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The present invention relates to the detection of a target nucleic acid sequence

by a PTOCE (PTO Cleavage and Extension) assay.

10 DESCRIPTION OF THE RELATED ART

DNA hybridization is a fundamental process in molecular biology and is affected
by ionic strength, base composition, length of fragment to which the nucleic acid has
been reduced, the degree of mismatching, and the presence of denaturing agents.
DNA hybridization-based technologies would be a very useful tool in specific nucleic

15 acid sequence determination and clearly be valuable in clinical diagnosis, genetic
research, and forensic laboratory analysis.

However, the conventional methods and processes depending mostly on
hybridization are very likely to produce false positive results due to non-specific
hybridization between probes and non-target sequences. Therefore, there remain

20  problems to be solved for improving their reliability.

Besides probe hybridization processes, several approaches using additional
enzymatic reactions, for example, TagMan™ probe method, have been suggested.

In TagMan™ probe method, the labeled probe hybridized with a target nucleic

25  DNA polymerase, generating a signal indicating the presence of a target sequence
(U.S. Pat. Nos. 5,210,015, 5,538,848 and 6,326,145). The TagMan™ probe method
suggests two approaches for signal generation: polymerization-dependent cleavage
and polymerization-independent cleavage. In polymerization-dependent cleavage,

extension of the upstream primer must occur before a nucleic acid polymerase
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25DNA pol ynerase, generating a signal indicating the presence of a target
sequence (U.S. Pat. Nos. 5,210,015, 5,538,848 and 6, 326, 145). The TagManTm
probe nmetWoIRNYGEdt s two approaches for signal gener at POR/KR2012/000287

pol ymeri zati on- dependent cl eavage and pol yneri zati on-i ndependent cl eavage.
I n pol yneri zati on-dependent cl eavage, extension of the upstream primer nust
occur before a nucleic acid polynerase encounters the 5 -end of the

| abel ed probe. As the extension reaction continues, the polynerase

progr essi VelchukteRAMRSS IRB o7 the€heRld prbBe.! Bk tdtsRAEeattibn continues, the

pol yneri zati on- i ndependent cl eavage, the upstream primer and the [ abel ed
probe are pyanedsE pebgredsively dicavgethenbedneli of theilabeled)pribecIn polghmedzatiopnoxi mty
such that binding of the nucleic acid 5 polynerase to the 3'-end of the
upst r eam pindepandpott dedavage, rthe opstzeam primier and tis: labeled pfoberase hylyidized Witbbe t o
rel ease the label. |In addition, the TagNhnrn1probe et hod &Jscloses_ hat

the | abel e?'3Beiyaicgic peid seaueprr)imeQsenRoxmity.sugh thatinding elthelpsieicRdtbl e
ith a t t i,s. al | dto f f t L sipg.th
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having a Syl Bhbied Q5if6d 99 BRASE P R NP Bl libh, AHATIMarT PIGEL Sndifiod?! eaved
by 5 nuclease to release a fragment conprising the 5 -tail region.

For i nst angigglodds ShatPie- laded Brdb8 lat ik25 dindChRFRSa &'-eliloRye enctthiybedizibie t 0 be

digested by 5 nuclease activity of DNA pol ynmerase. The cl eavage structure
i s exenpl iwitled tangetvbequienemis alsogiraved toforme tagmentsomyrising 'thebtiail cegion.
non-conpl enentary to 15 and a 3' portion conplenentary to a tenplate is
hybri di zed wi t Ahengehavenbeesn: eeparad emep Brethags iB] Wijeh e Pebei byinds a el di zed

ith the t | ate i I imty. Th | tyuct ' I db
DA ol mefe8i98 TihompRmeniad 18 2 @raet seaHess i st Y ScMERGR 4P yRIERSSS wi ¢
d d | LV Qi t he 5' ti - I t t
he t ompl pastiod ottt e SRl BRRET | 0% o Ry br i di Zod with 2oan

ol i gonucl eot i dgohtdtge 2UNRI PRI NoStS, 65 142 dlsBlobéd B Aedvh§a \sBeURtuPd BT €,
t her eby i nducing progressive cl eavage reactions to detecCt a target

sequence. digested By. 8! nidaleasd\Nactivity3 8, CNIY phiydtdrastesThe jeleavafes stroctuhe ¢ t he
cl eavage structure having the upstream oli gonucl eotide with bl ocked 3'-end
i s cl eavedexenpiified in which an'oligonucleotide ¢orising & Sppartion ben-geriplementasy tased 5'
flap region is _detected by size analysis or interactive
15 and a 3’ portion complementary to a template is hybridized with the template and an
upstream oligonucleotide is hybridized with the template in close proximity. The
cleavage structure is cleaved by DNA polymerase having 5’ nuclease activity or
modified DNA polymerase with reduced synthetic activity to release the 5’ portion
non-complementary to the template. The released 5’ portion is then hybridized with
20 an oligonucleotide having a hairpin structure to form a cleavage structure, thereby
inducing progressive cleavage reactions to detect a target sequence.

U.S. Pat. No. 7,381,532 discloses a process in which the_ cleavage structure

having the upstream oligonucleotide with blocked 3'-end is cleaved by DNA

25 5’ flap region and the released 5’ flap region is detected by size analysis or interactive
dual label. U.S. Pat. No 6,893,819 discloses that detectable released flaps are
produced by a nucleic acid synthesis dependent, flap-mediated sequential
amplification method. In this method, a released flap from a first cleavage structure

cleaves, in a nucleic acid synthesis dependent manner, a second cleavage structure to
2



dual label. U S Pat. No 6,893,819 discloses that detectable rel eased fl aps
are produced by a nucleic acid synthesis dependent, flap-nedi ated
sequent i avoana9bi2aati on nethod. In this nethod, a rel eREEEKKW0ERNPIGM a
first cleavage structure cleaves, in a nucleic acid synthesis dependent
manner, a second cl eavage structure to release a flap fromthe second

cl eavage structure and the rel ease flaps are detected. By
hybri di zati on of fluorescence-I|abeled probes in a liquid phase, a plurality
of target RUGLELGaPFidth BRUELESESciRYe REuGLAAIPIMRIEIREE TipsQpé Btebt@dNy even
a single type of a fluorescent |abel by nelting curve anal ysis. However,

t he conventi on@ly hybridieationodfafyiopsscémue-ldisdled probas @rf atliquideihaseoa pheaity by 5'
nucl ease- nedi ated cl eavage of interactive-dual |abel ed probes require

di f ferent taygatsnusleid haidrseqeandes Imdyebe sinultadedusty defiectedrysing evaquarsingie i n

mul tiplex target detection, which limts the nunber of target sequences to
be det ect e®PEURE @ duorescenit laBel BY melting ypeer 263lySisy pdawayer f thgoFXWERNRNA| abel s.

. S. . in. b - di scl , i hod
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nucl 1 2k SRRURNSE AR 1AL qfchy BBS, RGBSt LBl

hybri di zeddiffereht tdigett SecEiehceSaf URMEFlek Sargbe auRetid) WGt ASRs @hd hasenbf after
whi ch the fragnment is then hybridized with the 15 capture probe to detect

t he presentaegaf sdquendesr tpetbes defieetededud rtot limiatioet lobdthe i humisernef dgsasr vf t hat
an uncl eaved/intact probe is not hybridized with the capture probe. For
t hat, the Rugseseeet Igbelpe having a shorter length has to be i nmobilized onto
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sequence, QU ebRdeARhy hVHﬂidiidgibﬁ drad g:%bttﬁ@%‘r'@d&l@%laﬂef‘ i?pbdititHed HIa/E nBR on a

solid phase by not only hybridization but also enzymatic reactions such as
5' nucl eol genmplerheftaiy §Mpdrtiord THe! labéled pesbiectbridized iwalh theatachet spgutige iid| e
manner. --tose - sea asl!Il 11" 111111111 I-11 25l abels (particularly,

f | uor escentledvatdabgklense alfsagment dafteriwhicththeafragment is thén bylyidized with the
application, various patents and publications are referenced and cjitations
are prbvi deprg prebe @ 19etest therpeesancecpiothgr l@raat seguencepn s dnethed, it is

PADLT a1 Okt 5 eS8 By B RRL  phES Fr 0
state of tfg Akl dBripfdbe! Rivind 3'RBIECRAGET h& 5 be FHHMUYBIRYed Bntb i shRVENT! ON
substrate. However, such a limitation results in lower efficiency of hybridization on a
solid substrate and also in difficulties in optimization of reaction conditions.
20 Therefore, there remain long-felt needs in the art to develop novel approaches
for detection of a target sequence, preferably multiple target sequences, in a liquid

phase and on a solid phase by not only hybridization but also enzymatic reactions

such as 5’ nucleolytic reaction in a more convenient, reliable and reproducible manner.

25  labels (particularly, fluorescent labels) is also needed in the art.

Throughout this application, various patents and publications are referenced
and citations are provided in parentheses. The disclosure of these patents and

publications in their entities are hereby incorporated by references into this
3



5The present inventors have nmade intensive researches to devel op novel
approaches to detect target sequences with nore inproved accuracy and
conveni erlO,2012M9¢23al ia, in a nultiplex manner. As a rePCKR2ME/9628E
establ i shed novel protocols for detection of target sequences, in which
target detection is acconplished by probe hybridization, enzymatic probe

cl eavage, extension and detection of an 10 extended dupl ex. The present
protocols are well adopted to liquid phase reactions as well as solid phase

reactions, aediidatiitSin’ & deets fok@ Ul  dedttite m@mb@ﬁtﬂﬁt iR EHEERERS of ¥hiehart®6 €
i nproved accuracy and conveni ence. herefore, it is an object of

t hi s i nvenihien thie inveatiordgertaimet hod for det ectl ng a target nucleic acid
sequence froma DNA or a mixture of nucleic acids by a PTOCE 15 (PTO

Cl eavage and Extension) assay. It is another object of this invention
to provide_a kit for detecti target nucleic acid sequence froma DNA or
a mxture §pMN6R¥|QFJHEdI:N‘6§ﬂ BIQNOCE (PTO O eavage and Ext ension) assay.

20Ct her _ obj d ad
appar ert 1 om TG QEREN GHEEE A1 AT O FOPMB W SSaERS 10 CARERBALTtSh v th

2581 o 1 SONETRE Lo Hetthe™ VoREE, soddBhCe Wt ER ot e, r gt ng

Qi gonucl egdrivegitn@) Gt Sid, S Btnhuiltipex mn&emlaa*esmg vid haneteastighddRdversed in
PTO cl eavage and ext ensi on assay (PTOCE assay). Preferably, the 3'-ends of

the PTO angrotdlsfoedetectideest targep sedquenids, irnehicheatget deteotionHs gccéinplishedsent s
schematically PTOCE assay conprising nelting analysis. CTO has a reporter
mol ecul e aby paomuénmmatlﬁm eazymatigt probe deavpgeat ©eignsiir 8ndrdetection mfgan 3

represents schemn al Ly PTOCE assay, co I‘ISI rreltln nal ysis. CTO has a
reBort %4?1 e‘s%’?"lt etpé‘?ﬁﬁf‘%?" bcﬁ’gp"%ﬁﬂa ted todigu ah%%%i‘i‘j'%s P3

required to n e e on a
Singl e- st rgs@s%i“s”?'ﬂf ol Peactt e SPbEFsbtel R AbDE et SSRGS TRRT
schenat i calo¥e aa'%'ééf% Edr%mgmrgel ting analysis. CTO has an iso-dC
residue and a r porter ecule at 1ts tenplating portlon Quencher -i sodGTP
i's incorporat edherfdref iﬂ$s 8 lobjedeof thiinGentibar tolFoddé anaetdod feaddteihg a
target nucleic acid sequence from a DNA or a mixture of nucleic acids by a PTOCE
15 (PTO Cleavage and Extension) assay.
It is another object of this invention to provide a kit for detecting a target

nucleic acid sequence from a DNA or a mixture of nucleic acids by a PTOCE (PTO

Cleavage and Extension) assay.

20 Other objects and advantages of the present invention will become apparent
from the detailed description to follow taken in conjugation with the appended claims

and drawings.

-BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 shows the schematic structures of PTO (Probing and Tagging
Oligonucleotide) and CTO (Capturing and Templating Oligonucleotide) used in PTO
cleavage and extension assay (PTOCE assay). Preferably, the 3'-ends of the PTO and
CTO are blocked to prohibit their extension.

Fig. 2 represents schematically PTOCE assay comprising melting analysis. CTO
4



Fig. 5 represents schematically PTOCE assay conprising nelting anal ysis.
PTO 10 has a reporter nolecule at its 5 -tagging portion and CTO has an

i so-dC r e8DQ0e/@6528t s tenpl ating portion. Quencher-i so- ®GTEKR281%/096287 por at ed
into the extended dupl ex during extension reaction. Fig. 6 represents
schematically PTOCE assay conprising nelting analysis. PTO has a reporter
nol ecul e and a quencher nolecule at its 5 -tagging portion. 15 Fig. 7
represents schematically PTOCE assay conprising nelting analysis. PTO has a

reporter NRALS Rk moletule ahHaag(ﬁlle'ﬂGhéPQﬁélé&Pe afrll&etehﬁﬂlélfnb‘?fortr% ecule is

required to show different signal intensity depending on its presence on a

si ngl e- strandeg. Bokepresenta sdherhbtically PAOCAECaskdy @bmprising mdhirty aBalyg@rErEnt s
schematical ly PTOCE assay conprising nelting analysis. PTO 20 has a

quencher nbasez (epertat molesule' attitagginplgtipg poition. Enelrepd@eheleauledp crquired hol ecul e
at its capturing portion 1g. 9 represents schematically PTOCE assay
conpri si ngShew @%@re@hS'QE‘ald“tSF‘%B’e‘ieé’ﬁﬁﬁi'H@@nt"ér%@?reﬁﬁlP@ a snate-pianded fanse ot er
m)lecule an% aggg (51dfm)lecule at its ?No -id" 6 asiii S1111811-111 OS I
111 ? Y9YBEPUPN9EA IOMB5E 5. 10 represents schematical |y PTOCE assay

conpri si ng deﬁ&?h'r@ﬁre@én@ s@ﬁ&natlcally PTOCE assay comprising melting analysis. CTO
has an iso-dC residue and a reporter molecule at its templating portion. Quencher-iso-

dGTP is incorporated into the extended duplex during extension reaction.
Fig. 5 represents schematically PTOCE assay comprising melting analysis. PTO

10  has a reporter molecule at its 5’-tagging portion and CTO has an iso-dC residue at its
templating portion. Quencher-iso-dGTP is incorporated into the extended duplex
during extension reaction.

Fig. 6 represents schematically PTOCE assay comprising melting analysis. PTO
has a reporter molecule and a quencher molecule at its 5’-tagging portion.

15 Fig. 7 represents schematically PTOCE assay comprising melting analysis. PTO
has a reporter molecule at its 5’-tagging portion. The reporter molecule is required to
show different signal intensity depending on its presence on a single-stranded form or
a double-stranded form.

Fig. 8 represents schematically PTOCE assay comprising melting analysis. PTO

20 has a quencher molecule at its 5’-tagging portion and CTO has a reporter molecule at
its capturing portion.

Fig. 9 represents schematically PTOCE assay comprising detection at a pre-
determined temperature. CTO has a reporter molecule and a quencher molecule at its
lati tion. CTOis i bilized lid sut I hits 3-end

25 Fig. 10 represents schematically PTOCE assay comprising detection at a pre-
determined temperature. A reporter-labeled dATP is incorporated into the extended
duplex during extension reaction. CTO is immobilized on a solid substrate through its
3’-end.

Fig. 11 represents schematically PTOCE assay comprising detection at a pre-
5



determ ned tenperature. A reporter-|labeled dATP is incorporated into the
ext ended dupl ex during extension reaction. CTOis immbilized on a solid
substrat evORPRUYHS28t s 3' -end. Fig. 11 represents schemaPCTMRY12ADIABE assay
conprising detection at a pre- WD 2012/ 096523PCT/ KR2012/ 000287 det erm ned
tenperature. CTO has an iso-dC residue at its tenplating portion and a
reporter-iso-dGIP is incorporated into the extended dupl ex during extension
reaction. CTOis immbilized on a solid substrate through its 3'-end.

Fig. 12 regsesanéd tahpeamtd. @0 addREo-a6 $e3idue0aits Sdrdlatitef B6itibRMndta a pre-
S5determ ned tenperature. PTO has a reporter nolecule at its 5 -tagging

portion. GEPorter-isoraiGP lis inecrporated std thk edbredaedadupldxhduringlextdnsioh’ reaation.

Fig. 13 represents schematically PTOCE assay conprising detection at a
predet er m it imvmpadilized pe agotith sebstiatg Bweughdts igndye. CTO is i nmobi lized on
a solid substrate_through its 5 -end. 10Fig. 14 shows the results of the
det ection of M@ é%(—fPP'EES%Sﬁﬁ?%@é@wbgﬁgcgygqsmmé@éﬁ? dehesionsetng RFET ti ng

Fem! at’ ng NerHgheriehlleE PO oS SiheBoRindefE F BES PBURE Pl B o
Nei ssefi a j 'ﬁg?g’@ﬁﬁ %aguwra@'%gqﬁ&ay_éﬁgnpri sing nelting analysis. PTO

has a quencher e at 1ts 5 -end 15and CTO has a reporter nol ecul e at

its 3'-end. Fig. B Geprkberth@herhiticalePTOCE 4438y coMprisihy edetedtionxsteadsd-
dupl exes are adjusted by CTO sequences. Fig. 17 shows the results of

t he det ect deterntified\éersperbiuse gdtho an hoeaalajimgedyey (TOOGE iaswhijized ph #PGHlid
anplification. CTO has a reporter nolecule and a quencher 20 nolecul e at
its tenpl atubsgatedhrough itsSi-gnd.17A shows the results of PTOCE assay

ggsrlrg;i ksf)ioprgr :‘ g‘;ﬁg';,g%ggpvﬁ}_, dﬁtge t]tslné)fn g}%gﬁgg@n &f Rienigus gtoggrr oee?alélgtesneot];y PTOCE
PTOCE assay comprising melting analysis. CTO has a reporter molecule and a
guencher molecule at its templating portion.
Fig. 15 shows the results of the detection of Neisseria gonorrhoeae gene by
PTOCE assay comprising melting analysis. PTO has a quencher molecule at its 5-end
15 and CTO has a reporter molecule at its 3"-end.
Fig. 16 shows the results that Tm values of extended duplexes are adjusted by
CTO sequences.
Fig. 17 shows the results of the detection of Neisseria gonorrhoeae gene by
PTOCE assay with PCR amplification. CTO has a reporter molecule and a quencher
20 molecule at its templating portion. Fig. 17A shows the results of PTOCE assay
comprising real-time PCR detection and Fig. 17B shows the results of PTOCE assay
comprising post-PCR melting analysis.
Fig. 18 shows the results of the detection of Neisseria gonorrhoeae gene by
25 molecule at its 5-end. Quencher-iso-dGTP is incorporated into the extended duplex
during extension reaction. Fig. 18A shows the results of PTOCE assay comprising
real-time PCR detection and Fig. 18B shows the results of PTOCE assay comprising
post-PCR melting analysis.

Fig. 19 shows the results of the detection of Neisseria gonorrhoeae gene by
6



Fig. 18 shows the results of the detection of Neisseria gonorrhoeae gene by
PTOCF accay with PCR anplification. CTO has an iso-dC residue and a
reporter woB1296¥8ul e at its 5 -end. Quencher-i so- dGTPPCI/KR0¥ (90284t ed
into the extended dupl ex during extension reaction. Fig. 18A shows the
results of PTOCE assay conprising real-tinme PCR detection and Fig. 18B
shows the results of PTOCE assay conprising post-PCR nelting analysis. Fig.
19 shows the results of the detection of Neisseria gonorrhoeae gene by

PTCCE assapT@ee BsRERitTPER binpffida®Bn. PIGhESS queABRRTHGECU®BERY 5Cerid and S
5' -end and CTO has a reporter nolecule at its 3' -end. Fig. 19A shows the

resul t s of CROGaEaaspateranoipeules ahits B'esrld: Figrd IRChbwe thectesalts afiRTQGEgassaPB show
the results of PTOCE assay conprising post-PCR nelting analysis. 5Fig. 20
shows t he eamprising shl-time RGRrdetestierpand dig. el3B shovothenegssiie of PTRERorssAveae
(NG gene and Staphyl ococcus aureus (SA) gene by PTOCE assay conpri sing
post PCR nefAMR{5Ng S';’/'E&%.m i’f&iysﬁ“ reporter nol ecul e and a quencher

nol ecul ¢ at it.s | at i rti.on.. Fj : . of
Thedetboti orBr o Rerdudie 1oy B thE smugusausis B L2RBel Salimbets g
melting an S0 dnlsg ' I)rrag@ ' bbiSeiry d. PTO
has a repoﬂ%rééngl é(llcu epg?b?%u%%,?gES?Ag por!tj* ﬁécﬂ%@%ﬁ&hg@%}g@\lg t he
resul ts of pthendi@igeshdlgis. TO\RES & aepartaronoletlieent Henendhyr Mdlddtleaatsiny
conprising real-time detection at a pre-determ ned tenperature on

m cr oar r aytenplatingsportiorobi | i zed through its 5 -end. PTO has a reporter

nol ecule at its 155'-taggi ng portion. Fig. 23 shows the results of the
detection of RN@i 25&hpws g'gﬁdﬁ$m§e@fetf§eﬁéteétyorpvb@@%@woeerﬁma@i gRper®al - tine

detection re-determned tenperature aon mcr ray. S, bilized
hr ough 1« TLE Bieay SRPHARS TR T S0PETaNG & B BRI T B ¢ a
its tenpl atd O pt-4 i € . of the single or
mul tiple ?'I(Elgr S%i"%ﬁ%@?.sgﬁ&&,’&'ﬁ@@t&g@?%gﬁ?ﬂ’%'?@nd poi nt detection at
a pre-det er m fgdo) ARBRE aheMesuis 6f tHeOBEtedtion 6 Weisse/idgoRbirhas q@_@owh_ its
5'-end. PTO haS a reporter nolecule at its 5 -tagging portion. i sseria
gonor r hoeakPT@MSassyneompikirty agaiyihec deteotioraat el pre-Gékkrnginod: temperature on
used _as_target aucl ei c_aci d_sequences-
microarray. CTO is immobilized through its 5-end. PTO has a reporter molecule at its
15  5’-tagging portion.
Fig. 23 shows the results of the detection of Neisseria gonorrhoeae gene by
PTOCE assay comprising real-time detection at a pre-determined temperature on
microarray. CTO is immobilized through its 3"-end and has a reporter molecule and a
quencher molecule at its templating portion.
20 Fig. 24 shows the results of the single or multiple target detection by PTOCE
assay comprising end point detection at a pre-determined temperature on microarray.

