
the 3'-end of the other |ificatian priner, form ng a doubl e-stranded
70-mer after extefSTofi ZEQ%F Aghirazde éadggéke 430 410 ELAR! ar
recognition site at the 5 y the signal prinmer will becone cleavable
by EcoRl ubon fornati ofBloSTRER : doBbtwenskrizmded 70- nmer. EcoRI cl eavage of
t he doubl e- st randed 70§e§1§§ Frgﬁ’?‘b’cfhé‘é ¥ cl eavage product which is a

5' - BODI PY-| abel ed di nu¢d)ead : o8I s dinucleotide is detectable as-a
secondary fd‘r'pl ificati oﬁ’p#éﬂu@t’*ﬁy virtue of the linked dye. 17 WO

97/ 04132 (v) COMPUTER READABLE F PCT/ US96/ 11977
The cl eaved secondary &apbesionatyean m@ﬂuaisl(t he BODI PY-| abel ed

di nucl eotide) is detectf®dC cqma@@as reaction with
phenol ol of o m and {EpSESIARE SHESHaate S, Ak Pbasas. c.0.. by

centrifugation. Fluorescence int e organi ¢ phase 1s then detected, e.g.,
by fl uorescence spedt Q,APP ﬁ@ﬁ@&% in fluorescence transferred to
the organic 5 phase d% Bin (as conpared to an unanplified
control) wd | indi cateubhat.aﬂda& Gdulo target sequence is present and has
been amplified. |f no |ncrease in quorescence is detected in the organic
phase, the targe(t 14dq 'g? o %ﬁgb’m is present but has not been
anplified. EXAMPLE 4 1(p)Thecis niMUMgRi: sequence is anplified by PCR with
generati omMdf a secondéf)y REFERENCE/DOCKET NUMBER: P-30339

(2) INFORMATION FOR SEQ ID NO:l:

40 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
45 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)

50 " {xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GGAATTCATC CGTATGGTGG ATAACGTCTT TCA 33

55 (2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 41 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
60 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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anplification product as described by P. M Holland, et al., supra. The
anplification prinmer pair consists of the target binding regions of SEQ ID
NO 3 and SEQID NO 4, or the amplification primer pair may consist of the
target binding regions of the S[err] and S[err] prinmers of 15 val ker, et
al. (1992. Nucl. Acids Res., supra). The signal primer includedd cfr,g}ﬁ”.,
anplification r WQ¥WME2 s | abeled at the 5 -end with a |ipophilic dye and
has a sequence based on the target binding region of SEQID NO 2 (which is

identical to the taygetebidiett HestOProsh 05N NO 7). The sequence of the
signal primer may include the entire target binding region, but is

preferably a.se§ T THRCREGCGTATEETRFAA PAFERFTOTC ®hi ch is GC-rich at thé?

5 -end. As the 52eRfrctmnridd réd18ed 3bo@:2bi nding region of SEQ ID NO 2 and
SEQ ID NO 7 begins with the seEuence ATCCG, it nmay be preferable to

elim.nate the 5 -AT(%&E% i FACHiri mer sequence with 5'-CCG

Desi gni ng aj@ignal pri m%g, . guggigliz,ﬁdregi on at the 5 -end pronotes the
production of smaller patyrsera®epNEssavedgelepr oducts (nmono- and

di nucl eoti des), thereby ®hFGPYLGYt R4Pea™he cl eavage product will be
sufficiently |ipophily eoffiorkmps! Shat QehdtBePrgani c 25 phase.
Alternatively, the 5 end of the signal priner may conprise a very short
nucl eotide "tail" which does not hybridize to the target sequence

(preferably no nor qxihaBowdesnebeSrote6-€8id €680 8. | ength) to that the
pol ymer ase g&count ers the preferred "fork" structure wi thout the need to

di spl ace hy#Yi dFFETCHIT ERAGAFEECT| FROCRETAST FMRTASFFTrer | The 1S6110 target 49

sequence is anpliyf irfFodTIRrdd sk@ &pPEsiaence of the anplification 30
prinmers and the signal primer, essentially as described by R K Saiki, et

