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anplification and detection. More particularly, the
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The PCR method remains the most widely used DNA amplification and quantitation
method. However, PCR in general suffer from several limitations that are well-known in
the art, such as requirement of expensive thermal cyclers, easy contamination, difficulty
of quantification, amplification with different efficiencies for different DNAs, and limited

multiplexing.

Current technologies for quantitative profiling of mRNA/cDNA levels in biological
samples involve the use of either cDNA arrays (Schena et al., Proc. Natl Acad. Sci. USA,
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by Schena et al, the detection of a single nolecular
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o051 R B Forieh A Sfconiloantf S A her of o Nature

t hﬁot@blﬂﬁ)ﬂog@f 14820678-1680 | BOB))ER. théXt 438 bthe UON@OAta8€by Schena et al,
| ynor phi sis (SNPs) are the foundation of powerful

c d%@%@&twﬁ af e sméﬂﬁ @O&w}am@é Horerle elsmaenel therpsray redujres the
rés@ﬁ&%f RURRE T 0@HooDIRd taﬁlgé’ﬁ%}’ dcutel qﬁ the eé!%“@ﬁ?éﬁfim chip arrays
nég not hods o

for inexpensive SNP g ypi ng
c omr:bbbsmcahm etsil,itid datéctign lmmtfush)rbeudsaﬁd thi\ is ofthelvirddr tof 2000
n.9 cue|raI current nethods require pre- anplification
of g% ﬁlc DNA, foll owed by SNP genotyping with an
allele discrimnation nethod, such as DNA cl eavage,

lci@g él on, single base extension or hybridizatiaon.
B ﬁ?ucflﬁé’flﬁ%H%‘Y‘BP@hlSmﬁ(WBS)@Fq th@fousg}at@mé pewerful complex trait

| DAG pHIAGYogeh @R ‘éﬁiﬁ? ' ”ﬂﬁ a9£1y81§ @f".@}é_g niBer o ggg’gct;%\%fv%), has

scal ability. (Fat al nom cs
Actwhaiiizeglayneed f@@rrmp@isrye ﬁé@cgeﬁ@typmg: aledhiods aibuoai1mensurate

A L It T -

d amplifisaidn ioff g@iohii ©DNAQ fglfowed @ Smtlmpfin@ﬁvnﬂ%h efitleng
nucl ei¢ acid in.low concentration. IS -anot her

0 issEpingfion fiethaf.surly atdNArRleanegeolie %t'anSr“%ﬂh brse gxigpsionoRr
Ohybkedigfidh "Cieent A8thod ML Bnif ef?ﬂ%? Bﬂl mhﬁéng@frﬁ%ur&#béo%'s&?ption of

acid se%ﬁgnces present in a sanp he nu
|sgnblr> 08 lack @f S@lqbrl@paﬁamqmnraal BMCt(Bmommda@maﬂ 4,

&Idmﬁﬁg HRRGE a 'n? E\WA & ac‘”il@ get‘te%g rmeetl"txol'(}(se tel},?g%rg %08‘1 sensitive and

S|gnals asure eren arget sequ

sqbattdativeal | y natches the ratio of t he anmount of the
different target sequences present in the sanple. It

i s anot her object of the disclosed invention to

pIay tideefdre AR bhet dPthedRichizbd NPt to BFSRR @%‘etﬁ’gd Sf@e%%ng
nucl ei c aci d sequences representing individual

ofucleie 3¢ig dp lovoneantigtien. enent . WO 2004/ 059005
PCT/ GB2003/ 004794 3 |

It is another object of the disclosed invention to provide a method of determining the
amount of specific target nucleic acid sequences present in a sample where the number of
signals measured is proportional to the amount of a target sequence in a sample and
where the ratio of signals measured for different target sequences substantially matches

the ratio of the amount of the different target'sequences present in the sample.

It is another object of the disclosed invention to provide a method of detecting the -

presence of target nucleic acid sequences representing individual alleles of a target

genetic element.
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probe may not comprise all portions and may comprise additional portions

The enzyme acting portions may comprise a RNA poiymerase promoter. The enzyme
acting portions may comprise RNase H acting sequences. The enzyme acting portions
may comprise a nuclease digestion site, which supports digesting opposite strand of the
probe when double stranded. The nuclease digestion site may comprise modified
nucleotides, whereby the digestion site on the probe is resistant to nuclease cleavagé and
the opposite unmodified strand is sensitive to cleavage. The modified nucleotides may

comprise phosphorothioate linkages,



sequences and the nucl ease digestion sites or the

conbi nation of the nuclease digestion sites and the
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than one of the nuclease digestion sites. The

nucl ease digestion sites may cbnprise restriction site

having a restriction enzyne recognition sequence and

a_cleavage site. The restrictjon site may conprise a
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dbjededet pomersm s tamnyirisa kdgyeridjcampRinentary to the enzyme acting
portion(s) or part of the enzyme acting portion(s) of the probe with or without flanking
sequences, whereby hybridization between the helper primer and the probe makes the
enzyme acting portioh(s) double stranded or partially double stranded. The helper primer
may comprise 3’ end sequence which is extendable and is complementary to a sequence
3 to one of the enzyme acting portions of the probe. The 3’ end sequence of the helper
primer may have a length of 2 to 15 nucleotides, or preferably 3 to 10 nucleotides, or

even preferably 4 to 8 nucleotides.



to the target region conplenentary to the probe. The
hel per prinmer may conprise 3' and 5' target
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RNA and/or the single stranded end products (SSEP) are RNA, and RNase H is used in a
reaction, it is preferred that the target complementary portion and/or enzyme acting
portion and/or template portion comprise chimeric RNA and DNA. After annealing of
target or SSEP RNA with ART probe the double stranded RNA/RNA part is resistant to
RNase H cleavage so that the target or SSEP RNA are not completely digested away,
while the RNA on the RNA/DNA part is digested and the 3’end of the digested RNA is
used as extension initiating site. It is also preferred that the RNA part on ART probes is
modified so that it is not digested by any nuclease. The modified nucleotides may

comprise phosphorothioate linkages.
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t he probes and hel per primers hybridize the target
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containing double stranded enzyme acting portion(s) so as to produce the single stranded
end product (SSEP); (d) annealing the SSEP to free probes and causing all enzyme acting
portions of the probes double stranded and fully functional; (e) repeating steps of (c) and
(d), whereby the probes are converted to double stranded or partially double stranded
form, and multiple copies of the SSEP are produced repeatedly; and (f) detecting directly
or indirectly the end products so produced: double stranded end product, SSEP and
pyrophosphate (PPi). All steps of the method may be performed in a single reaction or in

separated reactions.
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and functional; wherein the step (b) conprises:
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In some embodiments, when one of the enzyme acting portions is type IIS restriction
enzyme site with the cleavage site on target complementary portion of the probe and the
recognition site on either side of the target complementary portion of the probe, and step
(a) causes the target complementary portions of the probe double stranded, whereby‘a
fun.ctional cleavage site of the type IIS restriction site is formed, the step (b) comprises:

annealing helper primers to the probes and causing the recognition sequence of the type
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restriction site estri
end(enafitheytatdetsegueren(d) by a DN‘A philgeabedismiptingtobys aa tenbpifies,

I d t t d ti t
SR RS enafBF abRrRrae MR obRE B st bestindsg and
puredosd. | n further enbodi nents, extending the 3' end

of the digested strand may further conprise strand
di spl aci ng by the DNA pol ynmerase or other strand

% S SGITRherk @ Gheh the eh?yn?@mngpaﬂghmﬁé}?row@gﬁﬁrﬂg a

enzyme acting portions oOf the be co

proiriptien site therstapeleeomprises: éngespsmg oppccsumansle of the ppbas edthe
tl.0 on R
T, T O TN
DNA polymerase and repeating the digesting and the extending, whereby multiple
copies of SSEP DNA are produced. In further embodiments, extending the 3’ end of the
digested strand may further comprise strand displacing by the DNA polymerase or other

strand displacement factors.

In some embodiments, when the enzyme acting portions of the probe comprise RNA
polymerase promoter, the step (c) comprises: repeated transcription by the RNA
polymerase acting on the RNA polymerase promoter, whereby multiple copies of SSEP
RNA are produced. ‘
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I n sone enbodi nents, when the enzyne acting portions
woh0a4v89qp5 obe conprise both restriction site ROWGRN03/004794
pol ynmerase pronoter, the step (c) conprises: digesting
opposite strands of the probg&s on the restriction
site by a restriction enzyne,, extending the 3' end
of digested strands by a DNA pol ynerase eating the
di gaee ¢émbpdaments, rvéweiheénaym@actmg\n@m@bgfofﬁm Prog? %O%Efbﬁe@@

r I
S5 A 58 RS O RO GBS g o
Rirawd3to the pabtes ehyhenreditidtipheite bpa estristion SgFMeRMierding the 3° end

0 CE e b 81 DU R TR L A B, S

%&Fﬂb?%d’lﬁpl@b‘oﬂléb%f@SBP DN BRIRERICEd, afd ha@éatsd fr@i3ekiption by the
actors. In some enbodi nents,

I spl acenent ENR
%Egpahymemamg ot thedNH PofRyerase p@@mt@swgerre%pﬁtlp pies of
%%P@%})'XF‘J op‘?S&Uc@(? In hﬂﬁlelsélﬁ‘@od ﬂ%nt% Q?i@ﬁdlﬁ%ﬁle 32 BREs th@glgested

seguence portions o robes and
et«ht&fﬂdamﬁlrmhtezoﬁiprlemismdﬂlsphemgsﬁﬂlelmﬂhgomrasga epother strand

es as Eenplates whereby all enzyme acting
§3P§°8H§15?3?ﬁe probes becone doubl e stranded and
functional. In sone enbodi nents, when the SSEP are RNA

I R L A I ST O
%ﬁ&g_ag%f F%@gleﬁales ﬁﬁds,t HESed Qﬁne§ mgetﬂg SOEP to sequence

partia ested S usi ng the free probes as

tpertina e pmb@raa@yxtamdmethzﬁneﬂa@f the P SEBrusing ke fieecsples as
oubl e stranded and fu 0 t

Mﬁla?ﬁ eWheF%)B @g efizyin e&cﬁfé%*)%rﬁg\lns f tlﬂe 8[%3 b@g%?ég%dgﬁgnszrgnded and
dindtiogal. SSEP RNA or DNA conprise one or nore than one

sequence unit that is conplenentary to the probes,

step (d) conprises: annealing the SSEP to the whole or

Qﬁ‘%@lﬁe ehibddiRedts, Sfhen RECIRED ar¥REIAERAY b6, ﬂ{éZsYdEE(d)a@dmmEes

portions becon® doubl e stranded and functiona

n@aleﬁﬂmﬁsﬁé’ﬁ@ sequaRrsIPOttinas pElien prpkespdLesting &1%5&@&%@1&86 H,
rtia HEd § HQMQ%% hbd & i€mplat

%HH egtgﬁl(gﬁgSI ngl e %@an 231°Funct$%&;1 { nsee en Zyﬂ%aes
t\ﬂ?f&:rebstaﬁmn@flﬁe afinglpérdions begome dglbde standadcimd fertiopaloduct
conprises:, including a RNA or DNA-
In some embodiments, when the probes are circular molecules, the sequences of the
SSEP RNA or DNA comprise one or more than one sequence unit that is complementary
to the probes, step (d) comprnses annealmg the SSEP to the whole or parts of the free

probes, whereby the enzyme acting portions become double stranded and functional.

In some embodiments, when the template portions comprise antisense DNA enzyme, the
method produces multiple copies of single stranded functional sense DNA enzyme, the
step (f) of detecting single stranded end product comprises: including a RNA or DNA-
RNA chimeric reporter substrate in the reaetion, wherein the RNA or DNA-RNA

chimeric reporter substrate comprises fluorescence resonance energy transfer



RNA chineric reporter substrate in the reaction

wherein the RNA or DNA-RNA chineric reporter substrate
woan@riss®s fl uorescence resonance energy transPer/Gin03/004794

2004/ 059005 PCT/ GB2003/ 004794 10 fl uor ophores

i ncorporated on either side df a DNAzyne cl eavage

site, cleaving the reporter substrate by sense DNA

enzynme, whereby cl eayvage, of eporter substra

Buoonkerss BRoPRGRAAE st Srdlel%ﬁ clqaypeg Sites ﬁ’ré“’mg the
&{}%F{&t B EPsRECYNARNZy i, twhfeﬁ’:by dREBGE bihe RepoRtEi0@bstrate

n eic acid 'sequence or" multiple target nucleic acid
paguesscadnaséase it Byoseseence Bigndi t conpri ses: the a set or
sets of probes, the helper primers, the detection
substrate, the restriction enzynes, the RNA

MGk Hvehidsealsd ﬂirewdRNBﬂ; éor Hdetet ey D Wrepolcleicacid Equd:mé blemsltiple
dNTPs, NTPs, other agents. a |nstru t|on

ESERoRH PR RV RESS SRV méhtﬁgcwrgsea Fr e of probes, the

‘ﬁél%%rﬁﬁer@fthé’ &tdBUR subIRhtk fth@@%ﬂrx@ﬁoﬂ%ﬁﬁﬂés Tl%'l{Nﬂtp@lymerase the

robes Tar get sequences are shown as

m@m thd;DNApplymsrase rbuff@ﬁ,sdI%TPSpNE Be othefirgpenteand instructions.
regions and hel per priner are represented by various
draw ngs as indicated in the first several diagrans
of probes, which should be regarded as having simlar

' j rest lagrams. FIG 2 is
a5k MO o B B BRAW R RELET T one. CELA i ng
linear probes is shown in FIG 2A and CELA using
circular probes is shown in FIG_ 2B. A target nuc|eic
&G4 15 diagiiis of eardestod varigug é\tmlﬂﬁ'%‘l“éh%‘?ﬂeétr'&gﬁ“}?@?ﬁ% %‘?aT)d?robeS
ﬁepgeggﬁ‘@es A8 Ends é%%dl%«ﬁ(ﬁ@%ﬂ(ﬁﬁ bR néﬁﬁproﬂésortﬂ@&f b$regions

y a nucl ease i ge te strand Is
end belpadgrimer ar eDbeemtegi g varsas draviingseds ardicatdulan the first several

ga\lg% ?rtés r En %bﬁ nz %%%PPI ¥ \}&g ﬁ‘gg ({?8 gavélilﬁf sn?lé%l m%’a%? QE the rest probe

@y | zation, nmultiple copies of SSEP are generat ed,
whi ch then anneal to free ART probes, prine new
pol yrreri zation, and generate new SSEP. The resulting

¢0d. PisQAteednSs of@%‘rﬁﬂ;l@s StaEngd ed il YORICA @ghb ﬂﬁ@ar pRibBPis&hown
stranded SSEP and PPI, are then subjected

dreFl&s Cidcmd GHIE esingciriuisg prabes isShaymindiles2Ry A\r@rgr:tcrwslelc acid is
dlEéd%gttdrg& cgi%gl%ﬁ'itentl S{F&h?otneof (&ﬁ ilgropésq l?ﬁ%ta Sge??tl:agﬁ bn the ART
sequences and varil ortions of probes are hown
asoben i digesed by a nuclease. The drgested strand is extended by a DNA polymerase,
therefore the downstream enzyme acting portions, if any, become double stranded.
‘Following subsequent repeated polymerization, multiple copies of SSEP are generated,
which then anneal to free ART probes, prime new polymerization, and generate new
SSEP. The resulting end products, double stranded polynucleotides, single stranded SSEP

and PPI, are then subjected to detection.