CTO is immobilized through its 5-end. PTO has a reporter molecule at its 5-tagging

portion. Neisseria gonorrhoeae (NG) gene and Staphylococcus aureus (SA) gene were

| t nucleic acid

25
DETAILED DESCRIPTION OF THIS INVETNION

The present invention is directed to a novel method for detecting a target
nucleic acid sequence by a PTOCE (PTO Cleavage and Extension) assay and a kit for

detecting a target nucleic acid sequence by a PTOCE assay.
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25 DETAI LED DESCRI PTI ON OF THI'S | NVETNI ON The present invention is
directed to a novel nethod for detecting a target nucleic acid sequence by
a PTOCE (WoQJes2age and Extension) assay and a kit foPCHA{R2012/000283 t ar get
nucl eic acid sequence by a PTOCE assay. The present invention

i nvol ves not only hybridization reactions but also enzymatic reactions that
occur depending on the presence of a target nucleic acid sequence. 5 I|.
Target Detection Process by PTOCE Conprising Melting Analysis I n one

aspect of the ghesprisehtniRRhEEH inddhMenbS dAlyO \HyBEdlzatioRe tdRbodobutledigst i ng a
target nucleic acid sequence froma DNA or a m xture of nucleic acids by a

PTOCE ( PTQriZymatiageactions thdt extsurodgpendimgyon tiienprasendegof & aargey butldiczaddy t he
target nucleic acid sequence with an upstream oligonucl eotide 10 and a PTO
(Probi ng aseguanaggi ng A i gonucl eoti de); wherein the upstream oli gonucl eoti de
conprises a hybridizing nucleotide sequence conplenentary to the target

nucl ei ¢ acid sequence; the PTO conprises (i) a 3'-targeting portion

o & 05 BRI G PR SRR R, 0" L2120 o
CEaUSTe o 1 SRTIBIRIUST, M N, 6L 5 i ey ool

sequence afdedting dtarded HOtial aRidrdel@éhce Fron®h DNAD6 &l b drevdftiticlelteacidtyed
nucl ei ¢ aci d sequence; the upstream oligonucleotide is |ocated upstream of

the PTG (BlOCH{PTactieagge bed Extensiom)dssay, coimerisbgp (a) to an enzyne having a
5' nuclease 20 activity under conditions for cleavage of the PTO wherein
t he upstreanf@l inybridiangshe @egesmurleis asick wquerreswith ad upstarame sligarwialealide of t he

PTO by th i the 5' l . .activit that th |
Tareastt "SRR R Ry Anc, aSeRa; DS HIBENRT CRPEE, the, TPgieat s
5' -t i i t = - ) 1-1- - ' . 1U
> o5 anpt at Pleg e dlsci Bzt irdinghocdhle ShoschstomBment ot O ¢
direction (iargetCARGSET HGd pééhbérﬁ@; GREPPTS! E’&nﬁrié@@cti?oé 'ﬂ@ar@éﬁ#ﬁerﬂbﬁion

conplenmentary 1o the 5 - tagging portion or a part of the - t"aggi ng
portion of téesmprisingadylridizindanticketida tseg@erze rcomplentepigry its ithe tergetusticizid | de

sequence non-conpl enentary to the 5 -tagging portion and the 3'-targeting
portion of téaedBaDenehand(il a hdagging perionrcomprisiog agnucleotide sequence non-

15 complementary to the target nucleic acid sequence; wherein the 3’-targeting
portion is hybridized with the target nucleic acid sequence and the 5-tagging
portion is not hybridized with the target nucleic acid sequence; the upstream
oligonucleotide is located upstream of the PTO;

(b) contacting the resultant of the step (a) to an enzyme having a 5’ nuclease

20 activity under conditions for cleavage of the PTO; wherein the upstream
oligonucleotide or its extended strand induces cleavage of the PTO by the enzyme
having the 5’ nuclease activity such that the cleavage releases a fragment
comprising the 5’-tagging portion or a part of the 5’-tagging portion of the PTO;

25 Templating Oligonucleotide); wherein the CTO comprises in a 3’ to 5’ direction (i) a
capturing portion comprising a nucleotide sequence complementary to the 5-
tagging portion or a part of the 5-tagging portion of the PTO and (ii) a templating
portion comprising a nucleotide sequence non-complementary to the 5-tagging

portion and the 3’-targeting portion of the PTO; wherein the fragment released
8



fromthe PTOis hybridized with the capturing portion of the CTQ (d)
perform ng an extension reaction using the resultant of the step (c) and a
t enpl at e-wWeperdesiz3nucl ei ¢ aci d pol ynmerase; wherei n t he PCTAR2E/00M380Br i di zed
with the capturing portion of the CTOis extended and an extended duplex is
5 fornmed; wherein the extended duplex has a Tn, value adjustable by (i) a
sequence and/or length of the fragnent, (ii) a sequence and/or |ength of
the CTO or (iii) the sequence and/or |ength of the fragnent and the
sequence andfrn heabls AjbrdiRd S thelcabuiibb poRtbridrenectended dupl ex over a
range of tenperatures to give a target 107 signal i ndi cative of the
presence of {(d)e pxfoaningdardexkeasion weetion rusingethkakeggitans iof thé step @) andded by
(i) at least one label linked to the fragment and/or the CTO (ii) a |abel
i ncor por at edtémplatetdeperdant misttic apdepoldneiase; wherei ttbe Sragmené dwbridiaed (iii)
a | abel incorporated into the extended dupl ex durlng t he exten5|on reaction
r

and a | abel Mthkf@a GaptYriRg POrHEAhtth grfaflfbr's exengacoand ran eEnggr AHRIEX &l at i ng
| abel d 5 t th th t

St onal +5 wher BEpenuREECed ey REDERTES ac il o rRRR I, A% SBhREdence
f th

Cntensi v, ?SéedZHF Leﬁsf‘h GHE FAANARID. 2 SR afdbr oAU b ?52?“?4!’2

sequences W tdqudREL ahdyBF RiRth BE €he faymenidasd e beidfce ahdyof leriith af ther a
mul tiplex manner. As a result, we have established novel protocols for

detection of CT@yget sequences, in which target detection is acconplished by
probe hybridi zati on, enzymatic probe cl eavage, extension and detection of
an ext ended m)plreedtmgrh‘@e pxtéBQﬂﬁ duplex ovesl & ranae ofelempgrrdpies dotaive @ danggt phase
reactions as hase reactions and g&sure de ection gf

mul ti pi% t ar §8pa é'é‘iiﬁ?é'ﬁf‘éé’g t% PVI‘? SRoP ©F ithip PYGRdPLARPs Messl t'&‘w’o rﬁ%séq{@

hyor o aati oh”pvr§?‘é%°8§gszﬁp4r?%%b%t*é‘fﬂﬁef e e TRl PR P RO (o
ext ensi on; %b@pﬁwb&’go%fceoalntt@'ﬂ%%x@ﬁ@é‘d‘gwéx %ﬁﬁg‘@i@eﬁ@%@ﬁ(reﬁﬂ gﬂ%eact' on

of the exten upl ex. Therefore, it 1s naned as a eavage
and Ext ensi olabelamgéporated into ke eltengded daplex ldnmgpttlne)axtehﬁm eaéceanlmﬂdohlpl ex
is characterized to have a | abel (s) providing a signal indicating the
presence of tabel linked taithe fiagmenk abg/onhe CHQ, arr(iv) poiinteroalabing tabeb@nidon at a
pre-determ ned tenperature. Furthernore, the extended
15 (f) detecting the extended duplex by measuring the target signal; whereby the
presence of the extended duplex indicates the presence of the target nucleic acid

sequence.

The present inventors have made intensive researches to develop novel

20 approaches to detect target sequences with more improved accuracy and
convenience, inter alia, in a multiplex manner. As a result, we have established novel
protocols for detection of target sequences, in which target detection is accomplished

by probe hybridization, enzymatic probe cleavage, extension and detection of an

extended duplex. The present protocols are well adopted to liquid phase reactions as

25  well as solid phase reactions, and ensure detection of multiple target sequences with
more improved accuracy and convenience.

The present invention employs successive events followed by probe

hybridization; cleavage of PTO (Probing and Tagging Oligonucleotide) and extension;

formation of a target-dependent extended duplex; and detection of the extended
9



5dupl ex is characterized to have an adjustable Tm val ue, which plays a
critical role in nultiple target detection or discrimnation from

non-t ar gewoMEs23As t he ext ended dupl ex is produced oRCY/KR2012190284r get
nucleic acid exists, the presence of the extended duplex indicates the
presence of the target nucleic acid. 10The PTOCE assay conprising nelting
analysis will be described in nore detail as follows: Step (a):

Hybri di zati on of an upstream ol i gonudeotide and a PTOw th a target nucleic

aci d sequedgfiexl SARERESHNE id antdifad’s PPEOL (PTRY EREIRYR ard Bx@dridRh) Bskalei ¢ aci d
sequence is first hybridized wth an upstream ol i"gonucl eoti de and a PTO

(Probi ng and Taggthegpresérgoinventin) itHe)extended dupkex tiichardasterzdteteitavétar get
nucl eic acid", "target nucleic acid sequence"” or "target sequence" refers
to a nucl eliabelés)ipdoiding ersignabindicating th presenageafdbe iextendedhiduplex Hy 20elingal ed
to or hybridized with a probe or primer under hybridization, annealing or
anpl i fyi ng2anadssisi Qri Ryrdetection at a Wﬁéﬁef%'m*ﬁqgst@ﬂmﬁ@t@ien Furthesmere, the gxtended 5

si ngl e-stranded. nucl ej c._aci.d. ol ecul e i si,ng a portion or.pprtjons that
o 6 s bt oG sy BEFIsTERER SRYE £ AdsERIETn Vel SrBRRE " BirBhiae s rhe
term"pri el : : ' ; I de, which is capable
of acti ngn@gltlg%;tg!’%? 98 %lﬂ(ﬁ} @] %ﬁr@?{ﬁ%t‘[oﬂsw ﬁég‘l%s}@\g\géﬁﬁ%l aced under
condi tions in vkl exyendbe duplerfis Prddiieéd enkantieotargetaslichdic #did @Rists the
conplenmentary to a nucleic acid strand (tenplate) 1s induced, i.e., in the
presence ofresenck @b thalederded duplexdrditatéothepuesamee bf tiel target sudéic asidDNA
pol ynerase, and at a suitable tenperature and pH.

10 The PTOCE assay comprising melting analysis will be described in more detail

as follows:

Step (a): Hybridization of an upstream oligonucleotide and a PTO with a
target nucleic acid sequence

15 According to the present invention, a target nucleic acid sequence is first
hybridized with an upstream oligonucleotide and a PTO (Probing and Tagging
Oligonucleotide).

The term used herein “target nucleic acid”, “target nucleic acid sequence” or
“target sequence” refers to a nucleic acid sequence of interest for detection, which is

20 annealed to or hybridized with a probe or primer under hybridization, annealing or
amplifying conditions.

The term used herein “probe” refers to a single-stranded nucleic acid molecule
comprising a portion or portions that are substantially complementary to a target
—nucleic acid sequence.

25 The term “primer” as used herein refers to an oligonucleotide, which is capable
of acting as a point of initiation of synthesis when placed under conditions in which
synthesis of primer extension product which is complementary to a nucleic acid strand
(template) is induced, ie., in the presence of nucleotides and an agent for

polymerization, such as DNA polymerase, and at a suitable temperature and pH.
10



Preferably, the probe and priner are single-stranded deoxyri bonucl eoti de
nol ecul es. The probes or priners used in this invention may be conpri sed of
nat ur al | YWoce1vess2d dNVP (i.e., dAMP, dGV] dCVP and dTMPLT/KR2d1Z (06287

nucl eoti de, or non-natural nucleotide. The probes or prinmers may al so

i nclude ribonucleotides. 5 The primer nust be sufficiently long to prine
the synthesis of extension products in the presence of the agent for

pol ymeri zati on. The exact length of the prinmers will depend on many
factors, inclugtdferabgTRRBE apreb€, arP Printett b sirgdstiatided € dedxyRbdriRlectiddie term
"anneal i ng" or "primng" as used herein refers to the apposition of an

ol i godeoxymulekdes.i Tihe probesior|peimerainsed indhia invenyidratmay e acbmipdsetofthatwially eby

t he toapposition enables the Pgol nmerase to pol ynmerize nucl eotides into a

nucl ei ¢ acP@uiFBIIedNB (ki AAM @ andrdTMR, madifieshpuceatidauer 608- aci d

or a porti

f, T ; d "hybridizi ng" d h i f
20 the’f or EbAUGHOe HasPEDE: PERIEE SR BAQ MSLEa FPPRHSERET eront ar y -
i ngl t d i i ds. i di ¢at | . bet .
nucler & actd st A riEs B, sifenbiiol ok BY I hEENITh some
m smat chesprodhi@s GO The PPERBh& b Yhd ?éerftyf%F 'délyﬁ%tr?zé’dibr[%ed%_ﬁi_ﬂ%n@fh of the

hybri di zat1 on conditions, particularly tenperature. e hRybridi zation
of a targeprimers|wiil dependios etargrfacton, tintiudigy tepsperatars, dpplitatius| &af ssleceand t he
PTO may be carried out under suitable hybridization conditions routinely
det er m nedoflpyringst The teani“anngating’eetUpemingCas dised bereirstefdrs & theZappositipre ohit ur e,
concentration of conponents, hybridization and washing tines, buffer
conponent s8N figodenxynucisptide, @ri Bideic efidettyentamplateenudaic @gidg apharelh§eon
various factors, including the length and GC content, of. pli_gonycl eot|de
(tst 1 Bam S050RD EBE 2 pelime el i PiVmetes: DlteliveR il aePldhamit.  For

nstance. WRRRE kAL EYRbUTRROR LOledRRARERtLEabi o aYRfl bbreckS |

preferable th I'ow stringent co I ons are adopt

condi tions for Thy herndliugad i‘wbrsaamﬁ/g@séwuafém Pefd@StoPiRe FaMEtRAKeF &dodble-
Mol ecul ar O oning, A Laboratory nual , Cold Spring Harbor Laboratory

Press, ColstraBded noudite bamid fiony. (abflémentand diidle Ntrahdde r suoteic Naidsei TheAci d
Hybri di zation, Springer-Verlag New York Inc. N.Y.(1999). There is no
i nt ended diyridizationo maye oo nbatyyeen dwes nucieia cdd strandm perfectlyb malghedng™ , and

h il d,in h bly. T 1 e
ol | gonlil cHPPEUaRBIRDh 0 T MHARSHFSn TEe COmPRESERe i CYLEEBISront ar y
to the t l,ei ' The,. " t " d
norein 1 o TELACRRIOIRRUR SRR AR E e BB Compl erent ary o
hybri di ze sel e¢hé VRJb¥idiz8tich { @Ctargetc nfitigicagtid ?}eﬁﬂéﬁ&@e‘wiﬂﬂ%é bf&ream

desi gnated annealing conditions or~stringent co I ons, enconpassing the
terns "subsliganidiedtide asdmihenemnoamay Badcarfed f et Liderospitabne Miydkidization

preferably perfectly conpl enmentary. The 5'-tagging portion of the PTO
has a nucl @uotlitides sreytiratye edeterminasihblye oplimizatjort prodedutear d@nditions esuch aas d
sequence. The tenplating portion of the S o
20 temperature, concentration of components, hybridization and washing times, buffer
components, and their pH and ionic strength may be varied depending on various
factors, including the length and GC content of oligonucleotide (upstream
oligonucleotide and PTO) and the target nucleotide sequence. For instance, when a
relatively short oligonucleotide is used, it is preferable that low stringent conditions
25 are adopted. The detailed conditions for hybridization can be found in Joseph
Sambrook, et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.(2001); and M.L.M. Anderson, Nucleic Acid
Hybridization, Springer-Verlag New York Inc. N.Y.(1999).

There is no intended distinction between the terms “annealing” and
11



10 CTO (Capturing and Tenpl ating A igonucl eotide) has a nucl eoti de sequence
non-conpl enentary to the 5 -tagging portion and the 3'-targeting portion of
the PTO wWBa0t24¥96323non- conpl ement ary” i s used herei n toPREARWIPAN0ISTI mer s
or probes are sufficiently non-conplenentary not to hybridize selectively
to a target nucleic acid sequence under the designated annealing conditions
or stringent conditions, 15 enconpassing the terns "substantially

non-conpl ementary” and "perfectly non-conplenentary”, preferably perfectly
non- conpl e Biditing”, and thesd R@misakimbeREd fRErRhahgeBdIR (Probing and Taggi ng

A i gonucl eoti de)" "neans an ol i gonucl eoti de conprising (i) a 3'-targeting
portion servi nThaspstream tigemleotide aad PTO hagohybgidiingt mupteotide Isequanaes eot i de
sequence non-conpl enentary to the target nucleic 20 acid sequence, which

i s nucl eol samplementane te thee targetonudl¢ie apiticseguenee. s tedinz tromplengntaryt e
target nucl eic, aci d sequence. The 5' -taggi ng portjion and the 3'-targeting
portion i nUseHeh®eld favEed et pdmets ehalobss aressutfisiestly siomplementaypito i s
schematjcal lLy. i llustrated in Fig. 1. Preferably, the hybridization.in step
(2 T r cmiidles SRR fossithusbiradd bBRstinde Br s hePhuRiing
portion is hdi zed h -get ' [ e e

5' -taggi ngca&})ﬂﬂorgn%?s é#(')'ﬁdéﬂgb??@?gg%’ W’é;r\gérﬁhéésstﬁ’m rgtehté ﬂ%@ﬂgi ceuzri%técgmssltla)auence.
The PTO dogsmpieheritaftiiahe “pérfectip e6inplefehtiigt PraferkBly peifactyl @mpldifedtanygt h of

t he PTO may bme 15- 150 nucl eoti des, 15-100 nBcI eot ?c?gs, 15- 80 nucl eot i des,
15- 60 nucl eot i dbs, 5tagdingnpotent iafeshe 2PFA560asual eotleatele, s2Guer@® non-

nucl eoti des, 20-80 nucleotides, 20-60 nucleotides, 20-50 nucleotides,

30- 150 nuctasplemertary3ty thpotanget] ruslsicasid aueren Jbe dempladisg @oti@pof the

nucl eot i de 30-50 nucl eotides, 35-100 nucleotides 5-80 nucl eot i des,

35° 60, Huc CIR {GaBtrEy 25e- By s ioaaeoRHe oS % hudleatidey SbERTOROBT ¢ he
PTO may be_]j t 50 | (L s..specifi. . i with
target nuciERAinea NS =2dsithdtiol tnd S REGRHAT bosbon e MIEIC B 7' 1 e
PTO may berehfl- $R-coiIGRéAtEG  is 1GeBOnsief e9thées 1th§t0[l)§|9ieFkU6|' afbb&esre 10- 40
nucl eoti des, 10-30 nucl eotides, 15-100 nucl eotides, 15-80 nucl eoti des,

15- 50 nucl suffidierely, ndrbectiplamentant hoeto hibridife seledtivollyi tdes tardet hlbeic acid

nucl eoti des, 20-80 nucl eotides, 20-50 nucl eotides, 20-40 nucl eotides or

20- 30 nucl seguenkes undel ethgt idesigiated 1anrgaling: gepndigiopsr of ostrimgent b eoriditians,y

l engths so long as it is specifically hybridized with the tenplating

porti ol of eRCABPRSHG the t18ERS exviestertdlly papn-complemertary™hand, “pedegiyn#oBor t i on
of the PTQ may be 2- 50 nucleot irf%ﬂ’ 5-40 nucl eFti des, 5-30 nucl eoti des,
5-20 nucl Bt le AN ﬁ[ﬁﬂye%"[ ¥ NONGORB' ATt i des, 10-30 nucl eoti des,
10- 20 nucl eoti T e@id 15- : | ﬁ;c? 25 l.eptides
or 15-20 15nucﬁ§§ft|elﬁglsj§§&nﬁ‘%@r?gth. @%b'&é‘?ﬁg@&@}éﬁylg t eg%ﬁq%%n%ﬁﬁhag\se a

3'-OH ter r@|@@hucléatﬂé%ﬁtplrigingt(b% 3-tafiting fportih §8Hiahg s Ppbkatd (iipary-ohi bit
e

its extension. T | ocki ng may be achi eved In accordance with

convent i on@bging tpodite. wikloia nutkebtide sequehee hb-cémplgmeatanp ¢o piee fapgetatliclejc addi ng
to the 3'-hydroxyl group of the 20 last nucleotide a chemical noiety such
as bi 010 n, addyprauence; Witidsis Huicleolytieally relgpsed frejn dog PTA @ften higbridizatige Withmker |
phosphor ot hi oat e, or al kane-di ol . ternatively, the bl ocking may be carried
DUt by 1 eribe:iget Ao SEregudice e, 5-Booindcpdtiat o e Sr eHets Rediasty o

nucl eoti dg,WHthef9 1ive WAEHEsitdh h $U8N &S PrSOHEUTS N sBfmatically

illustrated in Fig. 1.

Preferably, the hybridization in step (a) is preformed under stringent conditions

25  that the 3’-targeting portion is hybridized with the target nucleic acid sequence and
the 5’-tagging portion is not hybridized with the target nucleic acid sequence.