al . (1985. gi ence 280 SEQUWAYE | REBTRCSB. Mullis, et al. (1987. Methods
Enzynmol . 1557 335-350) (B} IEgE) 'uzgﬁ:?):oﬁg’r’i’] 3' exonucl ease activity of Tagq
DNA pol ynerase to gener ate srfipebNesip dsﬁgrati on specific signal priner
cl eavage products as dederiT9BRLASY: Hdheand. et al ., supra. After stopping
the anplifiggtion reactiPibor@ @kl HuhC(ganbiient s added to the aqueous
reacti on phase and m xed. 35 The phases are separated (e.g., by
centrifugation) and the organic phase is assayed for presence of the dye
usi ng methods apprqRij akEudnet SSbREHHON efo bhSosg! ected dye. If an increase
inthe 18 35WD 97/04132 .
PCT/ US96/ 11977 AfRATATCGH ATHRCATETCINCIGSTARSFCtIFACTRSABE gani ¢ phase as conpar ed®
to an unamplifi gg, QQ%MJE.IWQ%; isgg foSpdlgtected, the target sequence is

1T ed.

present and has been anp no 1 ncrease i s detected,
40 (i) SEQUENCE CHARACTERISTICS:
(A) LERGTH: 13 base pairs
(B) TYPE: nucleic aciad
(C}) STRANDEDNESS: single

(D) TOPOLOGY: linear
45

(ii) MOLECULE TYPE: DNA (genomic)

50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CGCTGAACCG GAT 13

55 (2) INFORMATION FOR SEQ ID NO:6:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 13 base pairs
{B}) TYPE: nucleic acid
{C} STRANDEDNESS: single
~ 60 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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the target sequence is not present or is present but has not been
anplified. 19 WD 97/ 04132

PCT/ US96/ 1977 SEQUENCE LI STI NG (1) GENERAL | NFORMATION: 5 (i) APPLI CANT:

Wal ker., George T. (ii) TITLE OF | NVENTI ON: DETECTI ON OF NUCLEIC ACI D

AVPLI FI CATI ON 10 (iii) NUMBER OF SEQUENCES: 7 (iv) CORRE

ADDRESS: (A) ALY R chard J. Rodrick, Becton Dickinson and Corrpany 15
(B) STREET: 1 Becton Drive (C) CdTY: Frankl in Lakes (D) STATE: NJ (E)
COUNTRY: US (F) Zlti) BEckERCR Ge6CRTrERMPURERIRFADAELE FORM (A) MEDI UM TYPE:

Fl oppy di sk (B%%&%&E&C | BM PC conpati ble (C) OPERATI NG SYSTEM

PC- DOS/ M5- (D) SOFTWARE: Patentln Rel ease #1.0, Versi Bh
#1.25 (vi) CURRENTRARERTIONTFGBNSENTA NO:A) APPLI CATI ON NUMBER: (B) FILING
DATE: 30 _ 1) g%’" @W{s%s (viii) ATTORNEY/ AGENT | NFORVATI ON:
(A) 'NAME: Fugit, Doting LENGTH: 33 base pairs

10 (B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15 (ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
20 GGAATTCATC CGTATGGTGG ATARCGTCTT TCA . - a3
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(B) REG STRATI ON NUMBER 32,135 35 (©) REFERENCE/ DOCKET NUVBER:
P-3039 (2) | NFORMATION FOR SEQ I D NG 1: 40 (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH 33 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear 45 (ii) MOLECULE TYPE: DNA
(genomic) 50 %&féﬁ‘% SEQUENCE DESCRI PTI ON: SEQ | D NO 1: GGAMETRR96a1977
CGTATGGTGG ATAA 33 (2)

| NFORMATI ON FOR SEQ | D NQ. 2: g ) SEQUENCE CHARACTERI STICS: (A) LENGTH: 41
base pairs (B) W’#& fcAMED 8 d (C) STRANDEDNESS: single 60

(D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) 20 WO 97/ 04132

PO 0071197 (11 RN il B b SIS

| NFORMATI ON FOR SEQ2) D Nbyisidizing todhriaraqtsequsisRATE RIUSPREsolution, LENGTH 40

base-pairs 30

(i) & Bydropiihc signat piher odfripfisitgnuclebBded MRS lisiphilit fabel,
and
(ii) an ampliﬁcatién primer;
b) extending the hybridized amplification primer on the target sequence with a
polymerase, whereby extension of the amplification primer displaces the signal primer,