FIG.3 is diagrams of examples of various Amplification Repeet Template (ART) probes.

Target RNA sequences and various portions of probes are shown as indicated.
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di agrans of exanples of CELA reaction. CELA using
woiosasIgpsobes is shown in FIG 4A and CELA uBCTEB2003/004794

circular probes is shown in FIG 4B. A target RNA

sequence is hybridized to tHé target conplenmentary

portion of ART probes. The RNA strand on the double

stranded RNA/ DNA hybrid is rtla est ed by RNase .
ﬁIGﬂwlédrslﬁfamsmﬂeyammsgéf&Féd\ H% tné Bey by eé“lﬁ%ﬂw“ In

RES YA 5ddS@EIfA hShe Etg&ﬁar |ﬁ(§be§j %Véiﬂ&ifﬂ REANCE ABY ARar E&Qt[‘lm Sequence is

portl ons any, beco doubl e stranded. Follow n
Suilribizedeo thertengetatoay lenzotaynpartionel ART prabes.iThe Mﬁraélé on the

e ARG G8a st AFRSRARE AN Or TRy
g

Red g_tlhﬁd ﬁ@%&ﬂéﬁdle@ gy & DN Appeigmetss, th;téafmbltl&a (lizi)iglrmmﬂai?fdenzyme
pol ynucl eotj des, sing|e stra
RN RONECH 8y D beromsdhosle e eligning S&?sggv%epsﬁed
?5%) mRligsionl mﬁﬁfgle%?mee‘gﬁ_ SSHORE Seneldt®l, ARIchRh&PRGeal to free ART

rise rase pronoter sequences. FIG 6 is
@'@@%m’emewep@éﬁm‘ iatiast ACEREACTREAEN STEP. Ehe wswiéng gnd products,

PR PuPUEPER ARSI e ol SPash e Riipicced o

labbecmmequence is hybridized to the target

conpl ementary portions of ART probes; the ART probes

conpri se RNA pol ynerase pronoter sequence. The target
angdppratlef Q%gﬂ@ of $hriiR G FOH¢Die AR TIPRYeDMmprise RNA

%dgrlqul gr di gested by an enzynmatic digesti ?r}]wA Dl\pIA

polyyeasa peomoterspdisnedie 3' end of digested strand. Once

the pronoter sequences becone double stranded, the

RNA pol ymerase acts on the pronoter and generates

FlG1 6 ;sldeagwm cﬁ“gxamplemfdc}ﬁwammmp@m ysing |BSERrePeA is shown in

ISR ek a0 RN THOGS et Sl Rl BB B RoA or DA

@(?iléh&d i8 yteridizadree Heqirget camylehRntast goanisisdf ART probes the ART
ol ynucl eot i _des, SI ngl e stranded SSEP and PPI g?
torrbgs g%prés@tw pelymerase progigter S?ﬂ“@ce?T'il%tatﬁe%\ﬁ?aaﬁirﬁ" double

%{H% ADrRE: BRAPSRA h §B§d AR, goRfed lB?%n CRARTLiS BighdiRB. A DNA
restriction sites as one of the enzyme acting
n»olymems extends, th@3' end dif digesersstrand. eerﬁpth@ progfoteTEequences become
tion CE
9565 0Hed s R Potitodéhs KRy it A ach il mpiptecopies
f BbEstrascspavire. SSEFFRISA Bfuences, which then anneal to free ART probes,

prime new extension, and generate new SSEP. The resulting end products: double

stranded polynucleotides, single stranded SSEP and PP, are then subjected to detection.

FIG. 7 is diagrams of examples of ART probes. The ART probes comprise type IIS

restriction sites as one of the enzyme acting portions.

FIG. 8 is diagrams of examples of CELA reactions for genotyping SNPs. CELA using
linear probes is shown in FIG. 8A and CELA using circular probes is shown in FIG. 8B.
A target RNA or DNA sequence is allele-specifically hybridized to target complementary



A target RNA or DNA sequence is allele-specifically

hybri di zed to target conpl enentary WO 2004/ 059005
WOCH4EBANS3/ 004794 12 portions of ART probes, PemidB2003/004794

hel per-primer anneal to both ART probes and a target

region, which is adjacent to {she hybridization region

of the ART probe. In FIG 8A the 3 end of .

hel per-primer is extended by a DNA-pol yneri se using

ARTtiqms oﬁéRé“qorbm;)kIhiieehelliehaprxmbmrmeamm bbth ART pmdwhnd a target

aPaGH o878 iy Bt boda R lubieglB e BRcukil PORECRGIa 84, the 3
tey&ﬂ of hdlferr R iCdxtdbed BEODNA Ibd)y}nérhée%mgﬂéﬁu? pRAk @éitenﬁsyate

br|d| i on between hel per_priners a probes.
e i oblegitaned omsHondl & podis 6K Belsw aeRgBon sl Siereied. I

CFTGP#]? rfﬁ@@kﬁﬁ)}/e ﬁgﬁaéd%ﬁctﬁﬁal%-g (I&gt%ptﬁétldﬁ{ 1%(:(%9%&)‘?}5;;193 Y created

typ restriction enzy rexa
\hbnhlybrldxmmp betvesess helpergsinmreande’'sR B pabes. t Theahrgensagads cittRe

d | eotiides The 3' e f digested strands
P SR R - R it SEAR inr S rectissg bl Aes s
rresuecatoﬁdn@lngﬂfdrleﬁﬂnpm@oﬁm eAfé ART probel didh® dﬁ@fb‘si@ﬁn% cleavage

ner at.ed, then anneal to free Al

SEP a5 lﬁ?ﬁ‘e wlw@aﬁse&ltee% §n6 Hf digestegelridsiare eiendge h:ea BDINA
'fo@l/yrréﬁﬁg Thi¢ h%@@s‘éhﬁénﬁ& eneh (ﬂ%&g&? hike ex@&lﬁf&bgpﬁltt g%ﬂ:@ﬁgs of

pol'ynucl eot | single stran SSEP
SRE agqﬂqner@teédwlnleh thet gencabie. freBIART Srobésppime namektessxmf

OB SRR AR o, T vy SR Cho Bk BRI G

polydunitcﬁldé§§lﬁ§be strdied (SSAPlaad BPR aretth@nubfecttfio dtaviien.
conprises a conplenentary (antisense) sequence of a
DNAzyme; for exanple 10-23 DNAzyme. During CELA

FEE.0J ¢hats exxpplesirRleREQIGaH0dshat contain active
(sense) copies of DNAzynmes. The DNA enzyne bi nds an

RNA or DNA-RNA chineric reporter substrate whi ch

PR 101, bl G135 a6yl 35 RANGRe RRAIEN (bI30% & gl yipaced
cllldélamdgés (§|SEB) Tk eavdge pofiion bf ARﬂ“qp@ifdo@ﬁpt&bl@Sat do#pfementary
at is

fl
Pl dRore G088 airn fnasRmpR BTSN e Duriae GELA
teattidnaSSBP §ﬂelw¢cﬁlcec5ﬂlﬁtaddﬂﬁ:ﬂl 2R (sefdefoplel of HNA ARIHIDNA

shOMAng}an ART pro e sequence, its target sequéence

mebinds gn R§Eher DNAGRNA«Chypgrisaeraries substrate abichsantgind
RLSEsehR redoithd &Y BaRfd fﬁ&%ﬁﬁ&n@?ﬂc&go@%ﬁmleﬁh& side of a

DNAzyme cleavage site. Cleavage of this reporter substrate produces an increase in
fluorescence that is indicative of successful amplification of the target initiated single
stranded SSEP.

FIG. 11 is a diagram showing an ART probe sequence, its target sequence beta-actin
gene, and the structures of reaction end products; the details are described in Example 1.
The italicized bases are the HinclI and Nael recognition sites and the underlined bases are

template sequences. “s” denote phosphorothioate linkage.
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recognition sites and the underlined bases are

woenpliatms sequences. "s" denote phosphor ot hi 0aPeT/GB2003/004794
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is results of gel electrophongsis of reaction products

of Exanple 1. FIG 13 is a diagram showi ng an ART

probe sequence containing Fok | site, a helper priner
BE3UeheRsudl areretroptepsend ecactien priotlectaeidx@mwtsr i-bed i n
Exanple 2. FIG 14 is a di agram showi ng an ART probe
sequence containing T7 RNA pol ynerase pronoter, and

i;fé. 1834 98lagBRUERES an dﬂuaﬂlose sdq@ertte soithinig Fok 1 Examhietper
. FIG 157is a diagram sho ‘

W ng a cjrecular ART, probe
BENERITaESNCR émqotergebiewﬁélﬁeééjéﬁ‘% ﬁ‘@é‘?ser%ﬁ‘g 1%’21‘?‘5‘8 ©2.
sequence; details are described in Exanple 4. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Exanpl es of vari ous
PIGbidss adiagmhosowing aRIART prob@ seqBencg containing3l 7 RNApelymerase

15. They should not be regar .AaS: L ig7 2 and any
PEAMOLET X‘H‘d? tggeﬁwnw,ﬁﬁ%ﬁgar ggs:%g?«?dnla E;I?%ﬁgghe spirit
and scope of the invention An exanple of a nethod of

the invention is outlined gg ow (FI

G 2 CELA
FEackSiipna d@:g;aﬁgsho.wﬁgaﬂ c“ﬁl"‘]@b T go%mnF%‘ hg@a Prgner seanepce,
g@é}get?geﬁgbn%; &é?e*iﬁ,gre d‘ekérgo@amlaﬂinqﬂ@s. is shown in FIG

rget nucleic acid is hybridized to the target
conpl enmentary portion of the ART probes. An enzyne

' i | Qﬁ@f target conpl enentary

Sgﬁ?ggﬁgﬂﬁﬁgggﬁﬁégg ac ﬁ%éﬁggiﬁﬁgw.nay be any nucl ease

di gestion site which supports digesting opposite
strand of the probe en do e st this

BxapIes oF RS HE B BSu® HoadnF St st 7 a2 DI Ty should
ab{ fe @Eﬁdé@éﬁ 1R8iteAPHdl an® darianfiiag bo alatly Ritiout Ubatigchk@a e spirit

lgestion site is a nicking restriction enzyne site
whé sepe niithe daienden nodi fi cati on on the probe is not
required. The target strand on the ART probes is
di gested by the restriction enzyne. The 3' ends of the
drpesimi cftarmettiel afitie mxentiod égoutined beloDNAIGA)y ner ase,
t herefore the downstream enzyne acting portions, if
any, beconme double stranded. The di gestion and

X EEN A 1@RLtidh Asih e RRE BB sh@leint HIGESA ahd& GHIOC egstion using
generates nultiple _copies of single str, n%eg, e(?d
i bridized to the target

sitodlacprebgsISemn in FlGE RS, &k gﬁqg)qt augjgic agid is hy

complementary portion of the ART probes. An enzyme acting portion is located on the
target complementary portion. The enzyme acting portion may be any nuclease digestion
site which subports digesting opposite strand of the probe when double stranded. In this
example the nuclease digestion site is a restriction site and may be modified.
Alternatively, the nuclease digestion site is a nicking restriction enzyme site where
nucleotide modification on the probe is not required. The target strand on the ART probes
is digested by the restriction enzyme. The 3” ends of the digested strands are extended by
a DNA polymerase, therefore the downstream enzyme acting portions, if any, become
double stranded. The digestion and extension are repeated multiple times; the process

generates multiple copies of single stranded end products (SSEP). In the example of the
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in FIG 2A, where the probes are linear nolecules, the
wa3kR/asmwes conpl enentary to the sequence 5' tOPChEHntKm¢m4

restriction site of the probe that includes 5

tenpl ate portion sequence ang part of the target

conpl enentary portion sequence of the probe. Because

the 3' tenplate portlon and 5' tenplate portion of the

T PLARESH Y i 1'11§??G 2Ad fMtre §idd probesReAlidedr ﬂndl%ﬂtlést; &ie SSEP are
sequence, th end of SSEP is conpl

cwm@mmermo the muemrehé togrresHsiion site §f aét“écludes >’
or.tions. of free
e TR %fﬂ%?%@%??%‘ﬁﬁhﬁméﬂ’ﬁ?%‘t o e
frwensebatxieahe 31 teinglyer portaemti S taipdae portion afidie pxabe gginprise