The PTO does not require any specific lengths. For example, the length of the

PTO may be 15-150 nucleotides, 15-100 nucleotides, 15-80 nucleotides, 15-60

nucleotides, 15-40 nucleotides, 20-150 nucleotides, 20-100 nucleotides, 20-80
12



Alternatively, the PTO may be designed to have a hairpin structure. 25
The non-hybridi zati on between the 5'-taggi ng portion of the PTO and the
target nNDePr2/632d sequence refers to non-formati on of PRTA{RAI24000287

doubl e-strand between them under certain hybridization conditions.
According to a preferred enbodi nent, the 5 - tagging portion of the PTO not
i nvol ved in the hybridization with the target nucleic acid sequence forns a
single-strand. WD 2012/ 096523PCT/ KR2012/ 000287 The upstream

ol i gonucl eQidedtidés 0GBt dtcledtddsearn-9b hlgedddiey, 30-150 hiciasttes] o3n-10de

upstream ol i gonucl eotide or its extended st rand hybri di zed with the target
nucl ei ¢ acnutleptidess n36-80ncuclestiddsead8gd oiuclediiddsT B $0 anudeatides, 35100 a 5'
nucl ease activity. 5The induction of the PTO cl eavage by the upstream

ol i gonuc| emdeddidesay3 580 ausinepies hai6®ynudestides heroA8-50( nyiclegligdes.edhe 3™

ol i gonucl eoti de extensi gn-i ndependent cl eavage, induction; and (il stream
ol i gonuc| \8f9cYB9 RAHPMR | ﬁhﬁepﬂeéﬁd'@‘(t BEI'BMQ%%%U?& |?Q5\9 aﬁ/\ﬁrel‘seséq‘fg?ca tream

nduce T naomreee) BBk fUdde R 3RERne TR BRosiR e SRR B

enzyne boupd y ths Pesltotmeaé&%g,ch@-@gi ﬁlfdéyﬁa@étfo-lsd?%ﬂé@aa\ést o4y

extension reaction.” I'n contrast, eré the upstream ol i gonucleotide is
posi ti onednticptiaed, | 0130 trieleblides, an5-20ay Aaclbstidesy £5-80| Hudéatiies,adlts-50 ty
(e.g., tenpl ate-dependent pol ynerase) catal yzes extension of the upstream
ol i gonucl emidedidés. d5-;40upsKlectidaespr iL580) nadldotides] 52¢h0§ neudientidagy 20580

nucl ease activity bound to the extended product digests the

PTG
Ther ef or e, Nudestides 208 hnnleoiigdes 04 Nedeatides Be 20F0tusteotidesaini lgratl)y. The t he

T iy LSS et o B TSP Rl 5% Rk Riddeadlroen |

ext ensi on-j t rpatdvel I .eot i de
may Do | ocPamAHRd o 5 e CHG AR terdRll. HAShEGRE WA age
in an ext epstioMoflteeEeay BRSO nucleotides, 75190 Rt IBbEERT 5130r Ricleotiasl, BCaNt "
with referring to positions or |ocations nmeans that the upstream

ol i gonucl emidedtides; 110650 eslickedtides; ntli0yd onddentides, t 203 | marlgotides,ort0e20 t he
PTOto forma nick. Also, the termneans that the upstream oligonucl eotide
i s | ocat ednucledtides, c1500i audeotides0 15 guiclegtidesor 1538 5nudleatisles i e st Sadfhr t
fromthe 3' - 25t a_rg’eti ng portion of the PTO The term used herein
"di st alt " Wdeetifes BleRRB t o positions or locations includes any positions

or locations syffibelente £o ARSULE LEX! §35HPNeHRASE BARSrably, the 3-end of the
PTO is "blocked" to prohibit its extension.

The blocking may be achieved in accordance with conventional methods. For

instance, the blocking may be performed by adding to the 3'-hydroxyl group of the

20 last nucleotide a chemical moiety such as biotin, labels, a phosphate group, alkyl
group, non-nucleotide linker, phosphorothioate or alkane-diol. Alternatively, the
blocking may be carried out by removing the 3'-hydroxyl group of the last nucleotide
or using a nucleotide with no 3'-hydroxyl group such as dideoxynucleotide.

25 The non-hybridization between the 5'-tagging portion of the PTO and the target
nucleic acid sequence refers to non-formation of a stable double-strand between them
under certain hybridization conditions. According to a preferred embodiment, the 5'-
tagging portion of the PTO not involved in the hybridization with the target nucleic

acid sequence forms a single-strand.
13



According to a preferred enbodi nent, the upstream oligonucleotide is
| ocated distantly to the PTO sufficient to induce the PTO cl eavage in an
ext ensi orwOepEI9es?8 nanner. Accordi ng to a prefer PEW/KROAINSAL , t he
upstream ol i gonucl eotide is an upstream prinmer or an upstream probe. The
upstreampriner is suitable in an extension-independent cleavage induction
or an extension-dependent cl eavage, and 5the upstream probe is suitable in
an extensi on-i ndependent cl eavage i nducti on. Al ternatively, the
UpSt ream ol i QO'THE'u??ctrééi'ﬁof@ihub@é!ﬁdeﬁsWaﬁéd%ps&\é@ﬁm'cﬁ@lﬁ’@ﬁéequence with the
-part of the 3'-targeting portion of the PTO Preferably, the overl apped
sequence I's 1- 1R additioscthe dpstredn® bigdpueibetidbonitslexberitied| seahd tebridizdd wikh nor e
preferably 1-3 nucleotides in |Iength. Were the upstream oligonucl eotide
has a 10 {hertaiget nudleiclagidredusregurdiuses wieavagehaf the Piarhly aif endymedhavingrget i ng
portion of the PTO the 3'-targeting portion is partially digested along
with the 5° 'Fﬁ@@ﬁ?ﬁ@ Vi%rtion in the cleavage reaction of the step (b). In

L o AR SRR B IR DR B,
upst ream pédc%bhéﬂé ng th&h{g{} r@cﬁ’aém%t Sﬂfbﬂgcl%ﬁd@gx&qﬁoﬂnﬁ@ &fen Pf the

PTO by the enzyne ease act e con ent| onal

t echnol ogi @saviagé |ﬁd&ﬁb’#gﬁwd € ClipseraamboligeRSdis e éa&ér&mu@ép@ﬁaérd%eawage be
applied to the present invention, so |ong as the upstream oligonucl eotide

i nduces clieduaipa. of the PTO hybri di zed with the target nucleic acid 20

sequence to rel ease a fragnent conprising the 5 -tagg| ng portion or a part

of the 5'- tagd¥hese poet Hpgiregm tQHQOWF@Otl%rISeR%ﬁfHﬂHQ adjgrentiyt to 1o . PTO
5,210, 015, 5,487,972, 5,691 5,994, 069 and, 7,381, 532
Pub. NY 2Btticesi9daducad eszéafff&ivmbx 8N EARYPR Bg\@m a.Sﬁoaﬂﬁﬁssrﬁct'v'tv, W N

LT AR N pekbfedibnidedilel dnedd 6d pro?Rph b SgepgbLeam
sequence t@a&%nhmbr% dpzs@d/vrvéré bhe &]ﬁp@!ﬁ? . ol §BRGEtBE |§;§‘6‘5’Ft|otnb8 HkYadtl t8 thear get

det ection. According to preferredenbodi nent, when the upstream
pri mer andptd)eardenmiier RRIMgE poipherce adhety, (eeg,t@wmlaéefed@rmdpawmmbpl c

acid polynerase is WD 2012/ 096523PCT/ KR2012/ 000287
catalyzes extension of the upstream oligonucleotide (e.g., upstream primer) and an
15 enzyme having a 5" nuclease activity bound to the extended product digests the PTO.
Therefore, the upstream oligonucleotide may be located relatively to the PTO in
two fashions. The upstream oligonucleotide may be located adjacently to the PTO
sufficient to induce the PTO cleavage in an extension-independent manner.
Alternatively, the upstream oligonucleotide may be located distantly to the PTO
20  sufficient to induce the PTO cleavage in an extension-dependent manner.
The term used herein “adjacent” with referring to positions or locations means
that the upstream oligonucleotide is located adjacently to the 3'-targeting portion of

the PTO to form a nick. Also, the term means that the upstream oligonucleotide is

located 1-30 nucleotides, 1-20 nucleotides or 1-15 nucleotides apart from the 3'-

25  targeting portion of the PTO.
The term used herein “distant” with referring to positions or locations includes
any positions or locations sufficient to ensure extension reactions.
According to a preferred embodiment, the upstream oligonucleotide is located

distantly to the PTO sufficient to induce the PTO cleavage in an extension-dependent
14



_additionally enployed for extension of the priners. According to a
preferred enbodi nent, the upstream oligonucl eotide (upstream priner or

upst r eamWOABE)09632he downstream primer and/ or 5'-taggi n§CHGR20N00387t he PTO
have a dual primng oligonucleotide (DPO) structure devel oped by the
present 5 inventor. The oligonucl eotides having the DPO structure show
significantly inproved target specificity conpared wth conventi onal
prinmers and probes (see WO 2006/ 095981; Chun et al., Dual primng

ol i gonucl egihgg systemfor the nultiplex detection of respiratory viruses
and SNP genotyping of CYP2Cl9 gene, Nucleic Acid Research, 35: 6e4C(2007)).
10Accor di ng t oAscqediag etor adpiefdraedi embbdinidne, The wpsteednm ngigpoudiéatideos ame PTO
has a nodi fied dual specificity oligonucleotide (nmDSO structure devel oped
by the preggstieainnpeameoror dhelpstreami probeudhe sypstieaine ptipen|is guitelle dot arle
(nbSO) structure shows significantly inproved target specificity conpared
with conveRfeRsiRN-ingeRANdsnt deavage InHCTDD 05 §xtersial-depengpnt ﬂ@@\@agea@) a

f f o A -t h I f th [
contacted V8 UG Prbea VP, o s BoEr bR I BeRiT i one 1 or
I f th ; T b di | t t | |
Cequence i's i AST SOy IR, Rt YEBHudidde! ey, TARC}, BUGEERIBRIGH

rel ease a éerq_agm@nwitﬁoumrs'sodawgof hBe 3'-tdra8id @oRRA HOEheOPTO. PRéferably, tie 5' -
taggi ng portion of the PTO The term used herein "conditions for

cl eavage obveribppddTsdquemanis lcbh diutleatidess miofe preferably d-Binyeleotiddse sl @ore
hybri di zed with the target nucleic acid sequence by the enZém? havi ng t he
5 nucl easl@fe&ﬁm‘)oi]r?,m&&@ﬁd% in dengthatWhese %P{, upshieP® otiganygleptider hes e | 25

S SRR BRI S P SR RSBt e P 1

COL eSS B B eBa ool M b4 o 2,2

RUETCE, HbAnd ek Aoy 8 207 OB DS BBAL g onc
cleave a desired site of the 3-targeting portion.

According to a preferred embodiment, the upstream primer induces through its

15 extended strand the cleavage of the PTO by the enzyme having the 5’ nuclease
activity.

The conventional technologies for cleavage reactions by upstream
oligonucleotides may be applied to the present invention, so long as the upstream
oligonucleotide induces cleavage of the PTO hybridized with the target nucleic acid

20 sequence to release a fragment comprising the 5’-tagging portion or a part of the 5-
tagging portion of the PTO. For example, U.S. Pat. Nos. 5,210,015, 5,487,972,
5,691,142, 5,994,069 and 7,381,532 and U.S. Appin. Pub. No. 2008-0241838 may be

applied to the present invention.

25 of a downstream primer. The downstream primer generates additionally a target

nucleic acid sequence to be hybridized with the PTO, enhancing sensitivity in a target
detection.
According to a preferred embodiment, when the upstream primer and the

downstream primer are used, a template-dependent nucleic acid polymerase is
15



single-strand with no hybridization with the target nucleic acid sequence
(see Fig. 2). As such, an oligonucl eotide conprising both single-stranded
and doublwogbrza¥eed structures may be di gested using anPEMARMIZWII8Ag a 5'
nucl ease activity by a variety of technol ogies known to one of skill in the
art. 5The cleavage sites of the PTO are vari ed dependi ng. on the. type. of
upstream ol i gonucl eoti des (upstream probe or upstream priner),

hybri di zati on sites of upstream oligonucl eotides and cl eavage conditions
(see U.S. Faditiondy employddfd} kRtenSiofdf ti/Brim&rs691, 142, 5,994, 069 and
7,381,532 and U.S. Appin. Pub. No. 2008-0241838). A nultitude of

conventi onal t @ctordingdo asprefeyreldeenstdimgre tHeoupdtieamcolgpradeotiter(@pstteaon of
the PTO releasing a fragnment conprising the 5 -tagging portion or a part
of the 5'-prmgl eyupsreamoprobe), the Bowastrgam pHmer andjor (étaggingepertion of dhe

cl eavage in_the ste b). Firstly, th | eavage site is a junction sjte

bet ween a RJBHewe i‘ag‘iailﬁ’”ﬁ'&ﬁ‘ﬁ PEQP”HF'e? EQQ@)(§9U-CF%{'F VF'HBG$8Vttﬁ%rWeS§HH a
non- hybyi di zat.i o or.ti ot i i Qn T ecor jte is
2o ved 5PBithe duBbhRcondet B e BROL R st Bal MY SR he
3'-end of 5k é—)ﬁg‘i,n HORWi@f C S IS

| ocated at fa?@eé gp%en pg?'!t%é']t‘eht hqvé9\3'({0Ht€ear{rﬁgg%li Eﬁnpezft?rowg %Sﬁggg%wqhe
third cl eayGuBr0sH98E; IChUR &i &g D@ Abrdeing eoligoAliclebtisl esystefe Foi thed nltipléx ect i on
apart fromthe 3" -end of the 5 -tagging portion of the PTO. According to a
pref erred detbdibnnefmtespitateryi viiusesabnd iISNE denotyping off €¥R2(8 genet NacleZ0A®RTO by

the tenpl at e- dependent pol ynerase having the 5 nucl ease activity upon

ext ensi on Besedrd, %MGEQQ%N mer is a starting point of the double strand
bet ween the PTQ and. the target nucleic acid_sequence of a Sjt -3

nucl eold des apAFtOrdiPg e ?H’ée@f@? tel"ﬁﬁ 'Hlﬁ”ﬁtt'.he I3ﬁga?ﬂ$tg‘gr@§é?'b?fstihﬁ N9 Ased
herein "a 1 S . ¢ p, i f the
5"t aqgi ng SO FY oy LRty BihdraEiedtiad AAEROPstrctaieRRkloBl B e BREenf; 1y
t he enzyrreinbé}ﬁbﬂn@rrﬁmnq’dsﬁéwqiusa%Pe@ﬁéiﬂyvbﬁgbriuaeyﬁw éh@S@)CW§@ Ghowg he
5'-tagging portion, (ii) the 5 -tagging portion and the'5 -end part of the
3' -t ar get i significantly ampeoved targed specifrity cofmpbfed Veith targentionad prabiesr(sed Wa hi s
application, the term"a fragnent conprising the 5 -tagging portion or a
part of th2013/028848) ng portion of the 17 PTO' may be al so described as
"PTO fragment". The term"part"” used in conjunction with the PTO or
CTO subh as the part of the 5 -tagging portion of the PTO the 5 -end part
DOr ti.0n gf the‘\:'PTO dp.wle 5'-end part of the capturing

por i on of SCHRCCIDTBAIGH

Afterwards, the resultant of the step (a) is contacted to an enzyme having a 5’

nuclease activity under conditions for cleavage of the PTO. The PTO hybridized with
the target nucleic acid sequence is digested by the enzyme having the 5" nuclease
20 activity to release a fragment comprising the 5'-tagging portion or a part of the 5'-
tagging portion of the PTO.
The term used herein “conditions for cleavage of the PTO” means conditions
sufficient to digest the PTO hybridized with the target nucleic acid sequence by the
25 length and sequence of oligonucleotides and enzymes. For example, when 73 DNA
polymerase is used as the enzyme having the 5’ nuclease activity, the conditions for
cleavage of the PTO include Tris-HCI buffer, KCl, MgCl, and temperature.
When the PTO is hybridized with the target nucleic acid sequence, its 3'-

targeting portion is involved in the hybridization and the 5-tagging portion forms a
16



5sequence conposed of 1-40, 1-30, 1-20, 1-15, 1-10 or 1-5 nucleotides,
preferably 1, 2, 3 or 4 nucl eoti des. According to a preferred
enbodi merW0 20R&96523yne having the 5 nucl ease activity PETHBRBROPAI0YISEr ase
having a 5 nucl ease activity or FEN nucl ease, nore preferably a

t her nost abl e DNA pol ynerase having a 5 nucl ease activity or FEN

10nucl ease. A suitabl e DNA pol ynerase having a 5 nucl ease activity in
this invention is a thernostabl e DNA pol ynerase obtained froma variety of
bacteri al sRgeisgsnd WithnechybeaidiEBgsWEh 88! Bdrfetsnuceitiacid $8QIeEs (dekemgrophi | us
(Tth), Thermus filiforms, 7herm s flavus, Thernococcus IlteraI/s her nos
ant r a/ WAnkAsT lsachyuan @digdumh!otlde; cofﬁpesmgsbotB gifdle-straqdad| asd chbIlemtnaadéd avus,
Thernos igniterrae, Thernos | acteus, Thernos oshimai, |hernus rube, ;

Ther mus r LeIsEUresT may eiaastadodring ers enzyesr MYNgsa Blaudlease ARévitPy as}@’tﬂt\es Z05,
Ther mus speci es r mus qgﬁgg hI|US 7hernotoga maritinme, Therm

7
ot oga neapdlEEH? g'eﬁa{@PWBstPBH%o Pif 62t Ther mococcus litoralis,

Ther motoga. neagBr EEAKEE THErats *ﬁﬁ?&%ﬁ%ﬁ'dﬁﬁ T o i BB coccus

hor i koShi | ol BNHQEAGEY p%mé iproR 6OHsEELWRAREH! AR JBX oPUpGRAK U and

Agui f ex aeo |eus pre era e therm)s?‘ ' e DNA pol ynerase 1s Taq
pol yrreraseongehm@émwés \6at Yoledvbge I@blﬁiﬁ@éﬁs {sevans) pac. Nog. Syp1om15PSAgI@7YEr ases
having a 5° _oudease_activ4 nodified to have | ess polynerase activities.
25The FEN 5,695ﬂ)4krﬁ199ﬂ,ﬁﬂ9easbz 383 2armbU s agplns Pab. SNo. 206§-024K838).i ¢ nucl ease.
The FEN nucl ease suitable in the present invention corrprl ses FEN nucl eases
obt ai ned from & maltltléiey%ﬁorwae'ma? agchaplogies gnay hem;mﬁ\ge Ster the sinayage

| f at h | Th oh ob
venef | Bl HinenadlF s s it e PO &P o 199G Gap PR A8 Port O
anbi val ensy¢ tpggu{nggpg%&% V\D 2012/ 096523PCT/ KR2012/ 000287 anyl ol yti cus,

Desul furococcus yrodi ctium brockii, Thernopcoccus gorgonari us,
Ther mococcus  zlitfiydthere WRlyRARY dites Kﬁaéé\l%ge ﬂ@ie@épf’d)c Firstly! She@iavage
Pyrococcus honkoshii, Aeropyrum perniX Ar chaeagl obus venefi cus.

Wher e t he sitesis agamotion isite betvieen selaybridizitien poreipn ofithe PTO (F-tagefimy pdrtion) hat
the 5conditions for cleavage of the PTO conprise extension reaction of the
upst ream and a non-hybridization portion (5-tagging portion). The second cleavage site is a site
15 located several nucleotides in a 3'-direction apart from the 3-end of the 5-tagging
portion of the PTO. The second cleavage site is located at the 5-end part of the 3'-
targeting portion of the PTO. The third cleavage site is a site located several
nucleotides in a 5"-direction apart from the 3"-end of the 5-tagging portion of the PTO.
According to a preferred embodiment, the initial site for the cleavage of the
20 PTO by the template-dependent polymerase having the 5’ nuclease activity upon
extension of the upstream primer is a starting point of the double strand between the
PTO and the target nucleic acid sequence or a site 1-3 nucleotides apart from the
starting point.
" n rising the 5'-ta
25  portion or a part of the 5-tagging portion of the PTO” in conjunction with cleavage of
the PTO by the enzyme having the 5 nuclease activity is used to encompass (i) the
5'-tagging portion, (ii) the 5-tagging portion and the 5-end part of the 3'-targeting
portion and (iii) a part of the 5-tagging portion. In this application, the term “a

fragment comprising the 5’-tagging portion or a part of the 5-tagging portion of the
17



pri mer. According to a preferred enbodi nent, the upstreampriner is
used in the step (a), a tenpl ate-dependent polynerase is used for extension
of the up¥OrewmMIpI28ner and t he tenpl at e-dependent pol ynBCRASR20E2/40028Mt | cal
to the enzyme having the 5 10nucl ease activity. Optionally, the
upstreamprinmer is used in the step (a), a tenpl ate-dependent pol ynerase is
used for extension of the upstream prinmer and the tenpl ate-dependent
polynmerase is different fromthe enzynme having the 5 nuclease activity. 15
Step (c): PWOTngy Batiseriesdrived@s™profbinehe! eased fromthe PTO with CTO

The fragnent rel eased fromthe PTOis hybridized wwth a CTO (Capturing and
Tenpl ati ng A i Jhauetnedpartedsed in conjlinetidtil With ahg PTOex CTO 3udi ad thebpartliof ect i on
(i) a capturing portion conprising a nucl eotide sequence conpl enentary to

t he 5'-tagdieny-tpeging eartion of tharRTOoithe heemd partxf the gitargeting porsian of thére PTO
and (ii) a_t l.atin rtio onprising a nucleotide sequence X
non- ((:orrit)l e?ﬁe(ﬁtggp}h? or?g?ﬁ pgrt-&aﬁs{%t%wpgn%;mﬁﬁt%g@r.eiee BReeiglegtds i on of

t he PT [ c S t e f e L0 f_th
fragnent SSRGSl ot TR0 1590, Y0 el 30 By 12 SRR Bieferady S,

hybri di zedyd phg hQedtifesand extended to 25form an extended dupl ex.

The tenpl ating portion nay conprise any sequence so long as it is

non- conpl ement aegordidgt toea Sprefer@di BEbe@menynthanehA/he Ravih@teets’ Mucrasd i on of
the PTO Furthernore, the tenplating portion nay conprise any seguence SO

| ong as i tadixity be RNA edlyareraset baypihaitae 5t owcleadee ndlivity @f FENenddeageyemiore

rel eased fromthe PTO WO 2012/ 096523PCT/ KR2012/ 000287 ~As descri bed
above, wheprefarebly ra dhesmostablei RYAt Relymetasg diaving Bo?'t Neslease adhivitypo FEN
released, it is preferred that the capturing portion of the CTO is designed
to confhti sl eoti de sequence conpl ementary to the 5 -taggi ng portion.