10 or a portion thereof, from the target sequence;
c) cleaving or nicking the displaced signal primer, or the displaced portion thereof,
thereby reducing the number of nucleotides linked to the lipophilic label and generating
a lipophilic secondary amplification product;
d) transferring the lipophilic secondary amplification product to an organic phase,
15 and;
~e) detecting the label of the lipophilic secondary amplification product transferred
to the organic phase as an indicator of amplification of the target sequence.
2. The method of Claim 1 wherein the displaced signal primer is rendered double-stranded
20 by hybridization and extension of a second amplification primer, and the lipophilic secondary
amplification product is generated by cleaving the double-stranded signal primer with a
restriction endonuclease.
3. The method of Claim 1 wherein the displaced signal primer is rendered double-stranded
25 by hybridization and extension of a second amplification primer, and the lipophilic secondary
amplification product is generated by nicking the double-stranded signal primer with a
restriction endonuclease.
4. The method of Claim 1 wherein the lipophilic secondary amplification product is
30  generated by cleaving the displaced signal primer, or the displaced portion thereof, with an
exonuclease. :
5. The method of Claim 4 wherein the exonuclease is the polymerase.
35 6. The method of Claim 5 wherein the target sequence is amplified by Polymerase Chain
Reaction.
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(D) TOPOLOGY:

|'i near 15 (i1) MOLECULE TYPE: DNA (genomc) (xi)

SEQUENCE DESCRI PTI ON: SEQ I D NO 3: 20 CGATTCCGCT CCAGACTTCT CGGGTGTACT

GAGATCCCCT , 40 (2) | NFORMATI ON FOR SEQ I D NO 4:
(1) SEQUENCE CHARACTERI STICS: 25 (A) LENGTH: 40 base pairs (B)
TYPE: nucl eic acj STRANDEDNESS: single (D) TOPOLOGY: |i nqgfrnk96/11977
(ii) MOLECULE . (genomic) 35 (xi) SEQUENCE DESCRI PTI ON: SEQ

| D NO 4: ACCGCATCGA ATGCATGICT CGGGTAAGGC GTACTCGACC

40 (2) | NFORVATION FOR SEQ I D NO:5: 40 (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 137.baseThganetbod &)ClaiviPEwhereio ithe lipoplslicilapeljs a3ploxiBEDNGESS: si ngl e

(D) TOPOLOGY:

linear 45 (ii) MOLECULE TYPE: DNA (genom c) 50 (xi)

SEQLENCE DCSCH T e S50 K IR el syred it

LENGTH: 13 Jasproguit isdetejed byRfectmophdtemetraci d (C) STRANDEDNESS: singl e 60

(D) TOPOLOGY:

10

15

20

25

30

35

linear (ii) MOLECULE TYPE. DNA (genomc) 21
9. The method of Claim 1 wherein the lipophilic label is a fluorescent dye.

10.  The method of Claim 9 wherein the fluorescent dye is a BODIPY dye. -

11.  The method of Claim 10 wherein the Iabel of the lipophilic secondary amplification
product is detected by fluorescence spectroscopy.

12.  The method of Claim 1 wherein the lipophilic secondary amplification product is
transferred to the organic phase by extraction with phenol/chloroform.

13.  The method of Claim | wherein the aqueous phase further comprises a compound
which increases the ionic strength of the aqueous phase.

14, The method of Claim 13 wherein the lipophilic secondary amplification product’is
transferred to the organic phase by mixing the aqueous solution with the organic phase and
separating the organic phase from the aqueous phase.

15.  The method of Claim 13 wherein the compound which increases the ionic strength of
the aqueous phase is selected from the group consisting of mineral acids, organic acids and
salts.

16.  The method of Claim 15 wherein the compound which increases the ionic strength of
the aqueous phase is selected from the group consisting of acetic acid, phosphoric acid,
hydrochloric acid and sodium chioride.

17.  The method of Claim 1 wherein the lipophilic secondary amplification product is
transferred to the organic phase by mixing the aqueous solution with the organic phase and
separating the organic phase from the aqueous phase.
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WD 97/ 04132 PCT/ US96/ 11977
(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 6: 5 TGGACCCGCC AAC
13 (2) I NFORVATION FOR SEQ I D NO 7: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH:. 33 base pairs 10 (B) TYPE: nucleic acid (0O
STRANDEDNESS: si ngl ) TOPOLOGY: |inear 15 (i) NO_ECULECFME@HQMA
(genomic) (xi) WX DESCRI PTION: SEQ ID NO 7: 20  GGAATTCA