I n the ex I f th ct

G OF R Bl SPReRes, 61 P BT SEPRRECERER 3 o

t&ﬁﬁf@d %B%hawe $9EH Hifeal W19 tempawmms of ﬁt@promnnracsoe
SSEP anneal fully or partlallyto@I‘& tb

eateddert &y thx DRHdRalyBgratendiersiore dor)eeirag R ardrs i ormed that

tgg%:b e?)eagu Qiggs‘?gn'gﬁl SR%ﬁFb%SInQE§exafrr$iéTﬁQhé ﬁﬁétldqrsh&gﬁ@ in

est1 on and extensi on IS referre t hat
RIG 1280 sihere tind probas ar&tiroghd siolsouleh sheSSHP ae cwm@e@em@mg the

of the dige e ca |
i e teL SRS ARSI EE fubl B LoDy TREART probes
0@ RcAixRinB& B e DNA palnsledis ﬂieﬁﬁ"@ﬁﬁlﬁt\ble ﬁtmtied AR’I’Iihebes are
resulting end products, double str

fevsnapihattagser spsatedstipestign andopsitensigpelt '%Hﬁ%ﬁﬁ“%%?ﬁ%%\‘%’d‘%‘&f the
# %P&C@tQ@SSEﬁE&QH@? eRds of HIRAY %Eea sEHhiRisinthyde Shitigh 8y HHETBNA

ove steps may occur sinultaneously, there is no
p@nmarmﬂaabog: mﬂ;dlspacemgﬁ agtiatyor éprgaining ofhsh gfrand displacgment

fgﬁ.ﬁlls ie ‘3?‘1-[%“& erné r?aécﬁlcﬂoéoub[%ys %ﬁ&ﬁ%@%ﬂﬁ&eﬁﬁd%&gﬁlﬁ e PPi, are

I NS ‘exponen ce a
thatbsubftce td detecSEP, t he anpllflcatlon may be |inear.
The reaction will accunul ate doubl e stranded

pol ynucl eoti des, single stranded SSEP and PPi, which

BauRelaRehi8dreand siigleetiL all abddd @kb@maﬁmilﬁluﬁﬁn@usly, there
met hod of the invention is outlined beIom;&FlG

xs:&qustnecat@pumhr}u@vﬁgen|thm%ms 6 b8 @S theredh BRRART el ISzvRt
%dﬁacg%l'fs% s taﬂ%ﬁﬁﬁéstg% ngﬁ%lé&%&ﬁ rﬁirap OScelaf mybhﬂlze to

ANE% ridized to the
SSHERY dte anpdifiphtementydreylinpar Thoragion AR aprupiédate deuble fitagded

Y ObBep iy T TR ETED SR hien FF b E8eRindalibsey
di gestion sites. The

Another example of a method of the invention is outlined below (FIG. 4).

A CELA reaction using linear probes is shown in FIG. 4A and a CELA reaction using
circular probes is shown in FIG. 4B. A target RNA sequence is hybridized to the target
complementary portion of ART probes. In this example, the target complementary
portion of the probe is-also the enzyme acting portion — the RNase H digestion sites. The
3’ part of the target complementary portion is made by ribonucleotides which may

comprise phosphorothioate linkages. The target RNA strand on the double stranded



3" part of the target conplenentary portion is made by

ri bonucl eoti des which may conprise phosphorothioate
woiokage®s The target RNA strand on the doubl eperiGE20EM04794
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di gested by RNase H, whereas 14 he target RNA strand on

the double stranded RNA/ RNA hybrid is resistant to

RNase H digestion. The 3' end of the partially

I@NQ!@NK@;yE@J BefigeRAbS RINagEIH | shezadseincierbebyNA sBRid on the double

mer ase, therefore t he am, e
FondagRONANA R BeistE HOULRe TLT PVBRd Ty o p e patilly
&[&ltﬁvetmik ik ESatHed BPAYITRA P6lyinRehsd) Ahdré fORShEBYVnstream
nprlsé nerase pronoter of restriction enzyne

allzjnae a(\Mgrpottlms dﬁa/stacemmdeulzle;/ sitanded- ,Im@xw,amp@ngleldgwgstream

qrnggrt&t% %%hllg?fgg%gﬁ ag gﬁ;srrg}t)rg% ﬁ(ﬁs 0 Sﬁltelaasé ;?{%Fﬁte? r fégft?lctlon enzyme

ﬁ%a‘tﬁlﬂbﬁt}k Elb@nstﬁRe)l\i& éﬂhylaﬁe idtiag poidionsis raeea&m@rmmenwlm:sﬁiien@e next
ortrons 1§ a (0] r t

Spscnihe reasher morhemerm ecame noustornar FE Vg

EAIRL A Clhy e a@lﬁno PRI a RN@XQRJ C;j\ﬂn&ﬁseé}n deE(BtBlQ eheQfext di€ps of the

invention I's outlined bel ow A CELA reaction
weitiog akd the samepasalsesitied lrsulmwt Pﬁa“PIRIG(FI@A land a CELA
reaction using circular probes is showmn in FIG 6B.
One of the enzyme acting portions of the ART probes
S06REH cxempiNAL paletrodrod she ipvantion sroutlihed belget(FRNA).or  DNA
sequence is hybridized to the target conpl enentary
portions of ART probes. The target strand on the

Al £ratfaNAeg 18%/;@% & shEMMIONG . Byt d CELA FacthiRTusing
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of the probe. Because the 3’ template portion and 5’ template portion of the probe
comprise identical or nearly identical sequence, the 3’ end of SSEP is complementary to
3’ template portion. The SSEP anneal to 3’ template portions of free probes and are
extended by the DNA polymerase, therefore double stranded ART probes are formed that
trigger repeated transcription of SSEP RNA. In FIG.2B, the probes are circular
molecules; the SSEP may comprise one or more sequence units each of which is
complementary to the whole sequence of the ART probe. The SSEP RNA anneal fully or
partially to free ART probes and the 3’ ends of SSEP are extended by the DNA
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and transcription. The resulting end products: double stranded end products, single

stranded end products and PPi, are then subjected to detection.
Another example of a method of the invention is outlined below (FIG. 8).
A CELA reaction using linear probes is shown in FIG. 8A and CELA reaction using

circular probes is shown in FIG. 8B. The ART probes comprise type IIS restriction site
with its recognition site on the 3’ side of the target complementary portion (FIG. 8A) or
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complementary to the sequence 5’ to the restuctlon digestion site of the probe that
includes 5° template portion sequence and part of the target complementary portion
sequence of the probe. Because the 3’ template portion and 5* template portion of the
probe comprise identical or nearly identical sequence, the 3’ end of SSEP is
complementary to 3’ template portion. The SSEP anneal to 3’ template portions of fiee
probes and are extended by the DNA polymerase, therefore double stranded ART probes
are formed that trigger repeated digestion and extension. In FIG.8B, the probes are

circular molecules, the SSEP are complementary to the whole sequence of the ART
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I MATERIAL

A. Target Sequence

The target sequence, which is the object of hybridization to ART probe and helper
primer, and initiation of amplification and detection, can be any nucleic acid. The target
sequence can be any RNA, cDNA, genomic DNA, disease-causing microorganism DNA,
any virus DNA, RNA etc. The target sequence may also be DNA, RNA treated by

chemical reagents, various enzymes and physical exposure. -



that contain active (sense) copies of DNAzynes. The
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transfer fluorophores incorporated on either side of a
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Bacthisnpuspose, a length of 9 to 90 nucleotides for target complementary portion is

preferred, and 15 to 40 nucleotides long is most preferred.

The target "complementary portion of the probe is complementary or substantially
complementary to a target region of interest. The target region of interest chosen may be
any desirable sequence, which may comprise SNP site, mutation sequence, methylation

site, splicing site, restriction site, and any particular sequence of interest.

The target complementary portion of the probe becomes double stranded after specific
hybridization between the target and the probe. The target complementary portion of the
probe hybridizes to the target region of interest, whereby one or more than one or part of
the enzyme acting portion(s) of said probe is partially or fully functional. In some

embodiments, the target region that hybridizes to the target complementary portion of the
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sites or the combmatlon of the nuclease digestion sites and the RNA polymerase
promoter or the combination of more than one of the nuclease digestion sites. The
enzyme acting portions may comprise any other combination of the sequences for the

mentioned enzymes or other enzymes having similar activities.

The enzyme acting portion may be located in any place of the probe, for example within
the target complementary portion, or on either side of the target complementary portion,

or on template portions.
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digestion site on target molecule is also the SNP or mutation site, and preferably the type
IIS restriction enzyme cleaves at 3’ of the SNP nucleotide or mutation nucleotide. For
detection of nucleotide methylation, it is preferred that the digestion site on target

molecule is also the methylation site.

To be functional, the type IIS restriction site of the probe must be converted to double
stranded form for both its recognition and cleavage sites. In the beginning of a CELA
reaction, the target initiates the amplification through specific hybridization to the probe.

This hybridization creates double stranded cleavage site for type IIS restriction enzyme.
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In some embodiments, one of enzyme acting portions is a RNA polymerase promoter
sequence (FIG. 5, 6). RNA polymerase promoter comprises the sequence of a promoter
recognized by an RNA polymerase and a transcription initiation region which is located
between the template portion and the sequence of the prémoter. The promoter may be the
promoter for any suitable RNA polymerase. Examples of RNA polymerase are

polymerases from E.coli and bacteriophages T7, T3 and SP6. Preferably the RNA



portion sequence for a double strand specific

ri bonucl ease. For exanple, the target RNA sequence on
wel4sosupl ex may be digested by RNase H at variGBae3/004794
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In some embodiments, the template portions may overlap the target complementary
portion (FIG. 1F, FIG. 3C, 3D, FIG. 5B, 5C). In general, for linear probes between two
template portions there is at lease one enzyme acting portion, which may comprise RNA
polymerase promoter or restriction site. The template portion in the 3* region of the ART
probe is referred to as the 3’ template portion; the template portion in the 5’ end of the
ART probe is refetred to as the 5’ template portion. The 5° template portion is usually

located at the most 5° end of the ART probe. The 3’ template portion may be located



nol ecul e, two tenplate portions conprising identica

or nearly identical sequences are preferred. If the
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severs as tenplate, so the ART probe nmay be regarded

as conprising one tenplate 4 th other functional

portions enbedded in it. The tenplate portions may
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tetrBinal 3' end of an ART which is made up of nucleotides or detivatives thereof. By
attaching a blocking group to a terminal 3' OH, the 3' OH group is no longer available to

accept a nucleoside triphosphate in a polymerization reaction.

Numerous different groups can be added to block the 3' end of a probe sequence.
Examples of such groups include phosphate group, alkyl groups, non-nucleotide linkers,
phosphorothioate, alkane-diol residues, peptide nucleic acid, and nucleotide derivatives

lacking a 3' OH (e.g., cordycepin).
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may be present in any place of the probe. In sone
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designed to be RNA enzyne, the ART probe may conprise

anti sense RNA enzyme in they4denplate portion of the
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that the ART probe is blocked by a bl ocking group at
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groups are typically located at the ternminal 3" end
of an ART which is made up of nuycl eotides
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o i oA S S Then Ty R RS Y ol e
nylanC @bt aikimplep odienmethe scapRT npma:ojz)es ragtinG offvp r jubssragh sap rinclude
nore . noieties incorporated into 5 or 3' termnus or
SirepiafiiBY |y of prinmers that allow for the affinity
separation of products associated with the |abel from
unassoci ated part. Preferred capture noieties ar

In Koo cmhediments, ihaiATRBatobep et ficall ART RS 2t 3RaReon @ solid
sbﬂp%?tp grefe!: iy RSP ofGEOF ProBed™Re @ldched on a solid support. The solid

support can include any solid material to which oligonucleotides can be coupled. This
includes materials such as acrylamide, cellulose, nitrocellulose, glass, polystyrene,
polyethylene vinyl acetate, polypropylene, polymethacrylate, polyethylene, polyethylene
oxide, polysilicates, polycarbonates, teflon, fluorocarbons, nylon, silicon rubber,
polyanhydrides, polyglycolic acid, polylactic acid, polyonhoestérs, polypropylfirmerate,
collagen, glycosaminoglycans, énd polyamino acids. Solid-state substrates can have any
useful form including thin films or membranes, beads, bottles, dishes, fibers, woven
fibers, shaped polymers, partticles and microparticles. A preferred form for a solid-

support is glass slides.



can include biotin, digoxigenin etc. Oher exanples of
capture groups include |ligands, receptors,
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recognlzable by anti bodies or aptaners. The capture
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prOV|des a convenlent nmeans for gene expreSS|on
profi and detecting nultiple targets. For exanple,
3' égﬂﬂﬁ¥pwpﬂ'probes specific for nultiple different
target sequences can be imobilized on a .glass slide,
each in a different spot. Anplification of end
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7G). The helper prlmer may not comprise a 3’ end blocking moiety, whereby the 3’ end
of said helper primer is extendible by a DNA polymerase (FIG. 7B).