Wen the fragmA uitjaﬁl\é![BN’A B Iréste i ga_%OF-.LHQ ea&giw "H‘? vBAtidn Bfathe
r Sle easgﬁg’r@t % d%f a% {]

3'-targeting portion’is i's preferre e capturing

portion of theRRodtdiR IDNAISS|EBRSe bBtaHRAPTOAS Farlthf be Bdtaifal SPEHEN GSluding
conpl enentary to the 5 -tagging portion and the 5 -end part of the

3' -t ar get i Merpastaguaticodh@aq), hetmas) teernopbiusn(Tt), Thetmad fitifoenis, Thegus ng
portion of the PTOis released, it is preferred that the capturing portion
of the CTO%awsdé&Bergrasdcaus lisesalsy iTHermushartraniianic THemmeshordandvliss, chhermasy t o

the part of the 5 -taggi ng 10porti_on.
P 15 chharophilus, 7%grmt?5 ﬂaBus, 7%6’/77%/5 igniterrae, Thermus Jacteus, Thermus

oshimai, Thermus rube;, Thermus rubens, Thermus scotoductus, Thermus silvanus,
Thermus species Z05, Thermus species sps 17, Thermus thermophilus, Thermotoga
maritima, Thermotoga neapolitana, Thermosipho africanus, Thermococcus litoralis,
Thermococcus  barossi,  Thermococcus gorgonarius, Thermotoga maritima,
20  Thermotoga neapolitana, Thermosiphoafricanus, Pyrococcus woesej, Pyrococcus
horikoshii, Pyrococcus abyssi, Pyrodictium occultum, Aquifex pyrophilus and Aquifex
aeolieus. Most preferably, the thermostable DNA polymerase is 7ag polymerase.

Alternatively, the present invention may employ DNA polymerases having a 5’

nuclease activity maodified to have less polymerase activities.
25 The FEN (flap endonuclease) nuclease used is a 5’ flap-specific nuclease.
The FEN nuclease suitable in the present invention comprises FEN nucleases
obtained from a variety of bacterial species, including Sulfolobus solfataricus,
Pyrobaculum  aerophilum, Thermococcus litoralis, Archaeaglobus veneficus,

Archaeaglobus profundus, Acidianus brierly], Acidianus ambivalens, Desulfurococcus
18



Moreover, it is possible to design the capturing portion of the CCOwth
anticipating cleavage sites of the PTO For exanple, where the capturing
porti on OVORRE/ZFi s designed to conprise a nucl eoti de PEEGRINT2000287
conplenmentary to the 5 - tagging portion, either the fragnment having a part
of the 5 -tagging portion or the 15 fragnment having the 5'-tagging portion
can be hybridized with the capturing portion and then extended. \Were the
fragnent conprising the 5 -tagging portion and a 5 - end part of the

3 -targeti %K@M/@HSO Debsiflrédorasoflobilid, PYRIRRMYELL TREn Mot dust gdRgraRLs)r | Ng
portion of the CT(5 designed to conprise a nucl eotide sequence

conpl enent @hgrmiooodche Ziligh, atfathagopous | kandiend Métbancacass gimalis, y Penotenaded

al though 20 mi smatch nucl eotides are present at the 3" -end portion of the
fragment . Moréoshis Asepsnsie pevixrend Asciacaolisi venadéa/sdependi ng on reacti on
conditions althqugh its 3'- end contain i

| .sonme m snat ch nucflegtl e I_ge.g.
1-3 m smat gh nmeé%gri‘%é@tfeam PriM@R 43, Useh in EngypheRt (@it PEST#IGPeR aé-t_e( aggi ng
BN CA R SYM R T

have a nuc&m@,{ de sequence conplenmentary to the cleaved 5 -end part of the
3'-targeting portion, overcom ng problens associated with m smatch

nucl eoti des ( saecdriiflg td - preferred Bhodmadtythet ipetraawl svhérde usediinethesste t he
5'-end part of the capturing portion of the CTO conplenentary to the

cl eaved 5' (@@nal tgraplatesdepehder8’ pahameresd isgusedrfoii extensign 20 thebepsirslasc pritier
dependi ng on anticipated cl eavage sites on the 3'-targeting portion of the
PTO. It isansk Efectempleterdependant polivnerasq ifeidsptical focthsr Enzymeshaviiigy bt of
the capturin ortign of the CTO conplenentary to the cleaved 5 -end part
of the'% -'?%?eﬁg? Fﬁ&%ﬁorti on is 1-10 nucl eotides, nore preferably 1-5

nucl eoti des, sl r - td 3 - of the
CTO may conpri sblghélrﬂ?’tﬁgﬂfﬁ%zrﬁ%@mé@l dggééry(; ﬁ’%v%%g@’ fante fﬁ?&?&% ?ﬂtn W th
the fragmepdlymdBEERRE farEt&RRINGFItAS upstFdanPPrifbr A tHe kempRite-aepatdent a
nucl eoti de sequence conplenentary only to a part of the fragnent (e.g., a
part of t hsolymegseistdifferantefrom tige enizyme haesind the 5t nudigass activityg as it is stably
hybri di zed 10with the fragnent. The term used "capturing portion
conprising a nucl eoti de sequence conplenentary to the 5 -tagging portion or
a part of the 5' -tagging ' i

above. 15The be. desi gned tqa h . i rpi,n .st L The
| ength of the rgrar?ég’e%r%a&gﬁj&o%ﬁfeegfgﬁsgpﬁyé%&q@,& %he qt%nnp_:ir&go
nucl eot i deﬁemdét@%o%@gﬁhag&yegz_s, 7-300 nucl eotides, 7-100 nucl eoti des, 7-80

nucl eot i des, eof | 7-40 nucl eoti des, 15-1000 nucl eoti des,
15-500 nucl eot THeETOLEormsHEes it hePtd dedirection YD0a BatLe®s poeidn cbmpbiging a

nucl eoti des, 15-60 20 nucl eoti des, 15-40 nucl eoti des, 20-1000 nuc?eotides,
20- 500 nuchustEoctide seqéncd Cdmplerherdanydies the2 5'-tagGing uprémt iod s park ®f 3be 5'-

nucl eoti des, 20-60 nucl eotides, 20-40 nucl eotides, 30-1000 nucl eoti des,

30- 5002t uclagging deastiors@f 3be ATG: ped (il astengiatingopertien «omphisieg s muglgotide

nucl eoti desse’qugr?c_eGr%n[]c%%p gr;['ulen grsil t%rthg g’_-tdéggl%gcplo?t%nl gnedsthle %’-t:aeragcﬁn% po-mgn of

the PTO.

The CTO is acted as a template for extension of the fragment released from the

25  form an extended duplex.

The templating portion may comprise any sequence so long as it is non-
complementary to the 5-tagging portion and the 3'-targeting portion of the PTO.
Furthermore, the templating portion may comprise any sequence so long as it can be

acted as a template for extension of the fragment released from the PTO.
19



capturing portion of the -cl1-0- may NEREREN 25hybridized with
the fragnent released fromthe PTO For exanple, the capturing portion of

t he CTO iwWOR0I06528cl| eoti des, 5-60 nucl eoti des, 5-40 nu®CEHR20E2#00028730

nucl eoti des, 5-20 nucl eotides, 10-100 nucl eoti des, 10-60 nucl eoti des,
nucl eoti des, 10-30 nucl eotides, 10-20 nucl eotides, 15-100 nucl eoti des,
15-60 nucl eoti des, 15-40 nucl eoti des, 15-30 nucl eotides or 15-20

nucl eotides in length. The

10

15

20

25

As described above, when the fragment having the 5'-tagging portion of the
PTO is released, it is preferred that the capturing portion of the CTO is designed to
comprise a nucleotide sequence complementary to the 5-tagging portion. When the
fragment having the 5-tagging portion and a 5™-end part of the 3'-targeting portion is
released, it is preferred that the capturing portion of the CTO is designed to comprise
a nucleotide sequence complementary to the 5-tagging portion and the 5-end part of
the 3'-targeting portion. When the fragment having a part of the 5'-tagging portion of
the PTO is released, it is preferred that the capturing portion of the CTO is designed
to comprise a nucleotide sequence complementary to the part of the 5-tagging
portion.

Moreover, it is possible to design the capturing portion of the CTO with
anticipating cleavage sites of the PTO. For example, where the capturing portion of
the CTO is designed to comprise a nucleotide sequence complementary to the 5'-
tagging portion, either the fragment having a part of the 5'-tagging portion or the
fragment having the 5-tagging portion can be hybridized with the capturing portion
and then extended. Where the fragment comprising the 5-tagging portion and a 5'-
end part of the 3'-targeting portion is released, it may be hybridized with the
capturing portion of the CTO designed to comprise a nucleotide sequence
complementary to the 5'-tagging portion and then successfully extended although
mismatch nucleotides are present at the 3'-end portion of the fragment. That is
because primers can be extended depending on reaction conditions although its 3'-
end contains some mismatch nucleotides (e.g. 1-3 mismatch nucleotides).

When the fragment comprising the 5'-tagging portion and a 5-end part of the

7 . . - 7

may be designed to have a nucleotide sequence complementary to the cleaved 5"-end
part of the 3’-targeting portion, overcoming problems associated with mismatch
nucleotides (see Fig. 1).

Preferably, the nucleotide sequence of the 5-end part of the capturing portion

of the CTO complementary to the cleaved 5-end part of the 3'-targeting portion may
20
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tenpl ating portion of the CTO may have any length so long as it can act as
a tenplate in extension of the fragnent released fromthe PTO For exanple,
t he tenplOI20tR/(96328i on of the CTO is 2-900 nucl eoti des, PETARROIHDISGL | des,
2-300 nucl eotides, 2-100 nucl eoti des, 2-80 nucl eotides, 2-60 nucl eotides,
2-40 nucl eotides, 5 2-20 nucl eotides, 5-900 nucl eotides, 5-400

nucl eoti des, 5-300 nucl eoti des, 5-100 nucl eoti des, 5-80 nucl eoti des, 5-60
nucl eoti des, 5-40 nucl eotides, 5-30 nucl eotides, 10-900 nucl eoti des, 10-400

nucl eot i dese sdif-ted® depenairgin setfipaldt 84Vage sit@oén EBRS3-tafetidd Bortida ot dli¢ des,
15-80 nucl eoti des, 15- 60r@nucl eotpi des, 15-540 nucl eot i déﬂs@eoﬁ@?& 20

nucl eot i deBTO.rt iepgfdnabld BAdtehd nudeactidef seqhendeTdd tha \b™-bad pard oB'theOcapterimg nal .
Preferably, the 3'-end of the CTOis blocked to prohibit its extension. The
non- ext endp®tien Wf dbRi G epmpleamentary faytheecieavier e¥=idi parh®f dhe adrderagiing

conventional . neth . For _instance, .the bl ocking. pay bhe perfo y, addi ng
Cothe 5t T 10 ruERoueR: Fons Biererty D rHECHES sl e ety 0

noi ety ucﬁhc%%timi%ti n, |abels, a phosphate group, alkyl group,

non- nucl eot1 de | i nker, phosphorot hi oate or al kane-diol. Alternatively,

the bl ocki ng mgye beeRardrid O Y, EGABNdeNSdditihal nuBESKdRSYhot9in0diRecPin t he

| ast nucl eotide or using a nucleotide wth no 3'-hydroxyl group such as
di deoxynuchybgidizdeon with theTfrggrhértg Moreoves | theseaptirirgnporien RFQhesCTY maydi zed
with the CTO providing a formsuitable in extension of the fragnent.

Al t hough atomprise gesudadtiBd Gequenat sompoentary iodlyztede part tof tiefregpentr (e,
portion of the CTO through its 5'-tagging portion, its 3" - targeting
portion is@ Ratt ahybe fragmpent ¢antaipiag G#ég ®ART PR 8P teNndsas hés stablrdyPadizedt an
ext ended d‘bj(ﬁl ﬁ%('f t The hybridization in the step (c) can be descri bed
in det ¥ 1 W% HSEILPMtng to descriptions in the step (a) 25 Step (d):

Extensi on of thfo f1aAMEMes “caprulE BEHBASIBMHSAG OThcRofifd T befleRtd USi N9

the resultant of the step (c) an enpl at'e- depenhdent nucl el c

pol yner as ecomigleéméntagmed ithé Y2k dddi Miohhot [3e p&RPéfUtHeN G- RRGINGOPorBibn e CTO
is extended to forman extende%r?ﬁgloex. In cgntrast, Zzﬁggngl g?ived PTO
hybr i di zeddesctitted hereimafit encamgpase Mariouws désigriseaidl Compositidnseaft Hedeaptanirgh t hat
no extended duplex is forned. The term used herein "extended dupl ex"
means a dupdrien pbthedd ogs disqussest wveeaction in which the fragnent

hybridi zed with the capturing portion of the CTOis 5extended using the
tenpl atsi ng por P8 & TBMenRe @5?9’%9 tg heve @ harin SHYCUFR: ¢ enpl at e-

The length of the CTO may be widely varied. For example, the CTO is 7-1000
nucleotides, 7-500 nucleotides, 7-300 nucleotides, 7-100 nucleotides, 7-80
nucleotides, 7-60 nucleotides, 7-40 nucleotides, 15-1000 nucleotides, 15-500
nucleotides, 15-300 nucleotides, 15-100 nucleotides, 15-80 nucleotides, 15-60

20 nucleotides, 15-40 nucleotides, 20-1000 nucleotides, 20-500 nucleotides, 20-300
nucleotides, 20-100 nucleotides, 20-80 nucleotides, 20-60 nucleotides, 20-40
nucleotides, 30-1000 nucleotides, 30-500 nucleotides, 30-300 nucleotides, 30-100
nucleotides, 30-80 nucleotides, 30-60 nucleotides or 30-40 nucleotides in length. The

25  hybridized with the fragment released from the PTO. For example, the capturing
portion of the CTO is 5-100 nucleotides, 5-60 nucleotides, 5-40 nucleotides, 5-30
nucleotides, 5-20 nucleotides, 10-100 nucleotides, 10-60 nucleotides, 10-40
nucleotides, 10-30 nucleotides, 10-20 nucleotides, 15-100 nucleotides, 15-60

nucleotides, 15-40 nucleotides, 15-30 nucleotides or 15-20 nucleotides in length. The
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dependent nucleic acid pol ynerase. The extended dupl ex has different
Tm val ue fromthat of the hybrid between the uncleaved PTO and the CTO
Pr ef er abl WO 20128096528ended dupl ex has hi gher Tm val ue t haRCTAR2M12410D287bet ween
10 the uncl eaved PTO and the CTQO The Tm val ue of the extended dupl ex
is adjustable by (i) a sequence and/or length of the fragnment, (ii) a
sequence and/or length of the CTOor (iii) the sequence and/or |ength of
the fragnent and the sequence and/or length of the CTO It is a striking
feature of tehiptatiigepelibn | dFV@RL CTO rhiipthaldangdengthadd fonbTey &l dgn @kt B 4 he
extended duplex i's enployed to give a target signal indicative of the
presence ofenphate et @terastbrd op Itk flagneat trelegsedhfromx then @T0. doplegample, the st ep
(e). The termused herein "Tnt refers to a nelting tenperature at
whi ch hal ftemphatingl acition of theuGT@ ist 2908edudieatides.c 24000 nwpleetidase 2-30@
di ssoci ated to si ngzlee-str nded nol Ecul es. The Tm val ue is_determ ned

25

Fengtn andeieiBenitdohdeaen e bshebtom obhidetin 2 9 iy Sy be
o SN er et IRtk o 30p RITREReS 5 0f B £-408 BieBiasR 530 ot hod

(Sant aLuci idbs » 5- idBlco tﬁj‘nﬂ ides Ok T 98 nLicleStigtsnot 0
N, et al ﬁu l?g\rljésl’cs g%ir@'gle&té%s: %24: E%é&fgg(S?%gégﬂe%%%&c? di@ngcte 0 as'
preferred gorboslinmEastidesh€0-400 vatlestidesf €0-300 hulebtidds, 153906 nigkotidds nger
reaction conditions actually practiced. The t enpl at e- dependent

nucl ei ¢ acl@ potlgotiztess é5-88enidavtites; B3-6p nUdpotides, i16et0udeclentides wel E5-20 aci d
pol ynerases, for exanple, Kl enow fragment of E. coil DNA polynerase |, a
t her nost abnecleotidepnl lordthase and bact eri ophage 17 DNA pol yner ase.

f bly, th ' h I i ¢ch b
et e Ry, PR AIERER T ok RSO0 SR, WKL R YR o
aquati cus ¢Fae) blogﬂéﬂrtp!pﬁ’éhiﬁif'ﬁé %%ﬂéiBH.sTr(eTﬁ -extIPcﬂBl@‘.Hl‘cftkI;.‘ | deteRE Ers %J‘e”“ S
flavus, Thérnococcus Titeralis, ermus antranrkianil; Her mis “cal'd phl | us,

7hermus chhd geaiiablin ecofddHcBWith dorVértiondINREIROHS. FoB stk 2e bISHRING rHay
| acteus, Thermus oshimal; Thermus rube; Thermus 5 rubens, Therm us

scot oduct ulse péffierradusy addiid tontre, 3"-Hydroxyisgrapp of ¢tise EESnucléatideofithe EFCIeSs sps
17 Thermus therm ophilus, Therm otoga maritim, Therm otoga neapolitana,
Ther nosi pheheafical oxiely sudhhes biokim debels, amhosphate guasiphakyaroup, Tiepmusleotidas
gorgonarius, Therm otoga maritjma, Therm otoga neaﬁgl kana,

Ther noi phBies i%‘ﬁ‘fﬂi@!"t ipptsccRikanerdiol fkerpatrely th‘PP Kipg ey bperEed °_Ut
o R PR R SRS TR G SRR BN
nucl ei ¢ ackd, BRIYMEHAS Sudh®as @deAPhdcidtiag -
The fragment released from the PTO is hybridized with the CTO, providing a
form suitable in extension of the fragment. Although an undigested PTO is also
20  hybridized with the capturing portion of the CTO through its 5’-tagging portion, its 3'-
targeting portion is not hybridized to the CTO which prohibits the formation of an
extended duplex.
The hybridization in the step (¢) can be described in detail with referring to

25

Step (d): Extension of the fragment

The extension reaction is carried out using the resultant of the step (¢) and a
template-dependent nucleic acid polymerase. The fragment hybridized with the

capturing portion of the CTO is extended to form an extended duplex. In contrast,
22



According to a preferred enbodi nent, the enzyne having the 5 nuclease
activity used in the step (b) is identical to the tenpl ate-dependent
nucl ei ¢ NDQRRAIHWBynerase used in the step (d). Mre pPETALRAIA00028Ge
enzynme having the 5 nuclease activity used in the step (b), the

t enpl at e- dependent nucleic acid pol ynmerase used for extension of the
upstream priner. and the tenpl ate-dependent nucleic acid pol ynerase used in
the step (d) are identical to one another. The extended dupl ex has a | abel

ori gi nat edyddeaved PTo&yblidizsd wihend edpliridd pdrash bPtrOCTd e mdt@xidnasasnth and/ or
the CTQ, (ii) a label 'incorporated into the extended dupl ex during the

ext ensi on thetnd extenddd duplexais ffertredd. | ncor porated into the extended dupl ex
during the extension reaction and a | abel linked to the PTO fragment and/or
the CTO or (i Vhe&erm usask herpiat extgndethduplex means aduplex formesycedersienti d

sequence because the extended duplex, is fornmed when the target n eic acid
sequence i'§agiaBsBnyhiciedhe g‘@ﬂ@@f‘? Elﬁbrtq'ﬂ?dp‘?"é'%é"r‘ﬁ:éafbtf’”’t‘%éogﬂne%dé‘ﬁ @fé)l'%x in a

i anal 3 o PO isd g hEERBEHE) SrolE Yt Bk Frodsce sthRHs PR W o
provi des ayseHfdH: n‘&@l@{&%iodﬁ‘dﬂﬁﬂ%b&% on whet her the extended duplex is in a
or e strand, fi

doubl e stra si ng nally giving the target signal

i ndi cative of fhe eRteRaedeaplek HabaliffrbTHE Galde Fraw that drethii iypriefbetleen
extended duplex. Step (e): Melting of the extended dupl ex 5Fol |l owi ng the

ext ensi on theaotleaved RTiGearekther@® dupl ex is nelted over a range of
tenperatures to give a tarxget sidgnal i ndi cative of the presence of the

ext ended dupl eRreferably, theeextendgdtdupleyhas highgsr oy valdgithap the)hylrid hefweerpne
| abel |inked to the t d/or the CTO, (ii) a label incorporated into
t he exloent}gﬁ ugelsRved %@gﬁp@@b«ext ension reaction, (iii) a |abel
i ncor porated i e i . ensd i and a
oo PP e ¢ e B B Sl bl Rl e 05 DL AI
label. — |engthh thefrAgHemd (e &iqlende?dridiPér IBhEHAAF the@T0DrAMY tid SHy@kbn&apabl e
of indicating the presence of the extended duplex. For exanple, the target
si gnal i ncandderSlengthiof tied frignentlantiehe séqiiepcabndjoniengthi afthe CTEXt i ngui shnent ) ,
a signal change from | abel s (signal
It is a striking feature of the present invention that the adjustable T, value of
15 the extended duplex is employed to give a target signal indicative of the presence of
the extended duplex by melting the extended duplex in the step (e).

The term used herein “T,,” refers to a melting temperature at which half a
population of double stranded nucleic acid molecules are dissociated to single-
stranded molecules. The T, value is determined by length and G/C content of

20 nucleotides hybridized. The T, value may be calculated by conventional methods such
as Wallace rule (R.B. Wallace, et al., Nucleic Acids Research, 6:3543-3547(1979)) and
nearest-neighbor method (Santalucia J. Jr, et al, Biochemistry, 35:3555-
3562(1996)); Sugimoto N., et al., Mucleic Acids Res., 24:4501-4505(1996)).

__ According to a preferred embodiment, the T, value refers to actual T, values

25  under reaction conditions actually practiced.

The template-dependent nucleic acid polymerase used in the step (d) may
include any nucleic acid polymerases, for example, Klenow fragment of £ co/i DNA

polymerase I, a thermostable DNA polymerase and bacteriophage T7 DNA polymerase.