CGTATGGTGG ATAACGTCTI TCA

97/ 04132 18. The method of Claim 1 wherein the target sequence pcqmpjggd / hngSp;and
WHAT | S CLAI VEDidplicerhent AmplifieRiidnod for detecting anplification of a target
sequence conprising a) hybridizing to the target sequence, in an

aqueous sol ution #% drophilic S|gnalfpr|ne

conpri si ng nuc|180t| dhbe method o Glaimgl fj'élpﬁ ¢ tagget senmence anhemplified by Polymerase Chain
anpl kficati on [Rehdtih; b) extendi ng the hybridized anplification prinmner
on the target sequence with a polynerase, - whereby extension of the
anplification priner di spl aces the S|gnal rimer, 10 ortion
thereof, from 2Ae t AhgaethadqefRlaim Icwherein the sareetgseguenss wmg}lﬁeﬁé’m alisBustained
signal priner, saqu&bendplﬁm@qeskporti on thereof, thereby reducing the
nunber of nucl eotides linked to the |ipophilic Iabel and generating a

| i pophilic secondary anplification product; d) transferring the

| i pophilic secondary anplification product to an organi c phase,
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15 and; e) detecting the | abel of the lipophilic secondary
anplification product transferred to the organi c phase as an indicator of
anplification of the target sequence. 2. The met hod of Claim 1 wherein
t he di splaced signal priner is rendered doubl e-stranded 20 by

hybri di zati on awgg%hgpsi on of a second anplification priner, pefusdsaierr

| i pophilic secondary anplification produtfé2is generated by cleaving the
doubl e-stranded signal prinmer with a restriction endonucl ease.. 3. The
met hod of Claim1 wherein the displaced signal primer is rendered
doubl e- stranded 25 by hybridi zati on and extension of a second
anplification pri thegl i pophilic secondary anplification product is
gener at ed by nickimrg]E-JI deugLe-stranded signal prinmer with a restriction
endonucl ease. 4. e th of Claiml wherein the |ipophilic secondary
anplification product is 30 generated by cl eaving the displaced signal
primer, or the displaced portion thereof, with an exonucl ease. 5. The
met hod of Claim4 wherein the exonuel ease is the pol ynerase. 35 6. The
met hod of laim5 wherein the target sequence is anplified by Pol ymerase
Chai n Reaction. 23 WO 97/0
PCT/ US96/ 11977 7. The @gtsqd Caiml @pereinf he |ipophilic |abel is
a calorinetric dye. 8 f dai i e | abel of the

| i pophilic secondary anplgsfi camuct i.s detm,
spectrophotonetry. 9. The nmethod'df d aM; 1 wherein tﬁizl popki | i c | abel
is a fluorescent dye. : ;ﬂmiJﬁﬂJuuLJﬁ_S*QLHL&JMkﬂJﬂIthe fl uoxescent
dye is a BODI PY dye./10 11. "™SEme=rerioU—ol erar o wereen t he | aRel of
the |ipophilic secopdary lification prod*ct i s detected bywfl uoregcence
spectroscopy. 12. The t hqd I grein the lLipgphilyc secondary
anplification prodfict is {15™SramsTerreo o, ErE=oroganc hase by extrhction
wi t h phenol / chl orotiorm
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13. The nethod of Claiml wherein the aqueous phase further conprises a
conpound whi ch increases the ionic strength of the aqueous phase. 20 14.
The met hod of C aim 13 wherein the |ipophilic secondary anplification
product is transferred to the organic phase by m xing the aqueous sol ution
with the organi&mﬂggﬁs and separating the organi c phase fromt peragoenss
phase. 15. The et 0%1 of Claim 13 whereigyzt he conpound which increases
the ionic strength of. 25 the aqueous phase is selected fromthe group
consisting of mneral acids, organic acids and salts. 16. The met hod of
Claim 15 wherein the conpound which increases the ionic strength of the
aqueous phase is s fr the group consisting of acetic acid,
phosphoric acid, 3§Iﬁj@§§hee ric acid and sodium chloride. 17. The

met hod of Claiml efeln th i pophilic secondary anplification product is
transferred to the organi c phase by m xing the aqueous solution with the
organi ¢ phase and separating the organi c phase fromthe agueous phase. 35
24 WD 97/ 04132 . .
PCT/ ©S96/ 11977 18. The method of Claim 1 wherein the target sequence is
anplified by Strand D spl acenment Anplification. 19. The nmethod of Caim1l

wherein the tar ce is anplified by Polynerase Chain 5 .
20. The netho%?8¥ﬁ€ﬂgﬁﬁll wherein the target sequence is anpﬁﬁﬁﬁggfgy
Sel f - Sust ai ned pequence Replication (3SR). 25
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