~ The helper primef may comprise sequence complementary to enzyme acting portion(s)
with or without flanking sequences or to part of enzyme acting portion(s) of the probe,
whereby the hybridization between said helper primer and said probe makes the enzyme
acting portion(s) double stranded or partially double stranded (FIG. 1D, 1E, 1J, 1K, 1L,
7A,7C, 7D, 7F, 7G, 7TH, 71, 7]). The sequence on the helper primer complementary to



establ i shed. ART probes can be coupled to substrates
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regions complementary to the helpér primer and is adjacent or subétantially adjacent to

the target regions complementary to the helper primer (FIG. 7H-J).

 The helper primer may comprise other sequences that are complementary to any portions
of the ART probe (FIG. 1K, 1L). The helper primer may comprise other sequences that
may not be complementary to any portions of the ART probe (FIG. 7).



and fully functional or partially functional (FIG 7B
7E). The 3' end sequence of the helper priner that is
woan@lsymat ary to a sequence 3' of one of the eaTAGBR003/004794
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t ar@eDeteatgpudnlsds For this purpose, a length-of 9 to 60
nucl eoti des for the target conplenentary portion of
the hel per prinmer is preferred, and 15 to 40
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1K, 1L). The hel per_pri mer i se ot her
@eﬂfe&en%éxllﬂ i the %ﬁwlqﬁ@fﬁ YI@EE@ﬁﬁlérsyltﬁ%ﬁ Eriypse in CELA are
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B Sl AREREIRELS, HoOA0HERIES cones
ardibgdies, and lipodg. as it efficiently hybridizes to the

ART probe and/or the target sequence. Hel per primer

may conprise any desired nucleotide nodifications. C

E@d}ﬁﬂé&i sisultabile figaortereni ldbdlnindktie bt 06 nélﬂdnﬂéd&ﬁtﬂubf:b%édﬁn(FITC)
npl i fied using, CELA, detecti.o

cIelc (of
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tetramethyl rhodamine). Preferred fluorescent labels for combinatorial multicolor coding
are FITC and the cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. The absorption and
‘emission maxima, respeetively, for these fluors are: FITC (490 nm; 520 nm), Cy3 (554
nm; 568 nm), Cy3.5 (581 nm; 588 nrh), Cy5 (652 nm: 672 nm), Cy5.5 (682 nm; 703 nm)
and Cy7 (755 nm; 778 nm), thus allowing their simultaneous detection. The fluorescent
labels can be obtained from a variety of commercial sources, includihg Molecular Probes,

Eugene, Oreg. and Research Organics, Cleveland, Ohio.

Labeled nucleotides are a preferred form of detection label since they can be directly

incorporated into the products of CELA during synthesis. Examples of detection labels



measur abl e, detectable signal, either directly or
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are radioactive isotopes, fluorescent nol ecul es,

hosphor escent | ecul es, y .ant i bodi
i hag e m@(ﬁ%‘iegg Gt ENG #1 RAdaH ade Miclagaiie a1 ogs such as
BRAbAdE0h dhd S(Elﬁml@@tl\/hhtb‘mﬁ R&edréh Mmmﬁmw%()ﬂﬂ@rp (Wansick et
5, 6- car boxynet hyl ‘fl uorescein, Texas

Al SloB Biolpgy k283255 @29;3» andynucleridss, mockﬁmrth hiotin (Langer et

n or
gla, gyoai aml dIAr?g(? 28£plh : no 3]7» (1%%A)P w1th a}%e haptens such as
digarygeeind (loskldf3 AnGly SBE»phe@y 5203355- 3334a(1k992»7.8ui?a{téé dhioedcence-
Sluores ent are, .fluorescei

abeled n ecgffdlefaW?é%?%elﬂplfﬂvwm%é@wﬁr fryainesSAUTY agd fyanine-

KR AT e ef &, BNudlédt nRimRtkeg, mimdanae) 1R ehepleted nucleotide
fluorescent l'abels for conbinatorial multicolor codi ng

apadogierestian debehfor BNihiinBrdlfrd BUPR triphasphate.Sigmaicysd g preferred

PRGN sy TG SRRSO RS SEBEA R Tt i
mﬁe)dUTlByBoéhﬁﬁghermﬁannﬁéi&)rii‘ﬁuqne@yﬁi 6y3,58d OypricarbBBlimbe} to dUTP for

%%% fﬁ%ﬂz “er%eg dr@me B 38%11 e o S0 bR o lates for

sRbBddry Qéiectﬂ;h%f bty &Ry geniAlaBisd idBesbe obt ai ned
froma variety of commercial sources, including

I\/bI ecul ar Probes, Eugene, Oreg. and Research

(l)rpﬁibel lﬁYQIIeQH cgilleﬁ’ mt!y% Ligh Mél@g i ds%%h 3¢ Biofin, can be
Fut e id if B

pre erre ormo ection si nce they can
dubrseqltewy detmtwhpsmgaieasitwermcﬂwdsswqjk -lgebwat is thef arCFloAexample, biotin
of . det ecti on

St a0 B e A R Ein S B RO BlrSpi e, which s

bowar porthd Qfﬂotlnmaﬁ)d asibtdqhértly DNéct@l bRNEhehfilibift8cence of suitable
' s such as BrdUrd and Schi nke

%I eoti de ana %(S Dy

ﬁe%ﬁmrsé@@a epyumynescent subst g HSPD: dispripmg %ﬁ@etbexyspm-
2 o 'J 2 ) U

R PR MR Renyt phosphae

Prapéx, INak | . Acad. Sci. USA 78: 6633 (1981)) or with

sui tabl e haptens such as di goxygenin (Kerkhof, Anal.

Bi ochem 205: 359- 364 (1992)). Sui tabl e fl uorescence-

Aalblefeetdd rlaettiot labesfoanee in detection of amplified RNA is acridinium-ester-

Q?gl I n IS evkr&géallgg: gg g%glpeéil ya&:g{})iqs 3‘?8]9 (l_‘:imlcafl Chemistry
?Ql%ﬁ&ﬁ%ﬁ%%)l A¥acHdinfinReRECAbREH MusckiBR B permits the detection
of amplified RNA without wéshing because unhybridized probe can be destroyed with

alkali (Arnold et al. (1989)).

Molecules that combine two or more of these detection labels are also considered
detection labels. Any of the known detection labels can be used with the disclosed
probes, tags, and method to label and detect nucleic acid amplified using the disclosed

method. Methods for detecting and measuring signals generated by detection labels are



anal og detection label for DNA is BrduUrd (BUDR

triphosphate, Signma), and a preferred nucleotide
waned4mpgomet ecti on | abel for RNA is PCT/GB2003/004794

Bi otin-16-uridine-5-triphosphate (Biotin- 16-dUTP

Boebri ngher Mannhein). Fluoré8cein, Cy3, and Cy5 can

be linked to dUTP for direct Iabellng Cy3.5 and Cy7

are available as_avidjn or_anti-di goxygenin con

plop kneywe Bnihase ofkilldiathopt dior Si‘%’l’lﬁﬁ radjpaciy ﬁb%? S%Wrgﬁ‘%e Jetected

l)ﬁggilnﬁﬁiat Bo&ﬁgtl rgq?llgﬁ?éd QRuAIBRRAS MAdAlscé fndlQuRE RAR AeCdbtected

|f|e ucleic acid, such as biotin, can be
smbsthmamdt)sp@t@tophnt@det@mi n@SB@TSﬂC@lht\ﬁeolﬁ@ﬂ%o@@ be detected with a

%%ﬁg@%%%?rﬂ%rt(?’l ecﬁ Vés\}Jlalg{ de%rf{i:pal gamép%g%léglﬁesc% BE detected by

aeBftioaar le(xaiiz@ﬁd)r)(of th@ projluct\whib educiion cadyued by theteneyme; antibodies
bi otin and subse&uent |y det e t ed. b)i Pem [ um %sce ' Such
ean Bodetapph by defBding 4 weondept %%‘Hﬁl ahel eorpind igripm aet uc

91%(15 @énebe(?@ap - dlrgétf;fqg'tmlsao&ﬁ%mml‘ﬁcatlon and detection. As

di oxet ane- 3 loro)tricyclo
p@d:hen_enl, deteptiad mol]e@é@am@qupcylpg whisk ieragigdirienrlfied nucleic acid
n | abel for use in
C{Jig)c\%/(rll“(ﬁf)hn(lglnoefgr m(ﬁf ﬁ’{t?&@ﬁﬁﬂ%&lﬁ%&% f| iniumester-
Iabel ed DNA probe (GenProbe, Inc., as described by
% et al., Cinical Chem stry 35:1588-1594
(1989 YPO%S‘%W& ni um est er-| abel ed detection probe
permts the detection of anplified RNA w thout

washi ng because unhybri di zed probe can be destroyed
Wi rdporte Rubsirate malesule ean bg an (ﬁ@%gar)DNmémf@@e@h‘ﬁhlch contain

ﬁgggk%g?ete \é@ %‘él?ggéﬁﬁ‘%}pf aﬁ%&sﬁu&%ﬁﬁ& %ﬁl&@%ﬁég\?\%@ efhé! §i8’e of a

consi
N egytricoledvape Isite @mtbre ets eld B/m¢H¢rrlstn}e 1(99&,086513%%0 13342). Any
robe and t hod.to | abel tect, _nucl e
- BiPaBRaret PR iy EnES (RS bl e iotes™ ot RbGEY gl Bl a reporter
EgistraiR!t O6¢ eXinAe HEEAGS &?@ﬁeﬁ&@ﬁlﬁb@f@t@fb@é@ﬂi @UAY is incorporated
detection | abels are WD 04/ 059005 PCT/ (B2003/ 0047

?»b they §o epdhodind ths quepcher &C%mmetlpmewléhog@mmepgmﬁ or 4-(4-
SCI t t| mB@@Rﬂ@fJ)béﬁgoﬂcsQ&l@pﬁAE@‘?Lpelsd%c%gJo?ﬂed B¥ternally. Any

counting or direct visuallz
blogling suaiety swoh @s B’ ghospatebgroup tcais the cadded tdh the 3’ end to prevent

Frse B 59 "R G0 HBPE P Fhiual"SRRUL GTE B, e b
giadacdslay m/dr&sainl ﬂmebswnw that 3 dimdeadive eﬁmmsﬁmmnpltfeation,

detected by detection or visualization of the product
of a reaction 'catalyzed by the enzyne; anti bodies

. E. DNA polymerases

For combined exponential and linear amplification (CELA), it is preferred that a DNA
polymerase is capable of displacing the strand complementary to the template strand,
termed strand displécement, and lack a 5' to 3' exonuclease activity. Strand displacement
may be necessary to result in synthesis of multiple copies of the SSEP with long
sequence which may be more than 100 nucleotides, or more than 50 nucleotides.

However, for producing short SSEP which may be in a range of 3 to 50 nucleotides, the



can be detected by detecting a secondary detection

| abel coupled to the antibody. Such nethods can be
wazer/oddaoect |y in the disclosed nethod of anpl PET/&GBR003004794
and detection. As wused herein, detection nolecul es

are nol ecul es which interact Mith anplified nucleic

acid and to which one or nore detection |abels are

coupl ed.. D. Reporter substrate reporter substra1

ﬁﬁrr@cérpléawnbaﬂaarbynr@& ISFESEHTA- 4RNA IR 13 FEQINC eca&twny, if present,
?rﬁ e It ol HOTRSARAGE of ﬁﬁ%ﬁﬂﬂ@ﬁze%n&fagé( Tk rl@Ql% %Teferred that DNA

ores incorporated on either side yme
@bkyameeges &irt ese( Batheodieclesed aheth®| aeshbighlyr yrowslse Breferred DNA
342) fLugk c S
SRR AP bt 1 I E AP AL Y BACHEE S 5kss ne
$Lﬂ0$l0l561t@Bla€b@ eteadam’ﬂiage M ]DNAtpoﬂ)rmaerageL(Matsﬁmoto et al Gene 84:247

fI t he 5!
0o Bn LR E HEVA Gobimasts iRk Sl 106 Ala A S USA
@I%Nw\hgar AvEfeT 18T e DRl ﬁJI%uﬂ&ﬁ&e n@?e@hbejng%lccm }68:1965-

DABCYL) |s i ncor por at ed 1 nternal Any ~ bl ocki ng

dﬁ?%twéncﬁleagwaﬁamw&@ﬂﬁlﬂé @lwa&@alrﬂmb@wéél t19iry hBiochem.
315.6‘35%2‘7%1@@%\9;1;% é)l\ﬁ%tp%ﬁﬁe?ﬁe Bén L Sgeb%?e R3¢ AHUBLIYI(1991)),

reacti on I'S repor
mmubms\ pdsiymamsee@m dnd Id, lmodmeBﬁ@hym&tcta 4219:267-276 (1994))

B BulL e (kA LS LDy, (B 263 152201522

@mln F TRt a0 RitHakdidn, J.IBibS el e64.8a41-bps8 @9@§A3equenase TM.
ol ynerase is cgpable of displ acing the strand

&J IBipahamigals) d 4t DAt pokpresess holqenaame (abepgdgank Bepkgvic, Curr.
i SPs. qg@ﬁ?&l?%ﬁﬁf %ng g81:§7m@ra§e gtaigar% arfd 840 Esléfﬁl@ﬁl@e (NEB) .phi.29 and

activity acenent nay be essary t
BasONA pdhyrs«;mstebenelrsosoplefanded.i pl e copies of the SSEP
with long sequence which nay be nore than 100
nucl eoti des, or nore than 50 nucl eotides. However,

Satnd tRpMEdnGt SAObE FRBEReAMHr6kphNRY UBE of B stadBBigFlaginedt factor,
to 50 nucl eotides, the WO 2004/ 059005

peshy @é@i@@mdmsgaon@f@tth%rn@n’d%lﬁr a%lérr*érr@e hay cpy Ppigerm strand

ARpReSAENY in /t’hels{olegé?lcg’ of @XBaMf hﬁﬁl%@en?éfﬁ ey drYis sluftable for use in the
present resul in the destruction of

d;snltob@ismztédd,sewlarfdhe DrNA polameresepdask apt E@fmnatrawsmacement in
R B39 3u,0L 3 <k IR HEAS P RLAR 258 AHERLY, but i
barcﬂneﬁuedplba@v[RBhl poREndivA més]sdmveﬁmaﬁen ((l“kinﬁinP&t al.NJs .Virology
%7(]18) 7?4% é%gd(l993)) adenovirus DNA-binding protein (lederveld and van der
Vliet, J. Vrrology 68(2):1158-1164 (1994)), herpes simplex viral protein ICP8 (Boehmer
and Lehman, J. Virology 67(2):711-715 (1993); Skaliter and Lehman, Proc. Natl. Acad.
Sci. USA 91(22):10665-10669 (1994)), single-stranded DNA binding proteins (SSB;
Rigler and Romano, J. Biol. Chem. 270:8910-8919 (1995)), and calf thymus helicase

(Siegel et al., J. Biol. Chem. 267:13629-13635 (1992)).