Preferably, the polymerase is a thermostable DNA polymerase which may be obtained
23



15i ncrease or decrease), a nelting curve, a nelting pattern and a nelting
tenperature (or Tm val ue). According to a preferred enbodi nent, the
target siyOR1YW6R3si gnal change fromthe | abel on the ECTARIOR/WNSTex in
the nelting step. The signal change nmay be obtai ned by neasuring signals at
not less than two different tenperatures. 20 Alternatively, the target
signal is a nelting curve, a nelting pattern and a nelting tenperature (or
Tm val ue) obtai ned by nmeasuring signals fromthe | abel on the extended

dupl ex ovefroR §aRgityObf LRBRARIASPECRS, iRty Fle¥nus MBUEAREITRE), t FREPRLAL ur es

is a range of tenperatures for a nelting curve anal ysis or tenperatures
around t hetfermaphiue (Tth}, hehemnsn deibriip| eherndd Theus Xt Rigtadcadoysl eliterakss
hi gher Tm val ue than the hybrid between the uncleaved PTO and the CTQO
Ther ef or e, Théreusxanraaédniu phermusrad/dopbiltrsy Irednes thlisraphdiss, f Breemus wevas ng
patterns fromeach other._Such different nelting patterns permit to
di scri mi nalBeraus 9g€eTas gilrmes deatien - 1heriges ashigiah dhermies Hoes et i8Sl t i ng
pattern or | ti t enperat ure geperates.the t et signal ether with a
Dol ¢ abis | 0B e Respcpadtictisd THEIRLS” 3ol o Philusco s &4F ooy
conventi on L 2C | oGi e LNl ud) bt e iy 1€ k) kal i,
f or mam de, %er‘:%aeg a g g ’ch?(%Wr (La*g%}r?r'egb f?y’%n%g}g{)@%m%%@gégeﬁéﬁgﬁtg%case
action), apghdaliesmb N ThernmtspinSafritsius) ThbAmseccus RokEs,t Thamoebecds Pardsehi eved
by heating at tenperature ranging from80C to 105C. Ceneral nethods for
acconpl i shirhgmdaoccus r ergomatiusr eTherootaad grifimse p IThSamdtogo k neapoliéana,
Mol ecul ar doning, A Laboratory Munual, Cold Spring Harbor Laboratory
Press, Col dhapraspioateicanss, Rrococaeofyriosus(Piu), Pyroqageuss uveessl e Pyrasedcisig
systens used.in this invention are various jn terng of thejr 10types,
boat i Bhe BATiOSHl TN, S P adkTin occuliin faex R orliS B8 AR of i
inthis in | | SGLI ' \J f .ol - abhel- | i nked
to the fraé‘?r@%{/ggbr/#/toﬂr)refegae%%eA%%rlé&?hagS%@egt 3‘?‘8‘1@& Lr]ée?d é)m%?#e%t ,7'-3 he
target sighsmbss®r ovi ded by at |east 15 one label linked to the fragnent
and/ or the O As the extended duplex is forned between the PTO fragnent
and CTQ, eithencidrdingaloeh preferded éthbbdimegtyethe enzyme hivind"the i% ruckasnt on
t he extended dupl ex, providing the target signal in the nelting step.
activity used in the step (b) is identical to the template-dependent nucleic acid

15  polymerase used in the step (d). More preferably, the enzyme having the 5’ nuclease
activity used in the step (b), the template-dependent nucleic acid polymerase used for
extension of the upstream primer and the template-dependent nucleic acid
polymerase used in the step (d) are identical to one another.

The extended duplex has a label originated from (i) at least one label linked to

20 the PTO fragment and/or the CTO, (ii) a label incorporated into the extended duplex
during the extension reaction, (iii) a label incorporated into the extended duplex
during the extension reaction and a label linked to the PTO fragment and/or the CTO,

or (iv) an intercalating label.

25  nucleic acid sequence because the extended duplex is formed when the target nucleic
acid sequence is present. For detecting the presence of the extended duplex in a
direct fashion, an extended duplex having a label providing a detectable signal is
formed in the step (d). The label used on the extended duplex provides a signal

change depending on whether the extended duplex is in a double strand or single
24



The | abel includes an interactive dual |abel and a single |abel. 20 (i-1)

I nteractive dual | abel The interactive | abel systemis a signal

gener at i NYOYRAWM283n whi ch energy is passed non-radi oacPCYHR202A0028ENn a
donor nol ecul e and an acceptor nolecule. As a 25energy transfer) | abel
systemincludes a fluorescent reporter nol ecul e (donor nolecule) and a
quencher nol ecul e (acceptor nolecule). In FRET, the energy donor is
fluorescent, but the energy acceptor may be fluorescent or non-fluorescent.
I n anot her stféh'izimﬂhfally @tﬁ{@%é va?gétaaghalsmakam oft b PRBERE BORWY ekended

non-fl uorescent, e.g., & chrondphofe, and the energy acceptor is

fl uorescenduplémbwmbltlag@fUm”eﬂmdndafup&& WO 2012/ 096523PCT/ KR2012/ 000287

i nteractive | abel systens, the energy donor is |umnescent, e.g.

bi ol um nescent, chem | um nescent, el ectrochem | um nescent, and the acceptor
I's fluorescent, The donor nDIecuI -nd t he acceptor nol ecul e may be

descri bed 2teP(@)eMeltic extended duplex cncher nol ecule in the present

PYEDLIn, e BB o RELESRBALN, o e SN s WG
sequence) ﬂeﬁw F‘d%@rre?ttﬁguv@é t’aﬂje‘?‘s RblliNGic déutﬁ‘/Q‘%th ;?rﬁe?é’ﬂ%e o?‘?r‘iee?:ﬁén’?&e%r & the

FRET | abel I ntera t| ve system I rst odi nent
(Intrast rand | mhenaglet vignaluisl proaédal by (@Cﬁtne@stfdnresnab@rmméa & the Glagment

i nteractive dual |abel system the fragnment or the CTO has an interactive
dual | abel andgomithesiGT®, aii) ezpdalb@rmwbeuatdcb irdodthe gxtenddte dupiekeduring, theher ei n
the nelting of the extended duplex in the step (e) induces change of a

si gnal frosstension rrastient (i)ea dakel inegsporates gméhe rﬁe(tqr&ﬁgeﬁupéqx@;ﬁamng e he
step (}e(%t e%(?geq?ﬁciqr ge;actelér'\b %gldgﬁ?gatbgp mlEe?jetol g’% e{;ragcrwaplltearcli or trlyéjl k&% So¥s(t v%m s

i |l ust

intercalating label.

The term used herein “target signal” means any signal capable of indicating the
presence of the extended duplex. For example, the target signal includes a signal
from labels (signal generation or extinguishment), a signal change from labels (signal

15 increase or decrease), a melting curve, a melting pattern and a melting temperature
(or T, value).

According to a preferred embodiment, the target signal is a signal change from
the label on the extended duplex in the melting step. The signal change may be
obtained by measuring signals at not less than two different temperatures.

20  Alternatively, the target signal is a melting curve, a melting pattern and a melting
temperature (or T,, value) obtained by measuring signals from the label on the
extended duplex over a range of temperatures. Preferably, the range of temperatures

is a range of temperatures for a melting curve analysis or temperatures around the Ty,

25 The extended duplex has higher T, value than the hybrid between the
uncleaved PTO and the CTO. Therefore, the extended duplex and the hybrid exhibit
different melting patterns from each other. Such different melting patterns permit to
discriminate a target signal from non-target signals. The different melting pattern or

melting temperature generates the target signal together with a suitable labeling
25



15The first enbodinent is named as an intrastrand interactive-dual |abel.
First Enbodinent in Fig. 2 (Intrastrand interactive-dual | abel) The
exenpl i f &0 20196528ent i s described with referring to FPGT/KR20T290287

tenpl ating portion of the CTO has a reporter nol ecule and a quencher

nol ecul e. The 20 PTO hybridized with the target nucleic acid sequence is
digested to rel ease the fragnent and the fragnent is hybridized with the
capturing portion of the CTO and extended to formthe extended dupl ex.
When t he gipgled duplex is formed in the step (d), the reporter nolecule
and the quencher nol ecule on the CTO are conformationally separated to
allow the  25Theewithrey mapbecarried oat by qoreentiond eechhgibgies,findudibdyebut epdr t er
nol ecul e; wherein when the extended duplex is nelted in the step (e), the
reporter niishitesliite, dedtindealialnbdreamidd, eurﬂaeaad eglvcnxﬁbrtrmtmmtaleryzymdtiecent
to each other to allow the cluencher mol ecul e guench the signal fromthe
reporter nPE®Ods &-9<belirassac 'Q“Prea’ldatr'%f‘g Qf(tjﬁéﬁ F°§"1§F%ﬁr the melENE canePE ne

presence, Shabds B WSy, rtaagea@rwrhmleogr o SRR voed
conf or mat ' h?{shﬁ-gir a3 riFeat ANgrel r%MdEP BeéarHRJoSI‘E “Ete aﬁngfrorébzs/ar

quencher e three i mensi onal ent to edch ot’h

conformati g/aa)ngsw ushorsnPMane), faohD rspﬂﬁg qrarEHrosttﬁﬁto@s Pres8 d @BIdC gF.hng’amd
hai rpin structure. 5 The expression used herein "the reporter ecul e and

t he quenchidarbopNet(@061)ar e conformational ly separated” neans that the
reporter nolecule and the quencher nolecule are three-dinensionally
separ at ed by cﬁbﬁg@lt?iﬂ'e labelingr ypleansi usad in Yis invention ase variustin feymsraf t%?"’ CTO
upon the formati Preferably, the target

si gnal 1%;i vR¥ReS @H@%ﬁ@ﬁ?@?g?%?%fgs%“ti ng curve, a 10melting pattern or
a Tm val ue thatl’hé ﬁ?l%%? O%&Sfenﬁyuﬂlﬂswgﬂgrr%ﬁp&emﬁl tehgeggrrb'éﬁf{)?ﬁ%%&'ﬂ égnal

generated in th to a odiment
reporter ngah&pyl e and the quencher nolecule nmay be | ocated at any si te on
the CTO, so long as the signal fromthe reporter nolecule is quenched and

unguenched(i} eabeldinkkdto thd fragment andd o the CNoded dupl ex. According to
a preferred enbodi nent, the reporter nol ecul e and the quencher nol ecul e
bot h are | i nkeéctosding do aeprpfemed regnhodinmendn ther targettsignat isppravided)bp of ldash of
the CTQO According to aJor eferred enmbodi nent, the reporter
nol ecul’e a?ne lehe linkedh ip dhe fragment and/or the CTO. As the extended duplex is formed
between the PTO fragment and CTO, either the label on the PTO fragment or on the
CTO is present on the extended duplex, providing the target signal in the melting
step.
The label includes an interactive dual label and a single label.
20
(i-1) Interactive dual label
The interactive label system is a signal generating system in which energy is
passed non-radioactively between a donor molecule and an acceptor molecule. As a
25 energy transfer) label system includes a fluorescent reporter molecule (donor
molecule) and a quencher molecule (acceptor molecule). In FRET, the energy donor is
fluorescent, but the energy acceptor may be fluorescent or non-fluorescent. In

another form of interactive label systems, the energy donor is non-fluorescent, e.g., a

chromophore, and the energy acceptor is fluorescent. In yet another form of
26



20mol ecul e are positioned at 5 -end and 3' -end of CTO According to a
preferred enbodi nent, one of the reporter nolecule and the quencher

nol ecul e WO 2012409631 s | ocated at its 5 -end or at 1-5 nRCTER2PAH2BHar t
fromits 5 -end and the other is |located to quench and unquench the signal
fromthe reporter nol ecul e depending on conformati on of CTO 25According to
the preferred enbodi nent, one of the reporter nolecule and the quencher

nol ecule on the CTOis located at its 3" -end or at 1-5 nucl eoti des apart
fromits Jntppdivandbdngs =T theS e} Rt ®fhok Qs AURIHeBcerRd el AbiBAThedsbentsi gnal
fromthe reporter nol ecul e depending on conformation of CTO According to a
preferred eehiidminestent] eiectregrenilmimastentylandathd tiseptpreiscfgorescent. eThd e ar e
positioned at no nore than 80 nucl eotides, nore preferably no nore than 60
nucl eot i dedgnos mdlé¢culepansl theefceeptbt nofesuleomay be desaided as lacepprdersmolecilpn  nuch
nore preferably no nore than 25 nucl eoti des apart _from each ot her.

Accor di ng ¥ %%@@f‘@?m@@%ﬁﬁbmerﬁﬂfﬁ?‘%m!W@”W%é&pﬁt"ﬁm ecul e and t he quencher

I I 5 t b | t 4 | eoti d ly.at | t

o nucl St | des. PLetpRYecdaft mndidhie raHe pr&ntsr P bR PiEL SR (18l ch S
f I t4 e e i on,

wbri 0 bettdrésdhbe e ek HEGE e Sequence) is dénbhfehESMBACD Rl on. @

t enpl at i ngsyBRkis, BHore®prefétablTike FRET RBEI FysteW (/b aetdttid agdl ilabel sjsedm). 10 | abel
as shown in Fig. 2, a signal change fromthe | abel on the hybrid between

t he uncl eaved PTO and the CTO is not induced. Therefore, the hybrid does
not provide a non-target sl‘?nal. Where the capturing portion of the

CTO i s | abel edFirsttBmnbodimentdrndrastrand iterpctivgrdual labeld hybri d bet ween t he

| d PTO and th o} i des. - t i gnal jin, 15 t | ti
e R TS BRS AP RPeR s S B Bbebh R, 4 bt Bu s 100
the hybri it Lscr i 1 ' dupl
from i he OIS s g, IferdRE" A IEF chisrigifd A ecBrlMolllind afic 3 pidchg: CuP!

(1 ntrastrapglebdléChAcinthe Hiétind 8P@le)exteHRiEARIUBRR TR tH iteFl (& TRaGeIRABNdeS
described wth referring to Fig. 6. The 5 -

of a signal from the interactive dual label to give the target signal in the step (e). The

first embodiment of the interactive dual label system is illustrated in Figs. 2, 6 and 9.

15  The first embodiment is named as an intrastrand interactive-dual label.

First Embodiment in Fig. 2 (Intrastrand interactive-dual label)

The exemplified embodiment is described with referring to Fig. 2. The
templating portion of the CTO has a reporter molecule and a quencher molecule. The
20 PTO hybridized with the target nucleic acid sequence is digested to release the
fragment and the fragment is hybridized with the capturing portion of the CTO and
extended to form the extended duplex.
When the extended duplex is formed in the step (d), the reporter molecule and
_ the quencher molecule on the CTO are conformationally separated to allow the _
25  quencher molecule to unquench the signal from the reporter molecule; wherein when
the extended duplex is melted in the step (e), the reporter molecule and the
quencher molecule are conformationally adjacent to each other to allow the quencher
molecule to quench the signal from the reporter molecule, such that the target signal

is given to indicate the presence of the extended duplex in the step (e).
27



taggi ng portion of the PTO has a reporter nol ecul e and a quencher nol ecul e.
The PTO hybridized with the target nucleic acid sequence is digested to

rel ease tWe 2p12496a28t conpri sing the 5' -taggi ng porti on RCTKR2AE/006I86r t er
nol ecule and the ilh !'.0 .11-.8 OS5/ ell I'M 25Wen the extended duplex is
formed in the step (d), the reporter nol ecule and the quencher nol ecul e on
the fragnent are confornmationally separated to all ow the quencher nol ecul e
to ungquench the signal fromthe reporter nolecul e; wherein when the

ext ended dupl expi exprebdielutdl hdreinStRPrdpRiter FidfeclRPA the diRh&fIrgolédute t he
guencher nol ecule are conformationally adjacent to each other to allow the
quencher arel @afdrmationaljy extfdrenttiemsargnihlat thieo repiohter megeoutee andnthee quérehesuch
that the target signal is given to indicate the presence of the extended
dupl ex i n mhlecde epre( éhree-dimensignally dadiecend t@ greh evtherd bymiso@pPRfeATatiangk
reporter nol ecul e and the uegﬁ_her nol ecul e i}ako,cat ed at any site on

I Yy b
the fragneHtuctys of fiefragmenor STHRYCh 85 RRCORECAY; el S$BICEE e i s quenched

R0 a oot or r ed THR Bad er Oeke Berbi" e erblit: MR IE Tncher ol bEE1 S
mol ecul e O&et&ﬁgrﬁmi 35§ﬂ5@93%n|§‘gh2%tttﬁe Sepiitd MRbledlie nd theIglaRhkdes

apart fromits e ot her ocated to quench and unquench the
si gnal fr ofblebgle Hpé efresidihernaiy képariaee hi dhangé of andopformiationsl Gtruttnee

fragnment. According to a preferred enbodi nent, the reporter nol ecule
and t he quefrtbaé&agmehiecruCEO apen thedotmativadf @t daublenstrapdt han 50 nucl eot i des,
nore preferably no nore than 40 nucl eotides, still nore preferably no nore

than 30 nucl eoPrefierablysthe taragtc#ianadraivesy i Eneastep ($d iRpvdest MEWNICURRe %ot i des
t f h her . di t .1 ferred enbodi . th
Fepor t Ut B8 PERErhr dolin Bt AlPioEd oY U AR ST B BeoPREL: 4
nucl eot i de gnﬂ?%ﬁer&e@fiﬂr?eb%téf ?&) | east 6 nucl eotides, still nore preferably
nucleoti des, F

at least 1 S huch nore preferably at |east 15
nucl eoti des.  Accordifig &@ag&&@%_&%mu&alﬂm&g fhe repartdlyRblieclI® Shuesd qlidither

uncl eaved PTO and the CTO provides a non-target signal in the nelting step.
I n this caselectilbemal bédoeated at ranysite on the CTO, so long as the signal from the
reporter molecule is quenched and unguenched depending on melting of the
15  extended duplex.
According to a preferred embodiment, the reporter molecule and the quencher
molecule both are linked to the templating portion or to the capturing portion of the
CTO.
According to a preferred embodiment, the reporter molecule and the quencher
20  molecule are positioned at 5-end and 3"-end of CTO.
According to a preferred embodiment, one of the reporter molecule and the
quencher molecule on the CTO is located at its 5-end or at 1-5 nucleotides apart from
its 5-end and the other is located to quench and unquench the signal from the
_ reporter molecule depending on conformation of CTO . .

25 According to the preferred embodiment, one of the reporter molecule and the

quencher molecule on the CTO is located at its 3"-end or at 1-5 nucleotides apart from
its 3"-end and the other is located to quench and unquench the signal from the
reporter molecule depending on conformation of CTO.

According to a preferred embodiment, the reporter molecule and the quencher
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20val ues of the extended duplex and the hybrid permts to discrimnate the
target signal of the extended duplex fromthe non-target signal of the
hybri d. S¥0aeat2/@®6i28di ment (I nterstrand interactive-dual PCABGR2P12/000287¢7?7?
-.see. se:.. .0 0" b rEo111212 0 bt

molecule are positioned at no more than 80 nucleotides, more preferably no more
than 60 nucleotides, still more preferably no more than 30 nucleotides, still much
more preferably no more than 25 nucleotides apart from each other. According to a
preferred embodiment, the reporter molecule and the quencher molecule are
5 separated by at least 4 nucleotidés, more preferably at least 6 nucleotides, still more
preferably at least 10 nucleotides, still much more preferably at least 15 nucleotides.
In the present invention, a hybrid between the uncleaved PTO and the CTO
may be formed.
Where the templating portion of the CTO is labeled with an interactive dual
10 label as shown in Fig. 2, a signal change from the label on the hybrid between the
uncleaved PTO and the CTO is not induced. Therefore, the hybrid does not provide a
non-target signal.
Where the capturing portion of the CTO is labeled with an interactive dual label,
the hybrid between the uncleaved PTO and the CTO provides a non-target signal in
15 the melting step. In this case, the difference in T, values of the extended duplex and
the hybrid permits to discriminate the target signal of the extended duplex from the

non-target signal of the hybrid.

First Embodiment in Fig. 6 (Intrastrand interactive-dual label)

20 The exemplified embodiment is described with referring to Fig. 6. The 5'-
tagging portion of the PTO has a reporter molecule and a quencher molecule. The
PTO hybridized with the target nucleic acid sequence is digested to release the

fragment comprising the 5’-tagging portion with the reporter molecule and the

25 When the extended duplex is formed in the step (d), the reporter molecule and

the quencher molecule on the fragment are conformationally separated to allow the
quencher molecule to unquench the signal from the reporter molecule; wherein when
the extended duplex is melted in the step (e), the reporter molecule and the

quencher molecule are conformationally adjacent to each other to allow the quencher
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250ne of an interactive dual |abel conmprising a reporter nolecule and a
quencher nol ecule and the CO has the other of the interactive dual |abel;
wher ei n tWe 26119632 of the extended duplex in the step PEY/KRMAWE28¢Zhange
of a signal fromthe interactive dual |abel to give the target signal in
the step (e). The exenplified enbodinent is described with referring to
Fig. 8. When the extended duplex is fornmed in the step (d), the
signal fromthe reporter nolecule linked to the CTO is quenched by the

quencher  npbrewk €o lUEH@ChE RignBEfréth Ghe or Afolecles RAat Y B etargét sighal €d i n

the step (e), the reporter ol ecule and the quencher nol ecul e are separated
to al | ow tibgivgHeo iritivatertiegredence of theraxtenaet duplex i theadtep (e)m t he reporter

nol ecul e, such that the target signal is given to indicate the presence of
t he ext ended dAptassing ho arrefetred efrbodiment, thefepdrterabblecule laad tthe geencbegnal
given in the step (e) includes a nelting curve, a nelting pattern or a Tm
val ue t hatMPiECdemavnied'osgtersh 2oy iskg oeﬁaggj@gmenbrﬁ@ long, g5 élzecga@algf%me from

the interactive dual |abel. 1QThe reporter nolegcul e.and the guen r

ol ecul’s. rEpPE el 5 cushehel 2B 0 PhauEachR: Pafid o, hefie e o,

|l ong as t ' omthe reporter nolecule is quenched by the quencher
nol ecul e Pﬁdﬂ%ag? %%ded dupl ex. According to a preferred enbodi nent,

the reporter npt&rdihg téra phferfiée BMBEHIMBAL eord 6f tHe idportBT Pdidcaemd thes
| ocated at the 5 -end of the 5 -tagging portion.
quencher molecule on the fragment is located at its 5-end or at 1-5 nucleotides apart
from its 5-end and the other is located to quench and unquench the signal from the
10  reporter molecule depending on conformation of the fragment.

According to a preferred embodiment, the reporter molecule and the quencher
molecule are positioned at no more than 50 nucleotides, more preferably no more
than 40 nucleotides, still more preferably no more than 30 nucleotides, still much
more preferably no more than 20 nucleotides apart from each other. According to a

15 preferred embodiment, the reporter molecule and the quencher molecule are
separated by at least 4 nucleotides, more preferably at least 6 nucleotides, still more
preferably at least 10 nucleotides, still much more preferably at least 15 nucleotides.