E. RNA polymerases



5,001,050 to Blanco et al.), phage M2 DNA pol yrnerase
(Matsunoto et al., Gene 84:247 (1989)), phage
wopbti4/0BRIDd DNA pol ynerase (Jung et al., Proc. RariGB2003/004794
Acad. Sci. USA 84:8287 (1987)), VENT.RTM DNA
pol ynerase (Kong et al., J. Bol. Chem 268:1965- 1975
(1993)) Kl enowfragment of DNA pol ynerase | (Jacobsen
J Bi.ochem 3-627. (1974
YMQgg‘/“teﬁ?St“fhé? we Cé’t"fy QPt a"é‘é‘ﬂ%“’g?“ fﬁ%@d@@@% promoter
nma@@beéma@me& Zbindd it the dBicRREd TELRI ABRYE Stable RNA
Ac . 1219:267-276 (1994)), nodified T7 DNA
pol wease%elt i treMPiFHdreRRIERANESSYA Preferrag). dvlost oreferred are T7 RNA

| égﬁ?*ﬁ%ﬁ@g‘éﬁg’ﬁ ot 3l PR AR D0 08 LRACBRS 6Ot 9ty and SP6
BiMok Ipolyimeedss {BytleF AndNAampbirlimel Biw. ﬁbérmezﬁﬂ;me?(smol@nsa)) which
A e e, B Dortiaila® meomarEi SHPAGS (Rhduports fnd Adeirendorf

NikleiPHNciddNReRaIH TET:83BS686€(100S)). Piiek ERKNA polPiemsst with this
di spl acenent can be facilitated through the use of a

sharagteristic i ddwapreferred-diacaise Prosupier sagueRessi asagwerally rycggnized by

%?r i %\?dg %P% erafb% Aﬂﬁié yﬂ@ﬁ@%ﬁoﬁlggt%on%? epg)'i(g'%tg? sequence

acenent presence
deczs»gma@eherthe R q:olyrmar@althabﬂs eustdr Nuiperous prdmgoter sequences are
sclo ven if th rLase oes
B AR Sor AT ROEY B ehmerate Ty e Oent TR SR g apimge can be
fusat or. Strand di spl acenment factors useful in CELA
include, but is not limted to, BMRF1l pol ynerase
accessory subunit (Tsurum et al., J. Virol ogy

67(A2ReAR8n" eﬁéﬁnés]agg?’l)obmuc?é}i?é"ov' rus DNA-bi ndi ng
protein (Zijderveld and van "der Miet, J. Virol ogy

68(2):1158-1164 (1994)), herpes sinplex viral protein

?ﬁgg‘ﬁ"%o%@ r(ﬁétpoea?qgaggﬁ% trxctllb enE | oQ{qls g%%rr 7d]'%‘cgég'srestrlctlon

b&bgﬁd.l(sé’sﬂs) ﬂ:f)665v11(1g)gﬁ¢9 st&alﬁ&ﬁ)dqub&ldsn%hc&dSﬁwc&ftdadd@Mhel nucleic
i, N rot ei ns : gl e mano

oA 3B oo May Ei’fg‘li% g‘lrefrﬁﬁeﬁq B‘é‘f‘?‘ctaﬁﬂ‘?rﬁﬁ?v%l qegs gre those

(hak egbe Ehtuclfélc acid - m@é@ﬂles @"'Snée qidée- 4R haRR?. Many restriction
(1992)). E gcﬁo ynmer ases V\D 2004/°059005

F@W@BZ@@B‘IIW? cargpe Asgd RINA the disalepets methiil cRestrigiion enzymes
St e L ERRRR P ct Tt SallMiel O can be used

|n the di scl osed CELA net hod. Stable RNA

In some embodiments, digestion of target RNA hybridized to the probe is carried out

with a ribonuclease. Such ribonucleases digest RNA strand found on double-stranded

RNA/DNA hybrid. An example of such ribonuclease useful in the practice of this
| invention is RNase H. RNese H is a RNA specific digestion enzyme, which cleaves RNA

found in DNA/RNA hybrids in a non-sequence-specific manner. Other ribonucleases and

enzymes may be suitable to nick or partially digest RNA from RNA/DNA strands, such

as Exo IIT and reverse transcriptase.



pol ynerases w t hout conpl ex requirenments are

preferred. Most preferred are T7 RNA pol ynerase
wODRezdws et al., Proc. Natl. Acad. Sci USA PCT/GB2003/004794

81: 2035-2039 (1984)) and SP6 RNA pol ynerase (Butl er

and Chanberlin, J. Biol. Ched3 257:5772-5778 (1982))

which are highly specific for particul ar pronoter

quence orn and dorf Nucl ej ¢ Aci ds

RES BRI g%\gb*wsear{ H@a@%ﬁge cegrdier iRy sBItghie peaisation as a

Wit LSk rbiTbSp erﬁhﬁfna@ﬁeedlééésb&rr@fh%d al so preferred. Because

pr onot er sequences are generally recogni zed by

speci fic RNA pol ynerases, the ART probe should contain

a pronoter sequence recognized by the RNA pol ynerase

that is used. Numerous pronoter sequences are known

andL Mithsli t abl e RNA pol ymerase having an identified

pronot er sequence can be wused.. F." Restriction

enzynes and ri bonucl ease The di scl osed net hod may use

TRStpidseiitl AReRbaY pRYides | speidIBf 8ssigdd t;ﬁol?e% ﬂhﬁts tafld)\’?t foP 'tombined
endonucl eases) for cleaving one strand of

Sfnoneidial and, Enesy @mabﬁ@élondlweproh@sc@re|eeiherdmear mpl@awlpsn gr circular
Adepiss may al so be used. Preferred nucleic acid

cl eavi ng agents are those that cleave nucl ei c acid

nol ecul es in a sequence-specific manner. Mny

R G0 S0y BN ShE P B A BB s o

ﬁha\/s@ecaﬁé e@&giﬁtdtlbﬂfbe&%éﬂ&@@@t %Qer@e§ hl@ﬂ)&?&e ﬁ)bésemclddmg helper
sone enbodlnents estion of target ybri di zed

PIYMEfe “p‘ihéb’éeSP@,ced%fraf 8&?\ BuRNAmojeculey h@)‘é’ﬂﬂjmeéa@ét seguestee, the
Faf&@'@Hﬁb%ﬁﬁﬁﬁreﬂb&ﬁ%s mlﬁ‘ Eﬂfﬁgs fy 70th ‘fhe taget sequences and

doubl e-strand rid exanp e 0
bachma udsub ks gsrandest, uvhicin forve ﬁp’rcaomal ow eitidl hfusctidnal emdyin@nacting

e AL y—

@ Mgeseaqmrp@amﬁpatgette@ byrardiestingAdesy then bomargloﬁ@sge&ed strands
partially

and be suitable to nick or

AP GEERIRRRY £r DRPRRRUBRIESS hefRtpEe cieaierpthersupstionp) pramg acting
RUEsS Thb [sBBEGHdnP s ared WoLAARAAZ900R g

]%CT/SBZOO§/OOﬁ7S4 Qﬁ © %Q}waterlalg dggﬁrTBmgka%gvg of single

randade enrh pragyeld @@&Bi hévichi itheangnnsali toalflee ARFhirolas prime new
&%en@ion,"elnﬁ ggﬁé;gtghe‘{,gngerf orm ng the disclosed nethod.

Linear amplification takes place when individual ART probes produce multiple copies of
SSEP. Exponential amplification takes place during repeated replication of SSEP that
anneal to free ART probes and prime new SSEP generation. When there are free ART
probes in a reaction, the reaction may combine exponential and linear amplifications;

while after all ART molecules hybridize to SSEP and become double stranded the linear

amplification is dominant.

Following nucleic acid amplification in the disclosed methods, the amplified double

stranded end product, single stranded end product (SSEP) and pyrophosphate (PPI) can



1. Method The present invention provides specially

desi gned probes that allow for conbined exponenti al
wana4dosyear anplification. The probes are eithecTiiBewmro04794

nol ecul es or circular nolecules. The initiation of

t he conbi ned exponential and4l inear anplification

(CELA) depends on the specific hybridization between

t ar get -and AR b | udi
o aied and A GoyGEGHEG! B AT ORHOT CRRIOHST ST Heh o
Jé@é{ SHoAAR és%ﬁ\?,?atbeﬁ CRURAG BnkddRteclicH §8lems ARl AMEBNL ary

portions of probes’ hybridize to the target
1geqmenmsca@nmy m@cg@hele@@mbmesmfwam@nce P prédatipn mpAss

n ar t
spertirisny oy ieseRn Kb ekl Rap BOAYRETR HiinBdesolved
MR r&¥dRs d&écth)y;, cleddiVl pabativey dndduminesdeacedietpetitred or

partially digested by a digesting agent then 3' ends
of digested strands are extended by a DNA pol ynerase,

THREAFRbE als al‘l’?] Eﬁ‘hﬁle?ﬁ R&EctioH Mﬂo@ﬁ@lnoﬂb@ﬂfﬁn@ Thé ART-probe

porti ons. subsequent repeated meri zation ‘
o@mpesataewmnlﬂmanmm(a@upﬁne@ sequemerfélaé)Ng@m Baging pgplification,

Breisrdhiey SRt phAFe ARLER R TEnT o PEORE

PINREyhéCaht ogave al@snﬂi sabsr amaa'iucﬂanldn viedeattioARIIXtpreobes
produce multiple copies of SSEP. Exponenti al
anplification takes place during repeated replication

"ﬂ{e bt stbptalt CERANR&tioh Ared deS&ibARAs flioRe. SAlaﬁtépslﬁasnEe peeformed

SSEP "generati on. Wien there are free ART probes g a

m@asmglenuube asvesingatearting, ernerioanest indifisegy rﬁ‘é’ﬁf ARICPAAG
near I fter all ART nol ecul es

rﬁ%mn @gg eé(é%b Eoém%e\é\gklné& oubl e stranded the

li ngar anplification is domnant. Follow ng nucleic

cid anpl i tion.in the disclosed nethods, the
‘gnﬁ‘g?tng ‘%‘b‘ﬂ@l"é‘zag?“r anded end product, single
stranded end product (SSEP) and pyr ophosphat e (PPI)
can WD 2004/ 059005 PCT/ GBZOOS/ 0047%23@{{
ARJ nm@ﬁstqrf% BHOUARTPrabsy bR MHBIE S P8RRI a“ﬁé’?&’&’i Prd er are
1§1¥1§‘Ja'?e'55 \Rﬁ{r']:lk gecto%&'idlﬁ’rp tRXlgetl IDIQK e ROEAL of e, Sunder suitable

enzymne- I eCtI on yst errs m cr oarra
mbbldlzdilamd:ondmons;ap ithalt eloqbleman@@i DNAINANS Ilfé%@% hybrids in the

targe? E(?n%p Shénta plo Eolné %tf A%L}’ prgﬁesgr helper primers are formed, whereby one

of the enzyme acting portions of probes is partially or fully functional. If one of the
enzyme acting portions is restriction site which is located within the target
complementary portion, the hybridization makes the restriction site double stranded
therefore functional. If one of the enzyme acting sequence is type IIS restriction site of
which the cleavage site is located within the target complementary portion, the
hybridization makes the restriction cleavage site double stranded therefore the type IIS
restriction site is partially functional. If one of the enzyme acting sequence is RNase H
acting sequence which overlap the target complementary portion, the hybridization
makes the RNase H acting sequence double stranded therefore fully functional. A

stringent hybridization condition allows subsequent amplification to be dependent on the



spectronetry, Fluorescence Resonance Energy Transfer
(FRET), Tine-resolved fluorescence detection,
welewtossmal det ection, and | um nescence det ect POT/GBENES/004794
i nvention al so provides a detection nethod using
DNAzyne. The ART probe conpiBbses a conpl enentary
(antisense) sequence of a DNAzyne. During
anplification, single-strande nd products are
PRI matehbRReen éﬁ%rg?tﬁe%‘@?%@’ (@%ﬁspéebeéeﬁhaé@“ﬂ? discrimination can
‘PNAZydseg. that cleave a reporter substrate included in
the reaction m xture. The nmaj or steps of CELA reaction
are described as foIIovvs Al'l steps may be, perforned
S. a r.pe r
i fepenlifien & BB SRt Aefob Rk Moo REbAR HRE At ArT
hERHE thadthefeldradicilitste @p@if&f lybeldizdsion Tatvgeh tl&rxeﬁgbtf and the probe.
hybri di zati on ART probes or a set of ART probes or a
m xture of ART probes and hel per primer are incubated
W tﬁuﬁlgsﬁf%&ﬁn@ Qéﬁng pBlEs bAseRds dehle stted d 1@49? functional .
under suitab hybri di zati'on conditions, so
doubl e stranded DNA/ DNA or RNA/ DNA hybri ds in the
f r !
R D R e N oS
mmne(mnsng;fommm ideRNase rbhahga:sah ¢ yiteoy is farheyt (FIGN8f4)0Tiatause all

one of the enz act i ortipns |s.restr.ictipn
g{htﬂ%ewame ACERG nofitant SEP Pt AL BRendst fed fullSinstiofaly B stpp