As represented in Fig. 6, the hybrid between the uncleaved PTO and the CTO
provides a non-target signal in the melting step. In this case, the difference in T

20  values of the extended duplex and the hybrid permits to discriminate the target signal

of the extended duplex from the non-target signal of the hybrid.

Second Embodiment (Interstrand interactive-dual label)

25 one of an interactive dual label comprising a reporter molecule and a quencher

molecule and the CTO has the other of the interactive dual label; wherein the melting
of the extended duplex in the step (e) induces change of a signal from the interactive
dual label to give the target signal in the step (e).

The exemplified embodiment is described with referring to Fig. 8.
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15According to a preferred enbodi nent, the reporter nolecule or the
quencher nolecule on the CTOis located at its 3'-end. As represented
in Fig. 8yotzhe/d9yi?s8i d bet ween the uncl eaved PTO and t he PCTER2OTU00288 a
non-target signal in the nelting step. In this case, the difference in Tm
val ues of the extended duplex and the hybrid permts to discrimnate the
target signal 20of the extended duplex fromthe non-target signal of the

hybrid. The reporter nolecule and the quencher nolecule useful in the
present inventwhHenNte bxxehdete dapigx o Ifeerddem knowtep (d); Be aidnal Boamphes of
those are: Cy2TM ™ | I Il TM_ XT 519 | Mrr 1" 1

reporter molecule linked to the CTO is quenched by the quencher molecule linked to
the PTO. When the extended duplex is melted in the step (e), the reporter molecule
and the quencher molecule are separated to allow the quencher molecule to

5 unquench the signal from the reporter molecule, such that the target signal is given
to indicate the presence of the extended duplex in the step (e).

Preferably, the target signal given in the step (e) includes a melting curve, a
melting pattern or a T, value that is obtained by measuring change of the fluorescent
signal from the interactive dual label.

10 The reporter molecule and the quencher molecule may be located at any site of
the PTO fragment and the CTO, so long as the signal from the reporter molecule is
quenched by the quencher molecule in the extended duplex.

According to a preferred embodiment, the reporter molecule or the quencher
molecule on the PTO fragment is located at the 5-end of the 5-tagging portion.

15 According to a preferred embodiment, the reporter molecule or the quencher
molecule on the CTO is located at its 3"-end.

As represented in Fig. 8, the hybrid between the uncleaved PTO and the CTO
provides a non-target signal in the melting step. In this case, the difference in Ty,
values of the extended duplex and the hybrid permits to discriminate the target signal

20 of the extended duplex from the non-target signal of the hybrid.

The reporter molecule and the quencher molecule useful in the present
invention may include any molecules known in the art. Examples of those are: Cy2™

(506), YO-PRO™-1 (509), YQYQ™-1 (509), Calcein (517), FITC (518), FluorX™ (519),

25  Alexa™ (520), Rhodamine 110 (520), Oregon Green™ 500 (522), Oregon Green™
488 (524), RiboGreen™ (525), Rhodamine Green™ (527), Rhodamine 123 (529),
Magnesium Green™(531), Calcium Green™ (533), TO-PRO™-1 (533), TOTO1 (533),
JOE (548), BODIPY530/550 (550), Dil (565), BODIPY TMR (568), BODIPY558/568

(568), BODIPY564/570 (570), Cy3™ (570), Alexa™ 546 (570), TRITC (572),
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25Al exaTM (520), Rhodam ne 110 (520), Oregon G eenTM 500 (522), Oregon

G eenTM 488 (524), Ri boG eenTM (525), Rhodam ne G eenTM (527), Rhodam ne
123 (529)womaweei2dm G eenTnm(531), Cal ci um G eenTM ( 533PCT/KBR2PROIMST (533),
10101 (533), JOE (548), BODI PY530/550 (550), Dl (565), BOD PY TMR (568),
BODI PY558/ 568 (568), BODI PY564/570 (570), Cy3TM (570), Al exaTM 546 (570),
TRITC (572), WD 2012/096523PCT/ KR2012/ 000287 Magnesi um OrangeTM (575),
Phycoeryt hrin R&B (575), Rhodam ne Phalloidin (575), Calcium Orange"(576),

Pyronin Y g “n B)( P YRR v Aiifien ehdReiiiV
Cy3.5TM (596), ROX 608 %SCaI)'le ﬁ?nbgﬁnson%\é/lsgg% Al exaTM 594 (éﬁfg?;)f)) Texas

Red(615), (Ehld:lemR@]lar(@ZﬂWG)YCPPEﬁlh Y ((Bﬂﬂ)) Rh(iaéainee EGGSB))), RAMRS. §58&)pcyani n
(642), C-Phycocyanin (648), TO PRO'- (2%();3) TOTra (660), DD D 1C( P)

(665), CySRhadasTmy Redrﬁu(é )cﬁv?z)ﬁwﬁﬁh&@@ @}csurs Criewan™ (62X, (@) TET
(550 SO kU A i Bl RS K 5
Egggg: ng’él-é&g%%m( g@%f%@ﬁ%ﬂo&%ﬁﬁ) (64@)}‘%)‘“15&6"“03 Bebp2PoTodYstty, Bitd

DIlC(5) (665), Cy5™ (670), Thiadicarbocyanine (671), Cy5.5 (694), HEX (556), TET

(536), Biosearch Blue (447), CAL Fluor Gold 540 (544), CAL Fluor Orange 560 (559),

CAL Fluor Red 590 (591), CAL Fluor Red 610 (610), CAL Fluor Red 635 (637), FAM

(520), Fluorescein (520), Fluorescein-C3 (520), Pulsar 650 (566), Quasar 570 (667),

10  Quasar 670 (705) and Quasar 705 (610). The numeric in parenthesis is a maximum
emission wavelength in nanometer. Preferably, the reporter molecule and the
guencher molecule include JOE, FAM, TAMRA, ROX and fluorescein-based label.

Suitable pairs of reporter-quencher are disclosed in a variety of publications as
follows: Pesce et al., editors, Fluorescence Spectroscopy (Marcel Dekker, New York,

15 1971); White et al., Fluorescence Analysis: A Practical Approach (Marcel Dekker, New
York, 1970); Beriman, Handbook of Fluorescence Spectra of Aromatic Molecules, 2
Edition (Academic Press, New York, 1971); Griffiths, Color AND Constitution of
Organic Molecules (Academic Press, New York, 1976); Bishop, editor, Indicators
(Pergamon Press, Oxford, 1972); Haugland, Handbook of Fluorescent Probes and

20  Research Chemicals (Molecular Probes, Eugene, 1992); Pringsheim, Fluorescence and
Phosphorescence (Interscience Publishers, New York, 1949); Haugland, R. P,
Handbook of Fluorescent Probes and Research Chemicals, 6™ Edition (Molecular

Probes, Eugene, Oreg., 1996) U.S. Pat. Nos. 3,996,345 and 4,351,760.

It is noteworthy that a non-fluorescent black quencher molecule capable of

25 quenching a fluorescence of a wide range of wavelengths or a specific wavelength
may be used in the present invention. Examples of those are BHQ and DABCYL.

In the FRET label adopted to the CTO, the reporter encompasses a donor of

FRET and the quencher encompasses the other partner (acceptor) of FRET. For

example, a fluorescein dye is used as the reporter and a rhodamine dye as the
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10 Quasar 670 (705) and Quasar 705 (610). The numeric in parenthesis is a
maxi mum em ssi on wavel ength in nanoneter. Preferably, the reporter nol ecul e
and the guererées?dl ecul e i nclude JOE, FAM TAMRA, ROX &0d/KR2012/000287

fl uorescei n-based | abel . Sui tabl e pairs of reporter-quencher are
disclosed in a variety of publications as follows: Pesce et al., editors,

Fl uorescence Spectroscopy (Marcel Dekker, New York, 15 1971); Wite et

al ., Fluorescence Analysis: A Practical Approach (Marcel Dekker, New York,
1970) ; Ber hi@iehedtandbook of Fl uorescence Spectra of Aromatic Ml ecules, 2nd
Edition (Academ c Press, New York, 1971); Giffiths, Color AND Constitution
of Organic Ml ecul es (Academ c Press, New York, 1976); Bishop, editor,

I ndi cators (Perganon Press, Oxford, 1972); Haugl and, Handbook of

Fl uor escen(i-2) Singde lahel 20 Research Chenmicals (Ml ecul ar Probes, Eugene,
1992); Pringsheim Fluorescence and Phosphorescence (I nterscjence

Publ i shers, NeWhe@resent xetion;ig alsp gxeellently %ecurﬁﬁd@wkswe taiabfrvétseerfpr Pr obes
and Research eni.ca t.h ition ecu Pr obes ene, Oreg., 1996)
0s. pe - RQudRg *% twﬁ%efsefea%o'vb#tﬁfge At BB ral e hat o

non-fl uorescen?\cggraﬁ:‘é &Eh\%ﬁ{ihﬁn‘eatﬂ@%é?gn‘fgnt o%ﬁ:ﬁé'%h a%ingl

fl uorescence o era ge o? wavel engt’hs or "a specific wave engtgi'ue may be
used in thgbal afethe infaleRY bPthe Extandddeauméx iherkestap eBiduess chINGEdf. a

In the FRET | abel adopted to the CTO, the reporter enconpasses a donor of
FRET and t $ignalfrencthersirghelabelds ghe thadargethsgnabar theestef{ @)cept or) of FRET. For
exanpl e, a fluorescein dye is used as the reporter and a rhodam ne dye as
the quencher. (i-2) Single | abel The present invention is also excellently

ted [ ' bel f i | s indicati th
or esente of rg,fe:ﬁma L e 33 helsdabd Nty "Accordi ng to & preferred
enbodi nent, th gl el a e ng of
the extended dﬁrB%ex i s#'ggd'ﬁ& u%%@eghamethquf?,'rlngs@gnﬁa %

singl e | abghydigingl ﬁfﬁ'tlél"h@f ﬁh@r@@ has éJQiﬁble'fﬁJoFé},eer&tI%él ('ﬁ")e P'ﬁ@ﬁytﬂrﬁlzeﬁrmﬂd' ”E”t

in Fig. 3 (Si'nglélabel system The exenplified enbodi nent is
descri bed tNettargeehacleic agidt seqbére iS digébtedtte ngibadel thg fraghientThef fragneertiO has a

single fluorescent |abel. The PTO hybridized with the target nucleic acid
sequence i byhiidized with the captuging portion ofrthg B andrxdendesiiosfiormitbe leytended zed
with the capturl ng portion of the CTO and extended to formthe extended
15 duplex. By the formation of the extended duplex, the filuorescent intensity from the
single fluorescent label becomes increased. When the extended duplex is melted in
the step (e), the fluorescent intensity from the single fluorescent label becomes
decreased, such that the target signal is given to indicate the presence of the
extended duplex in the step (e).
20 According to a preferred embodiment, the single label may be located at any
site on the CTO, so long as the signal level from the single label is changed depending
on melting of the extended duplex.
According to a preferred embodiment, the single label is linked to the

templating portion or to the capturing portion of the CTO.

25 Where the templating portion of the CTO is labeled with a single label as shown
in Fig. 3, a signal change from the label on the hybrid between the uncleaved PTO
and the CTO is not induced. Therefore, the hybrid does not provide a non-target
signal.

Where the capturing portion of the CTO is labeled with a single label, the
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15 duplex. By the formation of the extended duplex, the fluorescent
intensity fromthe single fluorescent |abel becones increased. Wen the
ext ended WORPB0%R3nel ted in the step (e), the fluoresc@GT/HKRWE WD from
the single fluorescent |abel becones decreased, such that the target signal
is given to indicate the presence of the extended duplex in the step (e).
20According to a preferred enbodi nent, the single | abel may be | ocated at
any site on the CTO so long as the signal level fromthe single | abel is
changed depgpdi st@weéh R timdibved ProcarRKERNCED pfbiidedXa non-targécsigndliimghd 0 a
preferred enbodi nent, the single label is Iinked to the tenplating portion
or to the maltihgrstapy Ipthis case, tHe differefdéOin T2 Gbes ef thb extendpd dtipley apditheé on of
the CTOis labeled with a single |label as shown in Fig. 3, a signal change
fromthe |Rybsid panmithéo diseiminatlecthadanget pignal f teexexten gmex frem T oops not

i nduced. Therefore, tne hl%/bﬁ{; d does not provide a non-target signal. Were
the capt uriergt SO FihehYRite cT O is labeled with a single |abel, the 33
hybri d §)et ween the uncl eaved PTO and the CTO provides a non-target signal
inthe nelting step. In this case, the difference in Tmvalues of the

ext ended dupl ex.and Ertsodhieit il FRETTsinglclIFdliss&bmii nate the target signal of
the extended duplex fromithe non-targ Signal of the hybrid. 5 Second
Enbodi nent in Fhg.exémpffietdembbairint Sy Hesirbed with rdfeeerey eispFigf 7edhentsodi ment
is described with reference to Fig. 7. The 5" - tagging portion of the PTO
has a si nglaggih portemodrihe PaBdlas aTirgldl®rasdent dbeledhePTO hybedirett with theicl ei c
acid sequence is digested to release the fragnent conprising the 5 - 10

t aggi ng potefgesMugleichadithseayange és figagied Jedpleasenthe fragipenteompfisinddingal’ on,

e ol e Bkt I BBl labbHE RECE) hEbulinieh i S99
the signal; ke%ﬁ%%&%hé 50 gfﬁh%ressicgﬁllgo IloH%(_gg‘-:t%péin{g %Bﬂlonqgﬁﬁ@ﬁe .Qfgllﬁérﬁsed’

such that The thr gt 'si g I's grven 1o indica € presence o

ext ended dygl S¥erided! dipled BRAMéIR inléfécgefsC{bn&rr;écsggpﬁr@éﬁw%rﬁrfh@%imt, the

single | abel may be | ocated at any site on the fragnent, so long as the
si gnal | evidloréscemd label s5combs deabaded] sucththay itk thegetnsignad) isogiverekd indiratd t he
ext ended dupl ex.
the presence of the extended duplex in the step (e).
15 According to a preferred embodiment, the single label may be located at any
site on the PTO fragment, so long as the signal level from the single label is changed
depending on melting of the extended duplex.
As represented in Fig. 7, the hybrid between the uncleaved PTO and the CTO
provides a non-target signal in the melting step. In this case, the difference in T
20 values of the extended duplex and the hybrid permits to discriminate the target signal

of the extended duplex from the non-target signal of the hybrid.

The single label used herein has to be capable of providing a different signal

depending on its presence on a double strand or single strand. The single label

25 includes a fluorescent label, a luminescent label, a chemiluminescent label, an
electrochemical label and a metal label. Preferably, the single label includes a
fluorescent label.

The types and preferable binding sites of single fluorescent labels used in this

invention are disclosed U.S. Pat. Nos. 7,537,886 and 7,348,141, the teachings of
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As represented in Fig. 7, the hybrid between the uncl eaved PTO and the CTO
provides a non-target signal in the nelting step. In this case, the

di f f er enc®0i2012I9620val ues of the extended dupl ex and t h@CHINR20t2/49628F ts to
discrimnate the target signal of the extended duplex fromthe non-target
signal of the hybrid. The single | abel used herein has to be capable
of providing a different signal depending on its presence on a double
strand or single strand. The single |abel 25 includes a fluorescent |abel,
a | um nescghich | #BShcorBoRBRIThELEH BYSEeitbndea e Itheid nfitye Fréfe@bRMtAdl singdel and
a netal |abel. Preferably, the single |abel includes a fluorescent 1 abel.
The types funtteseest RbalbinelubdendOBgFAMt TAMRA, ROXGirel filoresceielsasied | laliet] Theused i n
this invention are disclosed U S. Pat. Nos. 7,537,886 and 7,348, 141, the

t eachi ngs lebeleg\oudentiziegesdrsipErefkrblylpysiioned at intéroal nucleotide tasisbie avitin her ei n

by reference in their entity. Preferably, the_single fluorescent |abel

i ncl udes J%E,O“MMC'GPAMW@E&%EBM%‘@Pé@&é’?%rﬁi@ed | abel . The | abel ed
nucl eotj de residue. i refera osi.ti.oned at internal nucl.eotide residue
MEhin S he of + g aiol: PFaESEAr labeP Bt B1RE BbsenPuREten MAk 65 beffiodE T
single fl leqd | ' B i bed
o1 pale 11 Ui ahl BBlecBRIof RobE SRR NERL B0l TchRI U85

i ndi cat ed aboven particular, WheftHel gredent invehtdreon Beold pisaetis paaiiedaiRinga a
solid phase is perforned using a single label, it can utilize a general

f | uor escendinglaladel, ah dard atlizerso gemergluiiluceeszestplabelfand ddasanat sequite & apedificapabl e
of providing a fluorescent signal with different intensities 10 depending
on its prefuniessentlagelueanable: efapw@visings a rilloeessentasignal mith diffespit igtegsities

ool Gyt aReRinh Phnfsopiecerd e Goul, pTEL Py s UMy TH taroet Yardl "
he CTO i LLized j | . ' | . g.
the CTO rpghiibd 4F0uRNLAa AL BURBLAPLE TiR URRrRHPT AL dheldbel o O

biotin) or~enzymatic 1 : I he ase, peroxi _
p- gal act osddasewiR idRPbizél GRS RSiIdRetd iEg. 0o, used. I'n the |abeling
systemusing "l abel linked to the fragnment™ and/or the CTO', the |abels may

be positioned Whehithe €T0einimdbilizéd whtona solltydubsitatieds vweet) caemicaclebely ¢dgPTO and
the CTOis formed, the hybrid does not give a non-target signal in the step
(e). 20 Abiotmnar enzinyatict labels (it slkalipe pbogphstasep petbxidase, hB-gelactosidasenat
when a hybrid between an uncl eaved PTO and the CTOis formed, the hybrid

gi ves B noind Brolecosidagahmay Reused.st ep (e): wherein the Tmval ue of the

ext ended dupl ex is higher than that of the hybrid between the uncleaved PTO
and the CTO

In the labeling system using “label linked to the fragment and/or the CTO", the
labels may be positioned to the extent that when a hybrid between an uncleaved PTO
and the CTO is formed, the hybrid does not give a non-target signal in the step (e).
20 Alternatively, the labels may be positioned to the extent that when a hybrid between
an uncleaved PTO and the CTO is formed, the hybrid gives a non-target signal in the
step (e); wherein the T, value of the extended duplex is higher than that of the
hybrid between the uncleaved PTO and the CTO.
Particularly, where the labels are positioned to the extent that a hybrid

25  between an uncleaved PTO and the CTO does not give a non-target signal, the range

including Ty, value of the hybrid can be utilized to select T, value of the extended

duplex for detecting a target nucleic acid sequence.

(ii) Label incorporated into the extended duplex
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Particularly, where the |abels are positioned to the extent that a hyhriri
25 between an uncl eaved PTO and the CTO does not give a non-target signal,
t he rangewDr@1246323 Tm val ue of the hybrid can be utili PEWKRROBAI08287 Tm
val ue of the extended duplex for detecting a target nucleic acid sequence.
(i1) Label incorporated into the extended duplex WO

2012/ 096523PCT/ KR2012/ 000287 The present invention may enpl oy a | abel
i ncorporated into the extended duplex during the extension reaction for

provi di ng the traegeesdit GAMntioAdmaRtdnvifiola 1Rl McBFRRed Ghtd B @xtepaeed

dupl ex. Al though the PTO fragment or O has no | abel, a | abel incorporated
into the dupext dudtedthdupitensichurcactiprt foe peaviding it targetcsigeed indicative ofdbé ul | y
used to allow the extended duplex to be |abeled. Figs. 10 and 11 illustrate
an enbodi neserica ofheextandsidrdyipéext abel ed nucl eotide is incorporated into the

R R
o 41 el oOREF SRl Sl T R b AR LT

the ext ensz'gg@ndeﬁa&d %0 B\é‘%‘b@!e&. hpﬁ. 1d'sRd R?Tilﬁ]sﬁgtesér?.@h\%obmlt "? awhkd'ﬁnged to

a nucl eoti i ncorporated during the extension reaction; rein the

mel ting of sihdlelgeledndadestidd 6x intorphatedt aito( e i axtarzied dbgliBgeduwringa tise gnal
fromthe single label to give the target signal in the step 15(e).

The exenpl @ftersibre dratiomesee iG ade sl rafbEigs.wil® landel &). eFie embodingent1®. al3the PTO
hybridized with the target nucleic acid sequence is digested to rel ease the
fragment . anplicabiefmether embedimentsiusing anmeliing@ealysipt uri ng portion of the CTO
i rmobi | i zed on subsirate and extepded in the‘gresen

)l i . f .
oo ool des 1 nAGraEang e B RREEH R arsaty el sians) BEpvioe bon sinde.

extended d I c i r e be

ot oct od oaPEhrorBiaed EY fREEknded ey BfRg o BREEOR FedBh bR o

ext ended dgl foipdrdtEd tshthle dalsdl Fid3NkhKBaVt& Aubibstfiee Fc@foratededuriny tied eased
and the fluorescent signal is no |onger detected on the spot (not shown in
Fig. 10). &hensidroreaction;swbamin thamgelting rof ke pextendbaddapiet e theadtepye)rel ti ng
of the 25extended duplex. In this regard, the target signal is given to

i ndi cat e tindugesabangeeobha signal sxmdhe singltulobeltoi give the toraas sigmpl in the steprhe
target signal given in the step (e) includes a nelting curve, a nelting
patterk or(€ Tm val ue that is obtained by measuring change of the

fluorescent i ml'ﬁg Se'xé%pllofpedt gn%b%r%htnfpéje'slcrllbze%dwi%lp%f‘erence to Fig. 10. The PTO

hybridized with the target nucleic acid sequence is digested to release the fragment.
The fragment is hybridized with the capturing portion of the CTO immobilized on a
solid substrate and extended in the presence of nucleotides labeled with the single
20 fluorescent label to form the extended duplex. The fluorescent signal from the
extended duplex may be detected on spot of the solid substrate with immobilized
CTO. When the extended duplex is melted, a strand having a fluorescent label is
released and the fluorescent signal is no longer detected on the spot (not shown in
__ Fig. 10). Therefore, a signal change can be pravided on the spot by melting of the
25  extended duplex. In this regard, the target signal is given to indicate the presence of
the extended duplex in the step (e).
The target signal given in the step (e) includes a melting curve, a melting
pattern or a T, value that is obtained by measuring change of the fluorescent

intensity on the CTO-immobilized spot.
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According to a preferred enbodi nent, a nucleotide incorporated during the
extension reaction has a first non-natural base and the CTO has a
nucl eot i WORA124/096524 second non-natural base with a specPCIT&KR2RAIONST

affinity to the first non-natural base, as illustrated in Fig. 11. The
nucl eoti de having the second non-natural base is Spreferably | ocated at any
site on the ternplating portion of the CTQ The term used herein

"non- natu_ral base" ref_ers to derivatives of natural _bases such_ as adeni ne
(A), guani ne (@kcorkifnynons dr@erre@%rﬁﬁ%d?rﬂenﬁt@a_ AldestidCinkorpblatedMiiufifg ahe

capabl e of form ng hydrogen-bondi ng base pairs. The term used herein

"non- nat ur extehsierereaction hiabes fiksa sos-nhtwalrpse ahd eieedTO bas e nualeotideghawdrig &r ns
fromnatural bases as 10 nother conpounds, as described, for exanple, in
U.S. Pat. sgsond Boaspiwraihass videa seerifichioding afMitydedhe fiogmonamaturghbasgase

pai ri ng between non-natural bases involves two or three hydro bonds as
natural badtdlustrRiedp s Eignalls i P HEERREE %Bwnﬂatﬂ“ﬁr%coﬁ Srgg\-mabtu%f&@sq dfnmed in

Che Tol ovPREERAGtasated %20 SREPh W e atiosfen SRBERAR'C0. o 2oce et v
I so-dC/ i so-dG, Xerniluded ﬁﬁgiﬂwdﬂgéﬁ?ﬁa&a@e" Fé¥ers M%eri@a@%g’cﬁ?@urﬁﬂ bases 1N€

exenplified enbodinent 1s scri reference to he fragnment
i's hybridi g a4 ddeninegAS; aYIIn'éI'(G?l, tAyRIrROLT) de/tbkivve (1) ahdseean@)n@hichakrelr al
base (e.g., iso-dC) with a specific binding affinity to a first non-natural
base (e. g. capaBle-of fafimid@hydmigen-dwhdingibase pairs dihei tech aused iherdimngresterate of a
nucl eotide having the first non-natural base |abeled with a single

f | uor escenbaseatrgiudesohases daving difterentd based ppiriag . patiemshBomy hatHER B3seseatt i on,

h I i havi he fi ) - I e is.i
e e ook " e L LBl ol W oReck |6 e Rttt
fl ; I h t I N f
([ orescent hLsaal o (500 5riendad et PRILAGHEr IOR a0SRet! &

strand havin8vés twd'eF emesMtydhsyea! bdndis 'R! RASRA basd. tThe Hake! pafimgebtwabgnal is
no | onger detected on the spot” (not shown in Fig. 11). Therefore, a signal

change cannérengtucl bdsss i9aish fermedan aBpedifid inangerof t he extended duplex. In
this regard, the target signal is given to 37 indicate the presence of the
ext ended dupl eSpecific Bxamsplegof ron-natural basasdncludehthel fallawing hasasgn basepaif nt o

t he extended dupl ex during the extension reaction is enployed, the |abel is
not | néor pEIBRIBRHONSL 450 HASN i FOrI G OGP i ANt 55ttt Rebe NeTO
because ch4§gg id is not extended. Therefore, the 5hybrid does not provide
a non-target 5 al .

The exemplified embodiment is described with reference to Fig. 11. The
fragment is hybridized with the CTO with a nucleotide having a second non-natural
base (e.g., iso-dC) with a specific binding affinity to a first non-natural base (e.g., iso-

20 dG). The extension is carried out in the presence of a nucleotide having the first non-
natural base labeled with a single fluorescent label, forming the extended duplex. In
the extension reaction, the nucleotide having the first non-natural base is
incorporated at an opposition site to the nucleotide having the second non-natural
base.

25 The fluorescent signal from the extended duplex may be detected on spot of a
solid substrate with immobilized CTO. When the extended duplex is melted, a strand
having a fluorescent label is released and the fluorescent signal is no longer detected
on the spot (not shown in Fig. 11). Therefore, a signal change can be provided on the

spot by melting of the extended duplex. In this regard, the target signal is given to
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The types and characteristics of the single |abels used may be descri bed
with reference to descriptions for the | abeling systemusing "label I|inked
to the fraQmem09esd/ or the CTO' as indicated herei nabov@®CTHR2012/G0)28Cabel
incorporated into the extended duplex and | abel linked to the fragment or
the CTO The present invention may enpl oy a | abeling system using
cooperation of a |abel incorporated into the extended dupl ex during the
extension reaction and a | abel linked to the fragnent and/or the CTQ as

i T ustrat egldichtelth® presdn@éF the ekfeNasPHGHIBDin the 3tdpy @)1 red embodi ment, the
target signal is provided by a |label incorporated into the extended dupl ex
during the ext avterenhe debet irmorponated ihtabible dxterided dupléhdufinggreatteasiolt or t he
CTO and the incorporated |label is linked to a nucleotide incorporated

duri ng t hereagiamés emplayadt then Jabghds eioh indeeparaked| inbelthe dybridrbatween dbe i ve
dual |abel of a reporter pol ecule and uencher nol ecul e; wherein the

mel ting of U@Q’F@V%euﬁpeﬁﬁﬁc}hﬁﬂ%Persﬁhtgegl'l’yi’ﬂd('é)nqtn%%réied HAREREOrS: the si gnal
fromthse IEltera tive dual, | abel, to gi ve the target signal in the step (e).

More pr _eer @B'Id 0% Rgt WSXF&&?%‘étaH? pBS’r‘ ated during the extension reaction
has a first ”O%Q\i{jrbl{?aéndb@r%?a tiEé‘Sf EﬁEQinjl?J?oe@@ée%%h&’%?*b@éérméda\mﬁ?cond
t ic g a e

non- nat ural base a speci I ndin infty to t irst non-natural.

25The exenpdfdrbh@Otocddrediptionstfol thedRbEInNgbsdtem Ubing efaberimedtte thé dragfhentihe
fragnent is hybridized with the CTO conprising a reporter or quencher

nol ecul e aardl/er thedIT®Stasdrditetied heremabeeond non- natural base (e.g., iso-dQC
which is a specific binding affinity to a first non-natural base (e.g.,
iso-dG . The extension is carried out in the presence of a nucleotide

havi ng the, firs Qn-natural, base | abel ed w th 38 .

D012 YbsoUBLPRED HepOTRR Hita: tespxtsndethBpiplx nd doheklinked tonthe ne
ext ended dﬂgh%r{trﬁrvmb(&d he signal fromthe reporter nolecule is quenched
by the quencHer nolecule.” In the extension reaction, the nucleotide having

the first non-ARE WradenbdRRntidn nHyOERPIbR L Abak SR Asirlgl &dbpatetiBntd? 4 he
nucl eoti de havi ngq{rheensecogoll non- nat ﬂrgl basen.@%(/\hen trﬁg extpgndegl duplex is

mel ted in fabe indopporéted, intontbe rextemtied dupiek datihg thenektemsiorreaotidreandllabelil e ar e
separated to allow the quencher nol ecule to unquench the signal fromthe
reporter nirkedtd the fragrentand/ar tlke CHO gast illgstpted iniRigsgihemd 5.0 i ndicate the
presence of the extended duplex in the st%[:') ie). . . i
15 According to a preferred embodiment, the target signal is provided by a label
incorporated into the extended duplex during the extension reaction and a label linked
to the fragment and/or the CTO, and the incorporated label is linked to a nucleotide
incorporated during the extension reaction; wherein the two labels are an interactive
dual label of a reporter molecule and a quencher molecule; wherein the meilting of the
20 extended duplex in the step (e) induces change of a signal from the interactive dual
label to give the target signal in the step (e).
More preferably, the nucleotide incorporated during the extension reaction has
a first non-natural base and the CTO has a nucleotide having a second non-natural

base with a specific binding affinity to the first non-natural.

25 The exemplified embodiment is described with reference to Fig. 4. The
fragment is hybridized with the CTO comprising a reporter or quencher molecule and
a nucleotide having a second non-natural base (e.g., iso-dC) which is a specific
binding affinity to a first non-natural base (e.g., iso-dG). The extension is carried out

in the presence of a nucleotide having the first non-natural base labeled with a
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Preferably, the target signal given in the step (e) includes a nelting
curve, a ionelting pattern or a Tmvalue that is obtained by nmeasuring
change ofwORe124i9¢32al fromthe interactive dual |abel. PCT/KRROER/M®WDI8E of the
| abel on the CTO and the incorporation site of the |abel incorporated are
determned to the extent that the two |abels are acted as an interactive
dual | abel for inducing signal change in the nelting step. 15Still nore
preferably, the tenplating portion of the CTO has a reporter or quencher
nol ecul e agébnehdtUst repéreatemblatiié) Fornifg €A ExteAded\AlpIEdin WIS thel igna flogNSi on
reaction in the step (d) is perforrred in the presence of a nucleotide
havi ng a gthenEperteomaliequis tiequendhedube thadguenthersmoleaalendh uthal extassoni th a
specific binding affinity to the second non-natural base in the CTO The
two non- nalteaetian, e erudastidachaving tha éingtedortopiusal baset iseinse@prated atod a

0 quench_a signal romthe r rter cul e by the quencher

base-pairin 0
ol ecgl e a?Fg’OF'SOP ik B the s Qt'Qﬁ Qg Eﬁﬁaﬁem%}’éqrbwuﬁllgaﬁear get signal is

provid Alte i 0 cul e
nd the it enpl aliTig eetiesbeErupRERRbaRD e s hadtadif AE LR G

nhon- nat Uraﬂhe%@ﬁche?%lé%ﬁk%é's@ﬁhrét‘%@% laflSW the &G@mﬁéﬁﬂol@@le kS u gléneﬁﬂ?éj in

t he 25 presence of a nucl eotlde having a quencher or report nol ecul e
and a fi r%lgmmmthérr%bo@@’srﬂohtlﬂ@, Such nR&t thetaljet dighd iglgfvenitb ¥indicaté ige second
non-natural base in the CTO The two non-natural bases in the extended

dupl ex i n preserse of tHedgxtérmlenhdupleadre theastep (g). t o i nduce change a signal from
the reporter nolecule by ¢ uenchlnP whereby the target signal is provided.
Anot her exerrpl Pfq ferablgn¥iediaraahsigngl aiver in ke st (8) irdudes femeltiggmugve, 8 | n

hybr i b ednaRe Pafierfcere Dorane Bt Chtiinkd BY mdrsuRia AR08 of thel e Bofnt ur

base (e.g hlsaspeC|f|c binding affinity to a first
non- naturaﬁhe n?t&a%?)e déa’l%'gf:_de) The extension is carried out in the

presence of a mHelpat bdehe)BbeN®nt 2 TTOShnd@Re NAdIIpSHRtiGASRe | sIDBeCMHbY th a
quencher or reporter nolecule, formng the extended duplex in which the

si gnal fr dntdrperatezipare eetenmalned utoe thes esteat chatd tHey two dabgle reed ercterbecan e. |1 n
t he extension reaction, the nucleotide having the first non-natural base is
113i ncor pdnmvaﬂualdawﬁvémducm signak chamge e theuoeiog sep. havi ng t he second
non- nat ural bas When the extended duplex is formed in the step (d),
the reporter nﬁ?"bé’ﬂﬂ"@ RIRterakhe t&ﬁeﬁ?ﬂ?&rﬂ”ﬁoﬂ’%gﬂ‘é’ Fahhe g@lf"lﬂsnﬁtrﬁmﬂ o

Feporter rbeedir okt 858 hilSko TR REloch a0 TR AR e st P4 tne
step (©) B eROUETAPIACH oAt B BrAHceTD} %CHhaeﬂtfo% naving 2

conf ormati ona j acent "to eac Ot her to ow t he quenc nol ecul e to

quench t heqwehml orf rrepmrtémmoreem@rsr@r a ITRbteRoH-Ratufdl Wasé ath & Rpedific BRIdirg gnal
is given to indicate the presence of the extended duplex in the step (e).

Pr ef er abl yaffinibeta dnegetorsi gorahatgral basd n thhCTEX he (tep nonelatatesbasesin theng

curve,zoa extended duplex in the step (d) form a base-pairing to quench a signal from the
reporter molecule by the quencher molecule and to induce change of a signal,
whereby the target signal is provided. Alternatively, the fragment has a reporter or
quencher molecule and the templating portion of the CTO has a nucleotide having a

second non-natural base. The extension reaction in the step (d) is performed in the

25  presence of a nucleotide having a quencher or reporter molecule and a first non-
natural base with a specific binding affinity to the second non-natural base in the
CTO. The two non-natural bases in the extended duplex in the step (d) form a base-
pairing to induce change a signal from the reporter molecule by quenching, whereby

the target signal is provided.
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20mel ting pattern or a Tmvalue that is obtained by neasuring change of the
signal fromthe interactive dual |abel. The site of the | abel on the
PTO and tWe 2012¢096328r ati on site of the |abel incorporate@®CIAR2AEN@WOISTNed t o
the extent that the two | abels are acted as an interactive dual |abel for

i nduci ng signal change in the nelting step. 25Were the | abel incorporated
into the extended dupl ex during nme extension reaction is enployed, the

| abel is not incorporated into the hybrid between the uncl eaved PTO and t he
CTO because the hybrid is not extended. Therefore, the hybrid does not
provide a non-target signal in the nelting step. (iv) Intercalating |abel
The present i naasotheo BxdmylifiedEntbodinentrié eesaribad iwith tefdrence r Figr vIndthigy t he
target signal indicative of the presence of the extended duplex. The

i nt er cal atémipdimbrt, thesfragmentusavingl a caportes ot Quenshersmolecaletis bybrigdizedgvith
|nnDb|I|zed CIOs because doubl e- 55tranded nucl ei ¢ aci d nol cules resent

i n sanpl esth@aRTQERBWHSIBI & GHElpatide having pysqeand f"loédﬁt‘l'f?blbé% Fmds‘?ia

SvTOTm, ot oA OIS B sl ISt TRCHGHIAL Rk 3 JRLBDf 1
S R L T e N e

thi azol e op@BASbeldd RithH Glidthat bNEpIVes midMcales Fbratifg $He extehded Huplemro
doubl e-stranded nucleic acid nol ecul es to generate signals. Fig. 13

i Il ustrat eshiam tiearsigdalrfeort the regorieh moktcetec sl quendieddiye the quecher mblectlet ween
base-pairs of the extended duplex (C and Din Fig. 13). The enbodinent is
al so appl i alhe: extensiont rrRactiembhe rlﬁelﬁlﬁow Mgviag e ﬂ"l"ﬁj apRcngral . bassTi Hﬁe
exenplified embodinent is describ refe ence Fi 3. Th agrrent
s Iybld o BERIPRIRLEN Fhen GRBERIIT 30 e AugFoReheng Tenttond S wiual sof § o
substrate. b he extension is carried out in the presence of an intercal ating
dye (e.qg., YBRTmM Green) and produces the extended duplex with

i ntercal ating %f‘eﬁ-thé_ Eﬁteﬁh%@&%ﬁ&?@tfoﬁﬁ&ﬂﬁlthé%@g( Nah&XEsuree thaltRleEandon spot

of the solid substrate wt I rmobi |1 zed nay be ‘detected using

i nt er cal attha@ubh¢her aftle aia%nfohmstmntamps@hmwaﬂampﬂemmacm Imatebule
intercalating fluorescent dyes are rel eased and the fluorescent signal is

no | onger weurgueadch dhe tsignak from the trepdrtannmblecte;g whedn whent thesextegdedd, t he
L he et s Wuplex i mbited i the step (¢). the reporter moleaule and the quencher Molecule are
conformationally adjacent to each other to allow the quencher molecule to quench the
signal from the reporter molecule, such that the target signal is given to indicate the
presence of the extended duplex in the step (e).
Preferably, the target signal given in the step (e) includes a melting curve, a
20 melting pattern or a T, value that is obtained by measuring change of the signal from
the interactive dual label.
The site of the label on the PTO and the incorporation site of the label
incorporated are determined to the extent that the two labels are acted as an

interactive dual label for inducing signal change in the melting step.

25 Where the label incorporated into the extended duplex during the extension
reaction is employed, the label is not incorporated into the hybrid between the
uncleaved PTO and the CTO because the hybrid is not extended. Therefore, the

hybrid does not provide a non-target signal in the melting step.
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25The hybrid between the uncleaved PTO and the CTO provides a non-target
signal in the nelting step. In this case, the difference in Tm val ues of

t he ext erledoteb®® and the hybrid permts to discrim nRCE/KR2012/002$Et
signal of the extended duplex fromthe non-target signal of the hybrid (not
shown in Fig. 13). Preferably, the target signal given in the step (e)

I ncludes a nelting curve, a WO 2012/ 096523PCT/ KR2012/ 000287 nel ti ng
pattern or a Tmvalue that is obtained by neasuring change of the

f 1 uor escenfivy Igeertalgtingriabexd i n the step (d). Step (f): Detection of target
signal SFinally, the extended duplex is detected by neasuring the target
si gnal given i iihe fpresanépnvertion whey edmyployh @npintsseatatingofabeh dore ptayiviieg tlntupl ex

i ndi cates the presence of the target nucleic acid sequence.

det ecti on taésﬁtrsenélar\rdmweattthﬁt presenGecfsheredisaded deplendi hﬁgntercataﬁeg ﬂ%Pﬁbs of

t he target sr OAccor to a referred dete tron of

Lhe { ar e tisanosend Gt & ol Haee s diof e Rinar e CT0s bédtsq ftifie: o', o0

herein /' e ml si gnal

i ndi cat | vegt%#ag%ﬁna%'}élégﬁce oé %Er@eé@%ﬂﬁ%n’tﬂe &n@ratt@ aﬁtrgl?red by nelting of
the extended dl!EBlérﬁFlrfréd”iﬁtéﬂéﬂlétﬂtgadyf@td%@er ﬁrPtH??#ﬁHﬁt%rﬁin@!&ébSSYBRTWGY@eﬁ“Ifferent
15t enper at ur es, ting curve analysis, nelting pattern analysis and

mel ting perd-PROA-YSBO-PREO™eSHDDY 431 BETOMREM4,i SYTOIMSE, \SYTOXT"Blue, POPOM™, cur ve

anal ysi s. According to a preferred enbodi ment, the nelting of the
step (e) |%O|?Qﬂ"+3ovﬂﬁl303§7 1hBOIBQY ﬁaﬂ-Dd?RQ’B lng(DePRCNe LaYQrBROTs"ilngé] PROcat i ve
of the presence of the.extended,duplex _in th he, )y esence, of t he
ext ended d%\ﬁr x1]rrs 5?@9 é@edsggp }%rrSYTQatlr%nSYTO SYTO Toto™

10 YOYO™3, GelStar™ and thiazole orange. The intercalating dyes intercalate specifically
into double-stranded nucleic acid molecules to generate signals.

Fig. 13 illustrates an embodiment in which intercalating dyes intercalate
between base-pairs of the extended duplex (C and D in Fig. 13). The embodiment is
also applicable to another embodiment using a melting analysis.

15 The exemplified embodiment is described with reference to Fig. 13. The
fragment is hybridized with the capturing portion of the CTO immobilized on a solid
substrate. The extension is carried out in the presence of an intercalating dye (e.g.,
SYBR™ Green) and produces the extended duplex with intercalating dyes. The
fluorescent signal from the extended duplex on spot of the solid substrate with

20 immobilized CTO may be detected using intercalating fluorescent dyes. When the
extended duplex is melted, intercalating fluorescent dyes are released and the
fluorescent signal is no longer detected on the spot (not shown in Fig. 13). In this
regard, the target signal is given to indicate the presence of the extended duplex in

~—the step (e). -

25 The hybrid between the uncleaved PTO and the CTO provides a non-target
signal in the melting step. In this case, the difference in T, values of the extended
duplex and the hybrid permits to discriminate the target signal of the extended duplex
from the non-target signal of the hybrid (not shown in Fig. 13).

Preferably, the target signal given in the step (e) includes a melting curve, a
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20curve anal ysi s. The nelting curve or hybridization curve may be
obt ai ned by conventional technol ogies, for exanple, as described in U S.
Pat Nos. WORUR/BFR3and 5, 789, 167, Drobyshev et al, GenePCB&R2UB(DIB7) ;
Kochi nsky and M rzabekov Human Mutation 19:343(2002); Livehits et al J.