% iR didehgn %mabm sthag @by RNad¥BK a8 éxie&ldh@sy eh&bf @ s&'dts&and
dou | e stranded therefore functional. If one o

using the PERbeian tpmnkeie by 2 ®NA Delymerase, gheishy Al @&hr:rcmlzxm@ @ctmg
WISF s dl'e }O%ng&gmé 'dB@ol%&rAnﬁ?/cg'ﬁr gﬁumtfonélnTﬂéqtﬁhér%ﬁﬁs%e acting

errent ry portion zatlon na
pe$1t)ns @t the probbemup genwise eesttatibh sitestrRMNA @dlyniserse pon®ter or

r r|C|onS|te|s tiall . .
bolf atsfiign 5% ¢ dRA P oo hisoaest Bt i stnbadiments; qending
tHYa3S endbf el Ip digeed eidhe nidyl filthe? ¢mbiage stagd angﬂ@@ﬁghby the DNA
conpl enmentary portion, the hybridization makes t

pRlxwgrape s g MW@“’E@JN‘@SM randed therefore
fully functional. A stringent hybridization condition

al | ows subsequent anplification to be dependent on the
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strand, a portion of target complementary portlon of ART is made by RNA (FIG. 3D),

thus RNA/RNA hybrid is resistant to the digestion by RNase H.

In some embodiments, when one of enzyme acting portions is restriction site and is
located within the target complementary portion of ART probe, the step (A) causes said
restriction site fully functional. To cause all other enzyme acting portions of probes |
double stranded and fully functional, this step comprises digesting opposite strand of said
probes and extending 3’ end of digested strand using the probe as template by a DNA
polymerase, whereby all other enzyme acting portions on probes become double stranded

and functional. The other enzyme acting portions on said probes may comprise other
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Rdvegenotyping, especially for genotyping SNPs or nucleotide methylation, the target
specific ART probes, helper primer and type IIS restriction enzyme are included in the
reaction (FIG. § and FIG. 13). The advantage of using type IIS restriction enzyme is that
‘'the target sequence for analyzing does not need to be restricted to contain any specific
sequence, for example a restriction enzyme site. An universal restriction enzyme can be
used in all detection reactions. The type IIS restriction recognition site is usually located
on either side of target complementéry portion of ART probe (FIG. 1D and 1E, 7A, 7B,
7C and 7D), while the type IIS restriction cleavage site is located on the targét
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The advantage of using type IS restriction enzyne is
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cl eavage site is |located on the target WO 2004/ 059005
P@n@@ﬁ@ﬁ&@a@&&%ﬁhigh specificity may be achieved by the following factors. First,

target specific hybridization between target complementary portions of ART probes and
target sequences provides the first level of specificity. Second, the annealing of helper
primer to ART probe and/or the extension of 3’ end of helper primer using the probe as
template may take place only in the presence of target sequence which bring the ART

probe and helper primer together. Third, if occasionally a non-target-specific
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In some embodiments, when the enzyme acting portions of the probe comprise both

restriction site and RNA polymerase promoter, the step (c) comprises: digesting opposite
strands of the probes on the restriction site by a restriction enzyme, extending the 3’ end
of digested strands by a DNA polymerase, repeating digestion and extension, whereBy
multiple copies of SSEP DNA are produced, and repeated transcrfption by the RNA
polymerase acting on the RNA polymerase promoter, whereby multiple copies of SSEP

RNA are produced. In further embodiments, extending the 3’ end of the digested strand
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or the 3’ends of the digested strands may be carried by the DNA polymerase having

strand displacement activity or containing other strand displacement factors.

In some embodiments, when the SSEP are RNA molecules, the step (d) comprises:
annealing the SSEP to sequence portions of free probes, digesting the SSEP by RNase H,
and extending the 3’ end of partially digested SSEP using the free probes as templates,

whereby all enzyme acting portions become double stranded and functional.

In some embodiments, when the probes are circular molecules, the sequences of the

SSEP comprise one or more than one sequence unit that is compiementary to the whole
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whereby nmultiple copies of SSEP RNA are produced. In
wouodadvssooenbodi nents, extending the 3" end of POE/GB2003/004794

di gested strand WO 2004/ 059005 PCT/ GB2003/ 004794 39

may further conprise strand 4 spl acing by the DNA

pol ynerase or other strand displacenent factors. D

Anneal ing the SSEP to free probes and causing al

sequepce oftbe profes step (Dregmpfises adnnealmgdleSSkfbiothewbele anpasts of

N S el S O R L e

fandionNA nol ecul es, the step (d) conprises: annealing
the SSEP to sequence portions of free probes and
extending the 3' ends of the SSEP using the free
PEHRBESHR Sre IIRIPhAL&Te, M ENERMNad1 ko $TREMPRAIIIHDS the probe

portions of the probes beconme double stranded and

thematoré wigger. chuinaenctione The chanse af e SSER annaabingioihed’ template
SSEP ar.e | emre rv. to f e . ’
SR OSBRI hesh 4G SESRSE BB g
mEbdiekd Gbmithe s’ pmphe dditidn regioh,ubeSSEP map aplealtte theoi' tiemyplate

sequence, . cause the 3' t | ate portion and 5'.
RGBS 5o AR A0S B b UNb e AUIAEE ) FOMTCaTghs
BEREVeY, if B8R AfPS’ 1SRG B6ion LBfieces @BRAdercal XRESSEP may anneal

conpl enentary to the 3" tenplate portion. The SSEP ‘

tabadeportiens3qualkynisl aay gaseppsndlbprepation peSHY thpesneahtp Hr e
.y . bl e
SRR e AP PREA: vhIFRIBR e 0 oo
di gestion and extension. Wen the probes are circular
| ecul es, the SS re conpl enentary to the whol e

(s rarhes S ey Whch CRG SRR anh bt Apgnghe SSEP
& ddndrls¥ oh®or @€ fRIniRE HREse ABApRMentaxtte fastiycirchRE ART

pol ynmerase, therefore double stranded ART p

DNA b
Rapls 1dncAss of Rl cormpleyearingssisd SBER i €8eHlgy I grobe, the SSEP
RS fred bl PIEY GESTndll, SRR GR Bhoth Bicton

efficiamttis may be carried by the DNA pol ynerase having
strand di spl acenent activity or containing other
strand di spl acenent factors. In sone enbodi nents, when

B.IRep SRl sehe (BNAD D), &tidted$ thet ART piobps 4rd borbeigd iosivable

anneal ing the SSEP to sequencg portions of free

ﬁsr%@éiso,r Paitgay ol tqadedspm.apd pdple pppiesoh thedoldrug prgduced
bh&redly end of partially digested SSEP using the free
probes as tenpl ates,

Because all reagents are in single tube, all above steps may occur simultaneously, there is
no distinct boundary between the steps. The step C and D are repeated multiple times. As
long as there is free ART probe, the reaction may remain as combined exponential and |
linear amplification. Once all ART probes are hybridized to SSEP, the linear
amplification may be dominant. The reaction accumulates double stranded

polynucleotides, single stranded SSEP and PPi that can be labeled and detecfed.

F. Detection
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are spotted on microarray. During CELA reaction, double stranded ARTs are created and
can be detected and quantified using various detection systems. One of detection system

is using SYBR green staining that can be monitored in real time.
G. DNAzyme mediated detection of single stranded end products - SSEP
The invention also makes the use of DNAzyme for detection of end products — single

stranded SSEP (FIG. 10). The template portions of ART comprise a complementary
(antisense) sequence of a DNA enzyme, for example 10-23 DNAzyme. During the CELA
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-dCCGGAGACGauGCGTCAp 3’ the lower cases is RNA base. 6-carboxyfluorescein
(FAM) is incorporated at nucleotide 7 and the quencher 4-(4’-

dimethylaminophenylazo)benzoic acid(DABCYL) is incorporated at nucleotide 13 from
5’ end. |

CELA reaction conditions were as follows: 50 mM potassium phosphate, pH 7.6, 7.5 mM
MgCl2, 8%glycerol, 0.1 mg/m]l BSA, 1000nM ART probe, 200 nM each dATP, dCTP,
dGTP and dTTP, 100 units HinclI restriction enzyme (New England Biolabs), 1 unit exo-
Klenow (New England Biolabs), 0.1 unit RNase H (Gibco BRL) and the indicated

amounts of mouse mRNA. For each sample all reagents except Hincll, Klenow and



The invention al so nmakes the use of DNAzyne for

detection of end products - single stranded SSEP
WORBE/05405. The tenpl ate portions of ART conpr PEE/GB2003/004794
conpl ementary (antisense) sequence of a DNA enzyne, '
for exanple 10-23 DNAzynme. Dgying the CELA WO

2004/ 059005 PCT/ GB2003/ 004794 42 reaction, SSEP are
produced that contain active (sense) copies of

K)Nmy{‘rwsre af$eenblaAn a eriayoantriiupeitibe and I smiplONAs Rited at 70

c Jreporter substrate whi ch cont.ai
c% E 8 HBE a?‘L@‘S‘ﬁ %ﬁ’rEébr%tﬁé‘ AP efARgrapres fl@ﬁ@reamqse\ger e added
ih racsﬁfgmm@tchna Rea@lidiGlerSicttert Rfonften R 6 nBAVARSeactions
'site. Cleavage of this reporter substrate produces an

wafe thendrcubpted o X sleatse £rforthe findicatad timeyThaprogactyvere subjected to
%%PQI aﬁ)%wemgg#&&%m'd%&h&” Exanpl e 1 DNA and RNA

atron was | solated from nouse |ive
using standard nethod. Total RNA was isolated from

t hynu d B nt _
CEbR GRS el uriie i e, Rl meoliy A higrmouse beta-
aBtih ¥érd) fronRbévh \aisoniit DNA @ &RNW‘ Sﬁm e @Jﬁtélﬂhéhn%ﬁﬁlRNA
using a MRNA isol ation kit onucl eotid

WBRUEn A AT} b A THFRR 1105 PP GRS §24udhe double sttanded end
p'?@&u%t @a?ntHerHe%@t@? é@%@lplr{, hidE SRER e efPProlifkt i &en 60 min.

pro
&am@s&mmm@rff@m@mﬁm BREICs éf"BfB(deE@Tlﬁ'n

(Fe Tl bl Rt ai B S 3ub e elion Eiue B Dpemiara.

41) recognition sites and the underlined nucl eotides
d) are tenplate sequences.

dr?S Ease of 3
o fah PR pﬁargget Waagfidempk‘?ﬁ%gés a DRVAZymepY gl es detected
b$’ caﬁﬂ@ﬁﬁ@%ﬁstra@“@ 1gS Y lP)StI'ﬁ@b?\I/P E@ﬁle ﬁ&%@a}%m?m reporter

chi meri ¢ ol 1 gonucleoti de
spbpirateg werhidn seontdin lﬂmemw l@smmteoxeyfetgyortws@r nﬂuorophores

ngok t |de 7.and. the q
élcj-:ﬁ%y@té%iohe%ﬁ] f)g!%%n%g enyllﬂgéz 0) beeﬁ%a&e Sie &E(a%(ﬂrﬁ]“ﬁ deporter
subratrateooducechnaincrase irefidrekeeddd that gindibative vt succkdsfhl CELA.
reaction conditions were as follows: 50 nM potassi um
phosphate, pH 7.6, 7.5 M MCl12, 8%l ycerol, 0.1
Exghple SA, 1000nM ART probe, 200 nM each dATP, dCTP,

Oligonucleotide probes: An ART probe, a helper primer and its target sequence are -
illustrated on a map in Fig. 13. ART probe SNP-G, which corresponds to C allele of p450°
target gene, has a sequence of 5’
CCGGAGACGTCGTTGTAGCTAGCCTGCGTCAGGATGCAGCAGCTTsTsCTTGA
AGAGCAAACCGGAGACGTCGTTGp 3°. ART probe SNP-A, which corresponds to T
allele of p450 target gene, has a sequence of 5°
CCGGAGACGTCGTTGTAGCTAGCCTGCGTCAGGATGCAGCAGCTTSTsCTTAA
AGAGCAAACCGGAGACGTCGTTGp 3°. Synthetic target oligos are: TARGET-C has
a sequence of 5’

CCGGTTTGCTCTTCAAGAAAGCTGTGCCCCAGAACACCAGAGp 3’; TARGET-G



dGIP and dTTP, 100 units Hincll restriction enzyne

(New Engl and Bi ol abs), 1 unit exo- Kl enow (New Engl and
waizad4za8905 0.1 unit RNase H (G bco BRL) and t heCT/GB2003/004794

i ndicated anounts of nobuse MRNA. For each sanple all

reagents except H ncll, Kl eapw and WO 2004/ 059005

PCT/ GB2003/ 004794 43 RNase H were assenbled in a

m crocentrifuge tube and the sanple was heated at 70
hadege@ente 603 3 nin and then equilibrated at room

I T Gy s R e

pififr s gis&%ueﬂbeotﬁe ATOTOGTGTEC BGGET A mreha e d satende
degree Ctor the indicated tinme., The products were

phnsphaethingte linkages [P etepiesantsph GPesphateor f| uor escence
detection. CELA experinents were performed using the
same ART probe targeting nouse beta- actin gene from
CEDAhemtion ndmdihiv veenelasnirionys: S8 mpVl pstasowm athg@te,aﬂrbT@ 7.5 mM

NA e .

MR St B ERE IR ab0uN A5 St ool 48 Shre; o,

dGap gﬁ&gm,esetlms Fok g%smijbmbn @gszlme lt‘teevs Engluel Biotabsid & anie -
roauc IS seen I n m n. S con 1 Nl

P RANeHEshod Miglabs, WRAANMHREReR BRI e e g of

. ' Fi 28) Foll | ' re

DR T R roToen d0bhl m Rpanseg el ik e

asadbled ddaoticrocesirifygestube andribreshmpld wetieated af 85 degriasz ¢l
whi det d b talyzi , (Ei
o485 R N Bl RAR IR R B e

asdRatIoat asrabit atroomnt@paratiitelfor £adieThe resesanaverethem grcglated
rated on. ejther .s

transfer_fluorophores = incorpo jde of .
o3 s ot e odiged e, Themeliba s sbircled i) Blegirophoresis
O§Hm.ggcgﬁc%cﬁ{e?gmes an increase in fluorescence that is

I ndicative of successful CELA. Exanple 2

A i gonucl eoti de probes: An ART probe, a hel per primer

nd it ar [ 1,04

AR, SEOVSIERy S\ R g
hambslgeundt (AR oftagrige erpdoais, Wassused BeCtleh expapiinedis. Gel

CCGGAGACGT CGT TGTACCT Al CACGGAT TSCTTGA .
R GARAC AR ST OEF g S0 AP SBCP U e sing
50 AE L&RIAAL @%I%.@p&iﬁaiw Rieh&fedtaTRIN eabtide dRl ndiascu@ when

sequence o ' :
eithe(ﬂ DNA template or helper primer or Fok I or, Klenow was absent in reactions.
Synthetic target oligonucleotides were used for sensitivity test, and CELA was able to
detect as little as 0.1 amol target in 3 hour reaction. SNP genotyping reactions showed

that allele specific probes only reacted with their corresponding targets.
Example 3

Oligonucleotide probes: An ART probe and its target sequence are illustrated in Fig, 14.
ART-T7 has a sequence of 5’
GCCGTAACGGCCGTACCTATAGTGAGTCGTATTAAGCCGGCTTTGCACsAsUsG
sCsCsGsGCAAUGCCGp 3’. The 15 nucleotides at 3’ end (between 49 to 63) are RNA



CCGGAGACGT CGTTGTAGCTAGCCT GCGT CAGGATGCAGCAGCT TS TSCTTAA
AGAGCAAACCCGAGACGTCGITGp 3'. Synthetic target oligos
wanew/FNRSET- C has a sequence of 5' PCT/GB2003/004794

CCGGTTTGCTCTTCAAGAAAGCTGTGCCCCAGAACACCAGAGy 3';

TARGET- G WD 2004/ 059005 PCT/&B2003/ 004794 44 has a
sequence of 5'
CCGGTTTGCTCTTTAAGAAAGCTGTGCCCCAGAACACCAGAGD 3'. " The
nbgkdREs. M@llmhclbﬁﬁleélbéﬁ@élﬁmﬁ 3(3f1s $7 RNA polymerase promoter
CTCTGGIGITCT s"
smw@h%kﬁw@&%dmﬁﬂag@é angs§’ erl@fﬁréé@ml%tewwﬁé%ﬁa@eé The
a?gét%oﬂhﬁl%ﬁﬁehtﬁg/ S;i%?&‘&i fehnse Wak Set@v%erf g2 do%’%mcl@@tldé‘é’hs’ denote
pot asst um phosphate, "pH 7.6,
phemhyrothiaits litkage. 1fg! repreBSns 3 Jzih@&}lhmeART pr obe 200, nM-
each dATP, dCTP, dGIP and dTTP, 50 units Fok I
restriction enzyne (New Engl and Biol abs), 1 unit exo-
ORLenewtohevshdngisande B fllaks)1x txbﬂscl@ﬂﬂr&/bmlpHIOOﬁMi ART probe,
and the indicated anmou dé?{ s _of uman r target 5
SotM grsd dAAdy de AR GHRpAA TR, ”ﬁé\égéfr‘ik%T% pOTRRd TP, 200
R L M LSPGO Ro | KR aN Biotas)
ancbwarsmgﬁmomml of ﬂamt thm Fotagh esabpde alk rragantseaxpent §t7lRIéA

grﬁ‘n%r 5‘%&19,{3 q—EQ/ere%ns%ﬁt])?e%% Egrpéromlir?fu*g e{ugo% Ad the
enrpera ure € reacti ons wve
shfigld bak aehtedadt 78 Zlegire@ Cder I}niroamdttm eqndibceaetced rdScbm‘r&’,mp'El’mlre

roducts were ected to el ect r ophor esi
Tﬁﬁl&%@&%weré adifffgew TERFUONg ‘ﬁ RHRIQNL F@turwﬁqrenn\naghe

réh%ﬁé/ﬂs%é bhe@NPu%é@&tlBﬁ%@%r@é’ nglgtﬁé ma%,tatbl@dm@n @hé Broducts ere
a gene | ocus, waS use

onobzygous a ele o
S‘#bje@{mgéb@i@tﬁon@f@iss Ol@lomsé‘?né@ﬂﬂéﬂim@r esis was able to
detect the double stranded end products at 30 m n when
using 50 ng genonic DNA. Specificity test showed that
ToEL AonesRINA oves uslédjasnempleuemu CEWAerxper@hdrite Reﬁﬁﬂl& shmmi thdte
%gﬁlrlmﬂor or, Kenor@ t in d

Pegfse %ﬁvﬂqﬁw}?e& mown%l S Bh ers? g ipgpan
duB@ed faBtet RRIASInt1i n4l thial RRSEsartd CELA was abl e to
detect as little as 0.1 anol target in 3 hour

reacti on. SNP genotyping reactions showed that allele
ESR&6lfsi ¢ probes only reacted with their correspondi ng
targets.

Oligonucleotide probes: Circular ART probe was made by hybridization between linear
oligonucleotide having a sequence 5’
pGGATGCAGCAGCTTsTsC'TTGAAGAGCAAACCGGAGACGTCGTTGTAGCTAG
CCTGCGTCA

’, and a helper primer having a sequence 5’
CTCTGGTGTTCTGGGGCACTGCATCCTGACGCAGAAp 3’, and hgatlon All other

oligonucleotides are the same as described in Example 2.



Exanpl e 3 A igonucl eoti de probes: An ART probe and its

target sequence are illustrated in Fig. 14. ART-T7
waaso4pssmeguence of 5' PCT/GB2003/004794

GCCGTAACGECCGTACCTATAGT GAGTCGTATTAAGCCGECTTTGCACS AsUs G

SCsCsGsGCAAUGCCGp Y. The 15,pucl eotides at 3' end

(between 49 to 63) are RNA 2004/ 059005

PCT/ GB2003/ 004794 45 nucl eoti des. The 18 nucl eoti des

CherveRMod BorfdRiods wefe at desNDeP R BRIHRSE aﬁd{ SifRfaéxperiments were
sequence. The 15 nucl eotides at both and 5' .ends

pexfasmed e sueseisdr CGESA roaciipan vers, mqm@redtlaggl@dectmphoresw and in
sequence is at between 34 to 55
re%wégﬁag&ﬂ ¥ﬂg&é§é:hrggtée phosphor ot hi oate |inkage. "p"
represents 3' phosphate. CELA reaction conditions were
as follows: |Ix transcription buffer, 1000nM ART probe,
5 uM each dATP, dCTP, dGIP and dTTP, 2 nM each ATP,
URIER d&Ehed dRrbIEE), alPRhni¢tNiahg sdiéntVchfd WI¥BIREE Bavle the same

uniits RNase H | unit exo-Kl enow (New Engl and Bi ol abs),
MEHUNSS 3%y SN WAdersieed b3t of R iIFdie ahdn vdushorhe dislosed
c Y.
T R T
desenilpsidehaneis dag dicenbedtin e peagtiew oCtdsting 3f rihen preseht tivemmtion, the

ui li brated,at ro rature n wer e .
prSited D S ctedioet, 0 AL A 8 feseglbi o PR R SF G herein
ar® héfieBy inthPoratedagiréforRfcarer e t hen incubated at 37 degree

C for the indicated tinme. The products were subjected

to gel electrophoresis or fl'uorescence detection.
e o R oy PP ~efleinbsE S rore ey routine
expevmentaigonymany eduivadentsso mleerﬂpsmﬁe embodimentsl eﬂthe rmventlon

| and detected target RNA in 1 ng total RNA

dessgr?r%ce?j hg&%’(arrpl e 4 digonucl eotide probes: Circular ART

probe was made by hybri di zati on between |i near

ol i gonucl eoti de having a sequence 5'

p GGATGCAGCAGCT Ts Ts CTTGAAGAGCAAACCGGAGACGTCGTTGTAGCTAG

CCTGCGTCA



3", and a hel per primer having a sequence 5
CTCTGGTGI TCTGGEGECACTGCATCCTGACGCAGAAp 3", and
woigatasgns All ot her ol i gonucl eotides are thepem2/004794
descri bed in Exanple 2. WD 2004/ 059005
PCT/ GB2003/ 004794 46 CELA greaction conditions were as
described in Exanple 2, and simlar experinments were
performed. The successful CELA reactions were
CiifpRi tored in gel electrophoresis and in real tine
detection of fluorescence. Unless defined otherw se,
all technical and scientific terns used herein have
.Jreani ngs as commonly under st ood by one of
W%E%(lqﬁﬁﬁdfﬁ art to which the disclosed invention
bel ongs. Although any nmethods and materials simlar or

e ui val e o0 those her .

L R el iy BOes g i oy SRRRTar R robfis
p&[cﬁf heReh s P@G&corﬁiﬁl@h@ﬁ&r%ﬁ &fthr@tlpsrtidh Semplate portion,
descri bed. Al ublication cited herein are hereby

i aiéwme@n@anwnnép@mém@th orEuEK’ and SEPCk RORRE. ar t
will recognize, or be able to ascertain using no nore
than routine experinentation, many equi valents to the

2. s@@mtfelacccedMQm cteint & vdfereithenid sivgntianded oepsetidliyaiguble
Vﬁr e(lin (ﬁ 59&90501 %:l'l'/ GB2003/ 004794 47 d ai ns

Eig erdsnuc? éci Sjigear roigtia probe nol ecul e conpri si ng

single stranded or partially double stranded nucleic
aci d, wher robe, conpr.i si

3. c/émbé@ﬁm@mg %@m rivhefed n@flggl ﬁgaﬁdsﬁogpaatealﬁya&gweone

e&é}{%ﬂﬂe‘lé‘&d’ﬁ%hﬂﬁﬁm%éﬁ or VV'thOUt 3' end bl ock
portion. 2. A probe according to claim1l1, wherein said

single stranded or partially double stranded nucleic

4, a‘gl V\%be agco'rgﬁ]lglg'io dg,?l N gl%h%reté %aﬁ@e %?%ct fgfp%?tﬁn@g dﬁ 8%% aaRImA

smﬂﬁﬁdeﬂqnumbmtc acid is circular nDIecuIe

5. A probe according to claim 1, wherein said enzyme acting portions comprise RNase

H acting sequences.

6. A probe according to claim 1, wherein said enzyme acting portions comprise a
nuclease digestion site, wherein said nuclease digestion site support digesting

opposite strand of said probe when double stranded. -

7. A probe according to claim 6, wherein said enzyme acting portions comprise the
combination of the RNase H acting sequences and the RNA polymerase promoter or
the combination of the RNase H acting sequences and said nuclease digestion sites or
the combination of said nuclease digestion sites and the RNA polymerase promoter or

the combination of more than one of said nuclease digestion sites.



4. A probe according to claim1, wherein said enzyne
acting portions conprise a RNA pol ynerase pronoter.
W6 2004/09900be according to claim1, wherein sai dPENGBIB03/004794
acting portions conprise RNase H acting sequences. 6.
A probe according to claimJjg wherein said enzynme
acting portions conprise a nuclease digestion site,
wherei n said nucl ease digestion site support digesting
8.0ppmsebé scstdirgrtd claim §awhkrgin clid nublease digekxlcm siit campless 7.

A pro acco claime6, where . enz
RS SRt e A o SR b AT fclease
HcREVAgE dn® B8 WHPSRS uARedifibestRNA iPRh TR R RaPignot er  or
t he conbinati on of the RNase H acting sequences and
sald nucl ease digestion sites or the conbination of
[ ase

N S S A S
nphd)sphsnetlmay@hnkagw, sites. WD 2004/ 059005
PCT/ GB2003/ 004794 48 8. A probe according to claim6,
wherein sai d nucl ease digestion site conprises

10mdprbbestbebidilgantciatie 5, whidrein @i naeledbe diggstoni saBs GIniRisen
the probe is resistant to nucl ease, cleavage and the

0 bﬁ?g’sﬁ“ﬁé SRRy TEHIHANEHE N TeeRNan spauenes @d@aﬁ}%é"e site.
9. A probe according to claim8, wherein said nodified
nucl eoti des conprise phosphorothioate |inkages, 10. A
1lpAotyebaancorditigrtg claom d0.avherdn saith eastrictios siteccompeisesastype I1S
AT conprlse restriction site having a
rg%ﬁpkgge%ﬂml yne recogniti on sequence and a cl eavage
site. 11. A probe according to claim10, wherein said
jction,site conprises type 1S restriction
E\zlgf e Aeprgdingto clajin Efdﬂ@r% @Breazsﬁ@e ggpvageiigof gaid type I1S
WhRtrRkiBn §iReis BSba%a®n @Ar%%@ﬂﬁleﬁﬂeﬁﬁnﬁforﬁﬁ' d type I1S
restriction site is |ocated on target conpl ementary
portion. 13. A probe according to claim 12, wherein
[ Ket ] . .
155 Bt ol b BRIk 2 R DY B TR B e cleavage e
medrhasbatds oma AN@|séatrndationmusiebtiids, mgthykitibenucleotide or splicing

site.
14. A probe according to claim 11, wherein said type IIS restriction site is the Fok I site.

15. A probe according to claim 1, comprising helper primer(s), wherein said helper
primer comprises at least one portion complementary or substantially complementary

to a part of said probe.

16. A probe according to claim 15, wherein said helper primer comprises a 3’ end
blocking moiety, whereby the 3’ end of said helper primer is not extendible by a
DNA polymerase.



14. A probe according to claim 11, wherein said type

IS restriction site is the Fok | site. 15. A probe
waceowroddang to claim 1, conprising hel per pri mePCs)GB2003/004794

wherein said hel per priner conprises at |east one

portion conplenentary or subgtantially conplenentary

to a part of said probe. 16." A probe according to

cl ai m 15, wherein said hel per primer conprises a 3'

1?")3Qpro'8e REdskdige R AL, WHEEIR R¥idhBReBprimitdiond n@bfprise a 3° end
hel per priner is not ext endi bl e by a DNA pol ynerase.

blas g /mos e osheeby tapd omd 0b erid b@iperngmler is %tqs\d%eby a DNA
% thg to claim15, wherein said hel per prinmer does
t-conprise a 3' end blocking noiety, whereby the 3'
end of said helper prinmer is extendi ble by a DNA
o| rise. be, accor. ein
1E2) HoREpGHRE RSB S8 i LEDen Suer T Seiianiy
t Qotnl ﬁenﬁ:ﬂ?aym tRCérizDBhe ﬂ&[righ)@ﬂ(o‘ﬁls) Wifhlbr Qﬁth%ﬁﬂuﬁumg sequences or
flan sequences or part. of the enzyne ac

pde P%ﬂ thy ewrr@aﬁcang)p%@ﬂ@)\m’ﬁémévsgph%ywhqr@hYzlai»rlélﬁaﬂon etween
b | % d
By s Ll G
deuphtiady darbesttand@l. A probe according to cl ai m 15,
wherein said hel per priner conprises 3' end sequence
conpl enentary to a sequence 3' to one of the enzyne

194 pidBe POEdiAND MimSI3| Wheeiaksid he@a@ne prin@r ohPrieeEoEat fguence
to claim15, wherein sald hel prinmer. further

c@ﬁﬁlpleeeet%weqeqwﬁeﬁ dAene alrt 5 ewme&ﬁfc% poriipiis o sHd prpde-

target region(s) conplenentary to said hel per priner

i s adj acent or substantially adjacent to the target
20.¢gprone empdtw@mlaamyl 5t wheseingaid pelppeprimar, futhqs cotyprises target

Al L

V\hﬂﬂlh&k‘ ts ddjerttar gﬁistame@jlycudmemm theentarygidrocaaplemanapeo said
| ocated in the mddle of the target regions

c ementary to said helper priner and is adjacent

or substantially adjacent to the target regions

conpl ementary to said hel per priner.
21. A probe according to claim 20, wherein said helper primer comprises 3° and 5 target

complementary portions, wherein the target region complementary to said probe is
located in the middle of the target regions complementary to said helper primer and is
adjacent or substantially adjacent to the target regions complementary to said helper

primer.

o
o

. A probe according to claim 1, wherein said target complementary portion comprises
sequence complementary or substantially complementary to a target region of
interest, whereby said target complementary portion of said probe hybridiies to said
target region of interest and becomes double stranded, whereby one or more than one

or part of the enzyme acting portion(s) of said probe is partially or fully functional.



22. A probe according to claim1, wherein said target
conpl enmentary portion conprises sequence
woan@lsymeat ary or substantially conpl enmentary POTAB2003/004794
target region of interest, whereby said target
conpl enmentary portion of said probe hybridizes to said
target region of interest a becones doubl e stranded,
wher eby one or nore than one or part of the enzyne
2R hidBe RABEI YO $1aiR 11, RAédinRERRA AN ma%gadﬁw(sgrsaiﬁ Wbt
functional . 2004/ 059005 PCT/E%ZOOS/. 4794 "50 23. A
proinpleaesiarydianion mdepiditemplatepeioafsh oEsaidiprehe gyaslap eeghrpgher
parti.on id.t . ntary portion and
sé¥b“%%%%%8?§%68PF@%ﬁ?£Th§ﬁﬂ§%§§?probe overl ap each
ot her or have one portion enbedded in other portions.

4. A probe according to claiml, wherein said.target .
28 dhpoBR OIS B BB A2 COBRA IR BEb i i or said
PRALNAYclihg PREOAK) SRIVE shi iehpRkte F_B@ibh(spm(‘éi)d [bbS@inthrise
probe conprise nodified nucleotides, whereby nodified
nueddéfad neelsotides, whesebstraprifieonuslpofidesee regisieniiaguclesss. A
p%%gag%gcording to claim1, wherein said target
conpl énentary portion and/or said enzyne acting
portion(s) and/or said tenplate portion(s) of said

robe conprj.se hi meric RNA and DNA.  26. A probe .
24 L BPRF RGOIPEP 4141 1, “RiEPerid R EOTRIGIRD BPieT gior said
C QAR SR tihMPortioRE) arkiddr saidkerfifiae pyrtiod@NbT R&l proBOtRiERSs ,
whi ch are separated by at | east one enzynme acting
p@*ltm%w.m‘éﬁ??“‘}@b%be according to claim26, wherein
said at | ease one enzynme acting portion conprises RNA
pol ymerase pronoter. 28. A probe according to claim
266\ pwhe reordingiodiam 1, whereingaid tempkiswortioms ngpasettivo mdentical

conprises restriction enzynme site . r.obe. .
BB BT er e S, M RREFEeS iy fitan P W actpe
prpekion. wherein said circul ar probe conprises one

tenpl ate portion. 30. A probe according to claim1,
wherein said probe conprises a catalytically inactive

2R hRBOIQ ORISR PBRhAER Rhiday 1ehR oAe BNANREEMABpdrion
any place of the circular
comprises RNA polymerase promoter.

28. A probe according to claim 26, wherein said at lease one enzyme acting portion

comprises restriction enzyme site.

29. A probe according to claim 3, wherein said probe is circular probe, whetein said

circular probe comprises one template portion.

30. A probe according to claim 1, wherein said probe comprises a catalytically inactive
antisense sequence complementary to a DNA enzyme in any place of the circular
probe or within the 5’ template portion with or without surrounding portion sequences

of the linear probe.



probe or within the 5 tenplate portion with or

W t hout surroundi ng portion sequences of the linear
wonrok®s90 2004/ 059005 PCT/ GB2003/ 004794 51 3RCTASB2003/004794

probe according to claim 30, wherein said DNA enzyne

is 10-23 DNAzyne. 32. A p%gbe according to cl ai m 30,

wherein said DNA enzyne is "8-17 DNAzyne. 33. A probe

according to claim1, wherein said 3' end bl ock

PRLE IR cdidif S RUIAR 300 RSy said QA RRYyrie isQOLIAINA Bgne.
31ﬁ$8ggggg&%%ﬁ°§g¥éﬁﬁ%ble byéngNA po%?nerase. 34.%?
probe according to claim1, wherein any end of said

probe and/ or hel per, priner. i t QN Li
324 B aosgne W oiBF A e e B RAAENE 30 R R e
acid sequence or nmultiple target nucleic acid
sequences of interest in.,a sapple, the t ho e
330D GERITERID S0 T 8 S IR PRG OB UHEEY mpieos
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doubl e stranded, whereby one or nore than one or part
of the enzynme acting portion(s) of said probe is
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(b) causing all enzyme acting portions of said probes double stranded and fully
functional;

(c) treating said probes containing double stranded enzyme acting portion(s) so as to
produce the single stranded end product (SSEP);

(d) annealing said SSEP to free probes and causing all enzyme acting portions of said
probes double stranded and fully functional;

(e) repeating steps (c) and (d), whereby said probes are converted to double stranded or
partially double stranded form, and multiple copies of said SSEP are produced
repeatedly; and ., ’

(f) detecting directly or indirgctly the end products so produced: double stranded end

product, SSEP and pyrophosphate (PPi).



product, SSEP and pyrophosphate (PPi). WO 2004/ 059005
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wGa3po4mkennei n said nmethod is perforned in a si ngC®GB2003/004794

reaction or in separated reactions. 37. A nethod

according to claim35, whergin said target nucleic

acid is RNA and said step (%) causes one of the

enzyme acting portion, the RNase H digesting sites,
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40. A method according to claim 35, wherein one of said enzyme acting portions is

restriction site and is located on the target complementary portion of said probe, said
step (a) causes said restriction site double stranded and fully functional, wherein said
step (b) comprises: digesting opposite strand of said probes on said restriction site by
a restriction enzyme, and extending the 3’ end of the digested strand using said probe
as template by a DNA polymerase, whereby all other enzyme acting portions on said

probes become double stranded and functional.

41. A method according to claim 40, wherein said extending the 3’ end of the digested
strand further comprises strand displacing by said DNA polymerase or other strand

displacement factors.



53 42. A nmethod according to claim40, wherein said

ot her enzyne acting portions on said probes conprise
woesdrosews on site or RNA pol ynerase pronoter oPCDHE2003/004794

restriction site and RNA pol ynerase pronoter. 43. A

nmet hod according to claim4Q, wherein said restriction

site is the only enzyne acling portion on said probe.

44. A nethod according to claim35, wherein one of
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sai d probes and causing said recognition sequence of
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sequence of said helper priner to a sequence 3' to

said type IS res rlctlo reco niti guence and
453 BAPR OIS i e URTEnca g lPa o FBrmeps rfaid probes

b)én@c QQiH%E?)"gﬁiﬁgn WShEbe SREAd Bipe P8 rasridtRARIt@tsuble stranded
wher eby gouble Stranded reco n|t|on sequence of said

t ppeptises anasatingseid dalpst pringrs dirgedly hpspid Pipe HEgestinigp grzyme

P?%Eﬁ%&? %qggrf]‘cg%th aithout flanking sequences whereby double stranded

recognition sequence of said type IIS restriction site is formed.

46. A method according to claim 44, wherein said annealing helper primers to said
prbbes and causing said recognition sequence of said type IIS restriction site double
stranded comprises: annealing the 3’ end sequence of said helper primer to a
sequence 3’ to said type IIS restriction recognition sequence and extending the 3’ end
sequence of said helper primer by a DNA polymerase using said probe as template,
whereby double stranded recognition sequence of said type IIS restriction site is

formed.



47. A nethod according to claim35, wherein in said

step (a) the target conplenentary portions of said
wonrokasodoybri di ze to free 3' end(s) of the targer/GB2003/004794

sequence(s), said step (b) conprises: extending said

free 3' end(s) of the targetygequence(s) by a DNA

pol ynerase using said probes as tenpl ates, whereby

ot her enzynme acting portions on said probes becone
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1. A method according to claim 35, wherein said enzyme acting portions of said probe
comprise both restriction site and RNA polymerase promoter, said step (c) comprises:
digesting opposite strands of said probes on saidvrestriction site by a restriction
enzyme, extending the 3’ end of digested strands by a DNA polymerase, repeating
said digesting and said extending, whereby multiple copies of SSEP DNA are
produced, and repeated transcription by the RNA polymerase acting on said RNA
polymerase promoter, whereby multiple copies of SSEP RNA are produced.



di spl acenent factors 53. A nethod according to claim
35, wherein said SSEP are DNA nol ecul es or RNA
woubemddms or both DNA and RNA nol ecul es, sai dPeTaB20@)004794
conprises: annealing said SSEP to sequence portions
of free probes and extending the 3' ends of said SSEP
using said fee probes as temnpl ates, whereby all enzyne
acting portions of said probes becone doubl e stranded
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stranded and functional.

56. A method according to claim 35, wherein said template portions comprise antisense
DNA enzyme, said method produces multiple copies of single stranded functional
sense DNA enzyme, said step (f) of detecting single stranded end product comprises:
including a RNA or DNA-RNA chimeric reporter substrate in the reaction, wherein
said RNA or DNA-RNA chimeric reporter substrate comprises fluorescence
resonance energy transfer fluorophores incorporated on either side of a DNAzyme
cleavage site, cleaving said reporter substrate by sense DNA enzyme, whereby |

cleavage of said reporter substrate produces an increase in fluorescence signal.



hel per prinmers, said detection substrate, said
restriction enzynes, said RNA polynerase, said RNase
wol20sasehoPNA pol yrer ase, buffers, dNTPs, NTPs. PCT/GB2003/004794

56

57. A kit for use in detecting a target nucleic acid sequence or multiple target nucleic acid
sequences of interest in a sample, said kit comprising: said a set or sets of probes, said
helper primers, said detection substrate, said restriction enzymes, said RNA
polymerase, said RNase H, said DNA polymerase, buffers, dNTPs, NTPs.