Bi onol . Structure Dynam 11:783(1994); and Howel | et 25 al Nature

Bi ot echnol ogy 17:87(1999). For exanple, a nelting curve or hybridization
curve may consist of a graphic plot or display of the variation of the
out put si giakingipattetr 6 DT F8MBE SHat3S ofbtéidet ByZaddsOAng thdridgn eie fidrbsteht si gnal
may be plotted directly against the hybridization paranmeter. Typically, a
mel ti ng cusigreal gendrgtediinltizadtepid)cur ve wi I | have the output signal, for
exanpl e fluorescence, which indicates the degree of WO

2012/ 096523PCT/ KR2012/ 000287 dupl ex structure (i.e. the extent of

hybri di zatéong; plotted on the Y-axis and the hybridization parameter on
the X axi st MMWH sed of naturally occurring dNVPs.
Alternatively, i . of i fi i de or
non- nacural wETEht T otai ChRGE el adilng ndRibéedipaper i

Publ i cat i Lo acid
bl | ot | chenfep %%é%%ﬁ%%?%“%&*ﬁ 168 B5teRded dlp 'S%f"ﬁ‘%%%f?‘ 8festhte of 1 cro

may conprihe targey Alidat abldsequepbeh as deoxyi nosi ne, inosine,

1-(2' -deoxy-beta-D-ribofuranosyl)-3-nitropyrrole and 5-nitroindole. The

t erm 10" uni ver $h¢ dbtmsion may be satred muk ircegrmbs exanhefsatependjnd as ¢hepbyipes ofii t h
each of the natural DNA/RNA bases with little discrimnation between them
As descri &g tanggleignalhe PTO may be cleaved at a site located in a
3'-direction apart frogmthe 3'-end of. .th ' -taggln tion of .the. PTO
The cl Favage sP‘fré)rWﬁ?/%Bea I%%éfrg‘g %botdﬁ'gerg, %%en(ﬁi% at '9(# %ﬁetagge?tsm&si ng
portion of _th t ?TO 15 fragnent conprises the 5 -end part of
the 3 -tar%azﬁfdng&?grﬁgﬁﬁgﬁgglﬁglPTq a site of the CTO hybridized with the

5'-end part of ThEQedn 1séd Gl ImBRING! 4Haly3BY rffBd Fetifod!iH WAICREA tArase.
degenerate sequence or their conmbination. For instance, if the PTO’is

cl eaved atsignabirdicatioe ef the prosenoel of thet éxdended dupkix-isliobtirieddy mplting of tlem t he
3'-end of the 5 -tagging portion of the PTO it is advantageous that the

5' -end parexteridedhatuplept untindingoa poethodntaof measyireTsignalspat stwe diffleredter sal
base for hybridization with the nucleotide. If the PTOis cleaved at a site
| ocat et t iSMPEEAtWEE; Meking, cyrve: a ctW?JH"QAﬁ’&’F‘?"’? oAl ang melling peak ne

5' -taggi ng rti of .t PTO. it {s.a ageous t .the 5'-end of the
capturing ?f%?ytslsbE'%B?rgtflﬁgﬁ%%@nﬂa}@éég é%@ﬂ&%{f‘é‘i é#@@(%ence and its

3' -directionadj I j j ' , ere
t he cl eavage O?@é{bﬁ@ﬁg %8 pgﬁf%‘rg%gﬁuggﬂmeﬁt\?;tplé‘gté? n\séﬁf;:tgé Sééﬁiﬁ%@é‘plfd&égl ba)z,a\APt of
the 3'-tarigetitRatidPd ighe, tHehtrgdti digFatindifatit sMiheepreaéndeasretheaBitefi@dener at e
sequences in the CTOis useful. In addition, where the PTGs having the sanme
5' -t aggi ngdypdaxt Irothahicase, skedpriesence of denextgndaal duptdxds detegeed bydg/bedization d
sequences under upstream priner extension-dependent cleavage induction, the
PTO f r#igmenee #nalysisg di fferent 5 -end parts of the 3'- 43

The melting curve or hybridization curve may be obtained by conventional

-

technologies, for example, as described in U.S. Pat Nos. 6,174,670 and 5,789,167,
Drobyshev et al, Gene 188: 45(1997); Kochinsky and Mirzabekov Human Mutation
19:343(2002); Livehits et al J. Biomol. Structure Dynam. 11:783(1994); and Howell et

25  al Nature Biotechnology 17:87(1999). For example, a melting curve or hybridization
curve may consist of a graphic plot or display of the variation of the output signal with
the parameter of hybridization stringency. Output signal may be plotted directly
against the hybridization parameter. Typically, a melting curve or hybridization curve

will have the output signal, for example fluorescence, which indicates the degree of
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targeting portion nmay be generated. In such cases, universal bases and
degener ate sequences are usefully enployed in the CTO The strategies using
uni ver salwpase#9ei?d degener ate sequences in the CTO ensBCEKR201W028Ge t ype
or mnimal types of the CTO for screening multiple target nucleic acid
sequences. 5According to a preferred enbodi nent, the method further
conprises repeating the steps (a)-(b), (a)-(d) or (a)-(f) with denaturation
bet ween repeating cycles preferably, with a downstream priner. This
repetiti ondlnﬂémirﬁcthe @f@'ﬂ'\EYe&é}ﬁ 6fah9@%dlzw6h)elaoe€d @nSeRUeRKR anlites the
target signal. According to a preferfed embodi ment, the steps
(a)-(f) arlwumﬂrzhthmmpal'amteuoh&hea(ca)dson vessel or in separate reaction
vessel s. For exanple, the steps (a)-(b), (c)-(d) or (e)-(f) may be
performed in separate reaction vessels. According to a preferred

o
15T
e e AR R A a0

articul ar R ddi
gol ecul es. s&ﬁ%w\/ﬁéﬁﬁgtlhgggﬂ%rcl S é S%?oﬁgdﬁgﬁs{ st artl ng mat erlﬁg)@ a reverse

transcri pt (I6ukes hQBleicSacith 666 PET Publidabion tNdsP G 08/72489, AW0esd/BIZE s apwalet ai | s
of which are found in Joseph 20 Sanbrook, et al., Mol ecul ar O oni ng, A

Labor at or yoyn#26), TﬁbIPa‘OSpTd EﬂjOhha\bommpmmumegl Bases suchCad de&yyinasimpeHar bor ,
N. Y. (2001); and Noonan, . et al., Nucleic Acids Res. 16:10366 (1988).
For rever sBOsiR@nkE2 1d§9¥\bhetazp FibefEANORA X ATLFORYFrolenany] |5g’(b‘iﬁ@lﬂ¢@©t-rhi%tw primer
hybri di zah| e used. The .t et nucleic ac se ich
may bel Gt Wit heses e JTEaPPaDB e UG G R G £PF oR oAl
prokaryojtl ﬁﬁqﬁ\ %8}, bvfth(hf:t%rdlgé?rﬂmtﬁm b%':c\%ec%ﬁ aRs and parasites, fungi,

er S,

yeast, hlg ani nma i ncl udi ng manmal s and
humans) or vir ﬂh deb@be§ aBBW, Ghe 'P‘?b%§y Bé léaGs ath Yite idtbtedGRZA3 Wirekfon
Epstein-Barr virus, hepatitis virus, polio virus, etc.) or viroid nucleic

acid. WO Mﬁ&a&ﬁaapéﬁd Kfeﬂféliltﬁgmﬂgﬁaomon of tﬂ'éﬂ-:‘T(DI'Hi@déauagdsné intey bes al so
useful in detection of a nucleotide variation. Preferably, the target

nucl ei ¢ aclocateéqidhe &eodartsebthe Auargatingdeoriien iOQtthmPTOTWéhererthe PTO

"nucl eotide variation” used herein refers to any single or nmultip

nucl eotd defTagmait comprisessthedeeadi Rk obHhe Adtaraeting Porionofsna PTéhLFeHE%Ofat a
particul arthleoé;?d Ih?l:rfnaallz%% "With the 5-end part of the 3’-targeting portion may comprise a

universal base, degenerate sequence or their combination. For instance, if the PTO is
cleaved at a site located one nucleotide in a 3'-direction apart from the 3’-end of the
5’-tagging portion of the PTO, it is advantageous that the 5-end part of the capturing
20  portion of the CTO comprises a universal base for hybridization with the nucleotide. If
the PTO is cleaved at a site located two nucleotides in a 3’-direction apart from the 3’-
end of the 5'-tagging portion of the PTO, it is advantageous that the 5-end of the
capturing portion of the CTO comprises a degenerate sequence and its 3’-direction-
25 PTO occurs at various sites of the 5-end part of the 3'-targeting portion, the
utilization of universal bases and degenerate sequences in the CTO is useful. In
addition, where the PTOs having the same 5'-tagging portion are used for screening
multiple target nucleic acid sequences under upstream primer extension-dependent

cleavage induction, the PTO fragments having different 5-end parts of the 3'-
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5 contiguous DNA segnents that are otherwise simlar in sequence. Such
contiguous DNA segnents include a gene or any other portion of a

chr onosor®0 2TRéWes2auc| eoti de vari ati ons may be nut ant oPCHHR261Y(OMISE al | el e
vari ations. For exanple, the nucleotide variation detected in the present

i nvention includes SNP (single nucleotide polynorphisn), nutation,

del etion, insertion, substitution and translocation. |o Exenplified

nucl eoti de variation includes nunerous variations in a human genone (e.g.,
vari at i onsageting SoMidi oy B Gichited civ AlRACEBED! HRrdaP Bubdsasif) délfhlate
variations involved 1 n dfug Tesistance of pathogens and

t unor i genesdgaendd siré gsefalyi @hploysl inlthe CNO. Phesteatbgiesusing univerdsalrbaded and | on of
a nucleotide variation in a target 15 nucleic acid sequence, where prinmers
or probes drgedetatessequencasph theeGiQepsue doese end typeloe miviolabtypesief therCiQ i on i n
the target nucleic acid sequence, the target nucleic acid sequence

cont ai ni ngfof EreRRipg BRI taygati nucleisAddssegesRseshed herein as a mat chi ng

tenpl ate. Wer ri.ners or prohes used have a nhon-cC | ement ary seguence to
the nudl eot i de ASRHIG 8 A Rrereed qrutiosipent Hiegethod fHrthr LoRlseS (9p3SNT ge
20nucl ei ¢ i nee cophalni . i b L i bed
herein as g‘%m&s‘?ﬁ%ﬁgg@g (‘taggrk%?l g?e(gg(ft) h\ﬁ'tﬁg(f)drnggg%@t ;6%#’%?' %’gkgﬁjﬁggéé

vari ati onsprefdigbip’ wiehd @dwrish@ampsiirheamhir :ieﬁemt_idmwerhﬁtsd@swamf the tAQet
opposite to a site of a nucleotide variation in a target nucleic acid
sequence. raleic adichgequenee pdybetheddrgetbigdalnent, the 3'-end of the upstream

primer 25 has a conpl enentary s%uence to the nucleotide variation in a
target nucl ei cAgedrding dqua receferrath enpodipentothe stepade)-(feaarepparfasmeddviang a

conpl ement ary  sequence .to the nucleotide variation ip the target | ei c
aci 6 sHyuciteRiqnVESHA Ok 1 SERAPEREGHRD YRRSRIS: TR Somle,Hha SR §REEY (S Fhduce
cl eavage o e, P T l. . is hybridized with the CTO
to provi de‘f’rt(i%z?@éﬂ_aget?e Q%%%?H '+ %%5%%?%%#'?9%%%5' 45 the 3'-end of the
upstream pri mecécidiRh $B8 b® erbRMMhER! tte stéps I(a)-{)Nard (&-(F), MERLET N9
tenplate, it i scnotlﬂgxten ed rtﬂnder condﬁel onsstﬁgt( }é(ntﬁe%I [ ﬁg (g‘ ﬁt@e 3'- end
of pri mer ssimalt&saslyi 6f skparatll &Ven o avedachiievese desEntidgopr Faaetior S
hybridi zed with the m smatching tenplate, thereby resulting in no

gener at i oncanditiohs (pastigdartystegpperatured. Al ternatively, it is possible to use
PTO cl eavage d&gendi ng on the hybridization of PTO having a conpl enentary
sequente to a fbePERseNHBVeRionLAoes Aot reqyire Hhay daroptipydseic acid seausagerciocke For

e PEke G AN PRt 8 Be G Rl S Bh R Y o 0o
hybri di Zwﬂ%“@}'ﬁ%%%@g% ’ﬁ"‘ﬁ'@?‘ﬂ@'}e and then cleaved. The resultant 10

PTO fragne € CTOto provide the target signal.

Wil e, under tRghep@BtmRNA RderRipIBpid AL8aRINGRatERE), b FetPée MuMICHiplicresteplid h a

m smat chi ng tenpl ate havi ng non-conpl enentary sequence in the nucleotide
vari ati on mexesdanppriantb petoradimganakealify atey, aletails of rwiiith arec famd ihhleseph

conpl enentary sequence to the nucleotide variation in the PTOis positioned
at it s20m deHrebroek,t Rle ab; -Melequari Glgningr tA dabertarieMem@l, Coll Aptieg ndarborel y, it

is preferable that the 5 -end part of t 3. -targetin ortion of the PTO
i s positi oHPErAY YRS 1O PRRNY, serherni 'H'XQ'%QP]Q' ad &Qonﬁgucﬁeﬁceta@ifd\‘% ence
for the defecti . ot.j variatio dih ' - rt_of the

5" tar get | MEDBPL: O LB7% MEETObE iR, Aol el b R rn

nucl eot i dey\ahi@¢dtaR d drahvBBS lENRNACH begREgNce. 201 n an enbodi ment
for the de?%gt?on o?%mélf c "(lge varlﬁation, the 5 -end of the

3' -targeting_pyhéitomedinutibe 4t ended QI BtHY Metdeted edieiort Amblifedsi ngl e
nucl eotide variation in a target nucleic acid sequence. As descri bed above,
t he cl mavagdudd athyeatfdlyhgdouiiridg zedkanydtic, aukeryativ (figr exampletmotoagarsearidhduced

at a site imerliately adjacent in a 3 -dirertion to the 5 -end of
t he_3! Aug Paresitesgfungia yepst: Righer plants, lower and higher animals, including mammals

and humans) or viral (for example, Herpes viruses, HIV, influenza virus, Epstein-Barr

virus, hepatitis virus, polio virus, etc.) or viroid nucleic acid.
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25 PTQ, for exanple, under upstream priner extension-dependent cleavage

i nduction. The 3'-end of the PTO fragnent has the conpl enentary nucl eoti de
to the siwgl2e12meei2got i de vari ati on. The PTO fragnment i sPpoykr2dizeecsnsi th a
CTO having a capturing portion conprising a sequence corresponding to the
nucl eoti de variation and then extended to formthe extended dupl ex,
providing the target signal. If the same PTOis hybridized with a

m smat chi ng tenpl ate having the identical sequence to the matching tenpl ate
except for the yhengltertUl&Ribhde A& LabfiPth dehRtich YRVAGRcIebtideh 9arfdtioniTay
occur at a site two nucleotides apart In a 3 -direction fromthe 5 -end of
the 3'- taprefirably ther tarqut Micleidacifldoqudrite mprisds @f niidkeotidedriatigneTie has
the further cleaved 5 nucleotide than the conplenmentary nucl eotide to the
si ngl e nuctiesot'inddleotide sariation” Whed detdire refietsetmfny Ising@eTor myditiplelinuelgotide h t he
addi tional -cl eaved nucl eotide is designed to have a non-conpl enent ar
sequence t@bstitions, deletiony @ripeartionsdn 8RNA sequenee at a padicelpr {Oﬁ@zt'qﬂT@’?'F%grrent

i hybri di zed wi,th the CT i in_.no. i f. the PTO
= YRk OAPBn Ror 55 Yo bR SARRETSR FORAEER o
to f th LEf th
0,10, MATEERHA, s BB WPLS NS, Bolh & P kuiRaihie e (e

tenpl ate. nucleotidé\GARAAEINAIMAY ba iRhE bF YalyATERRKIE TRak vaRatidrRaFagexarhple, of the
PTO having a conpl enmentary sequence to the nucleotide variation at its

5' - end partheohudidwtidad' variativgedetedgeqaint then presenti fifventort idepdesdSNB (single
hybri di zation with a matching tenplate or 15 with a m smatchi ng tenpl ate,
such t hat RuseobTOPPlyagmhiem) eusatinnd deletion, dngentéon, isybstitutionaanddrensipsaioras

di fferent sequenc referably, inits 3 -end part, nore preferably, inits
3" - endlo  Exempiniecalgipetidsy varistian Jpelides; RUTERUS JRREIANS (e NLEIABCITWING | t he

nucl eot i de, sequen : in i derat i i.ff {n_3' ~send
parts of thP%rﬁﬁgﬁgm'ﬁI&%I Ng-\?\lgEZgﬁgﬂm%gp?%lhggﬁ%@q%t%e?%r%‘{l-g%fe%gg%nee | at e
fromthe TaHBLENRBINATH WUy resistante SO Yathfbgbfls ikl fibrideheaERakiNENt
the target nuclelc acid sequence used in the gresent invention is a
pre-anpl i fygdtions;! ei ¢ aci d sequence. The utilization of the pre-anplified
nucl eic acid sequence permts to significantly increase the sensitivity and
specificity of Indhgegtreshnt davention dor ditectipy ©f ennudiectisiet variatiog SAc dargethg to a
preferred enbodi nent, the method is performed in the presence of a

downst FeanysteiGreacid pRauenge.amhes Prispers her jrekesn usedh\havei 8ncoplerpentary

o O b S HAIA A B il B PP Bl e v
met hod is rﬂﬂefié)raaﬁdsehﬂer%%t %&aiﬁi%g the nucleotide variation is described herein as a
matching template. Where primers or probes used have a non-complementary
sequence to the nucleotide variation in the target nucleic acid sequence, the target
20 nucleic acid sequence containing the nucleotide variation is described herein as a
mismatching template.
For detection of nucleotide variations, the 3"-end of the upstream primer may

be designed to be opposite to a site of a nucleotide variation in a target nucleic acid

sequence. According to a preferred embodiment, the 3"-end of the upstream primer

25 has a complementary sequence to the nucleotide variation in a target nucleic acid
sequence. The 3-end of the upstream primer having a complementary sequence to
the nucleotide variation in the target nucleic acid sequence is annealed to the
matching template and extended to induce cleavage of the PTO. The resultant PTO

fragment is hybridized with the CTO to provide the target signal. In contrast, where
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| east two types (nore preferably, at least three types, still nore
preferably at |east five types) of target nucleic acid sequences.

Accor di ngvoaor/(9seBerred enbodi ment, the nethod is perf @CHER20E/WO28ECt at

| east two types (nore preferably, at least three types, still nore
preferably at least 5 five types) of target nucleic acid sequences;

wherei n the upstream oligonucl eotide conprises at | east two types (nore
preferably at |east three types, still nore preferably at |east five types)

of ol i gonugeedtdndest thd@pEF&Ant PdrsBSmiimdt@elt td Wonlitdttidle (ViRiaBioRrigfer abl y
at least three types, still nore preferably at |east five types) of the

PTCs and thisnatchiraptamnpiates itas noe @gtended uhggrecopditiohs tisdtl annaslingeafSthet o
types, 10 nore preferably at |least three types, still nore preferably at

| east fi veendgfepnimess is ersemtivbforvxéansion evgewhen the apstreann priggets hybridiged t ar get
nucl eic aci d sequences . are present, the nethod provides | east. two, types

of the tarYy&h g mpmalc RoiNgEEDY Jesyiingsin NosgRnerating o?iy%gargqt S8t ar get

Ty have an | daRETEaro e BrbsbleA U BTEREC AR cBerotfy & weCghifart e
present i nyaiid RiVinga ‘Eéﬁwgieﬁ%n% sé@fe{\%i@:)il%g ?\Hggotﬁ]@er fatiOn' fl §kdrg@Chitieic

sequences, the b5'-tagging portions o ave the identical sequence.

Furt her nor gid asejueitee Fypeex@mpld)e uhdép rmyitrolieeld dopditidrs, eat iRTID Havingolairal ity
of target nucleic acid sequences. For exanple, where the PTGs havi ng an

i denti cal Q@bydernentery isequeneé rtoSthe agglieotidep vatiations irartbe etapdedy pakidioracid
screening target nucleic acid sequences, a single type of the CTO nmay used.
Accor di ng $esuenqs isfhypridigec Wb dhaenatchipg deraplaken e thriprlesves. dbe resiidnti ng t o
the at_le wo types of. the target | ei ¢c.acj,d sequence e different
T val les Ti0Beamett 5 mériclzg wilt g D fo Prsvidtchs, BEFtBER IR ke "o

| east two p, . e ipg@a S A GOL L g -gﬂth I WO
types of t é@rt'%fel?é Egrg?lfg(?r%, tetlr(‘:]éd se!qsure‘%c@étﬁ@%gag}rﬂgeiad@' r%@ﬁ%itgﬁérrate%lt

types of |@Rfgs nbh-ebmpBRAfenBIN &equence in tieCRidddtdet GarRtiBh §dRitibR darRiMhedi ment ,
the at |least two types of the target signals corresponding to the at | east

two types déavete Ptefergbly, nnchisi casacitlie sompnehsant Sseqaercepto thel exicleotide t he
sanme type of |abels.
variation in the PTO is positioned at its middle of the 3’-targeting portion of the PTO.

15 Alternatively, it is preferable that the 5-end part of the 3'-targeting portion of
the PTO is positioned to a nucleotide variation in a target nucleic acid sequence for
the detection of the nucleotide variation and the 5-end part of the 3'-targeting
portion of the PTO has a complementary sequence to the nucleotide variation in a
target nucleic acid sequence.

20 In an embodiment for the detection of a single nucleotide variation, the 5"-end
of the 3'-targeting portion of the PTO has a complementary sequence to the single
nucleotide variation in a target nucleic acid sequence. As described above, the
cleavage of the PTO hybridized with a matching template may be induced at a site

_ immediately adjacent in a 3’-direction to the 5-end of the 3'-targeting portion of the

25  PTO, for example, under upstream primer extension-dependent cleavage induction.
The 3"-end of the PTO fragment has the complementary nucleotide to the single
nucleotide variation. The PTO fragment is hybridized with a CTO having a capturing

portion comprising a sequence corresponding to the nucleotide variation and then

extended to form the extended duplex, providing the target signal. If the same PTO is
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According to a preferred enbodi nent, the at |least two type of the target
signals corresponding to the at |east two types of the target nucleic acid
sequencesWVarZ8124P623ded from the sane type of |abels; whEFEKRAWRNEE ended
dupl exes 5corresponding to the at |east tw types of the target nucleic
aci d sequences have different Tm val ues from each ot her. The term
used herein "different types of |abels" refers to |abels with different
characteristics of detectable signals. For exanple, FAM and TAMRA as

f1 uor escentybriefzed t with | @bmlsmatdting aempldes efbving did figsrainhl skqamcoftol alel s
because their excitation and 10em ssion wavel engths are different from each
ot her. matchiingrtemplate pxaeptfar thersiaglei rleptideeariationethet deayagel bf thedtid | y
detect at least two types of the target nucleic acid sequences b%/h nel ting

curve anal W‘QY@C%&tt%%teeM%Wt'QG%P%@ aGdisegiondrarm the Sterd aft ee%'st t Wo
t f th t di ff
eaeh of her Bragtnp $opistifufie Prf’ ot 82 %ncﬁ?f"ﬁéfﬁvﬁem@@;%«f s eeg? et

nucl ei ¢. ac

Tar get %Det%%e.%ﬁﬂé‘f}@%? Sk ataR Al Wi tid AhBkotde GandtoM -
advant age Wher‘eh%é)rsﬁéeéft tHen'\egot h9t5hd|z%dt Wlthethéf EG@iileaﬁ-clerétﬁtr@@I%b@db od

target nucleic acid sequences even on a solid phase such as mcroarray. 20

Accor di ng designeprteflave @dnarvtumiplermattant bequenes tothe furihet icleaveds npeedtideyred on
the solid phase and the CTO is imobilized through its 5 -end or 3'-end

onto a solthg 3wanst efathe PTR &wmentpisae@ hytrigizedr yigh the JlD, fesuilingded mm t he
solid substrate is nea l’lethelmTDle zed CTOQ is used, the

mel ting an2ft§s ‘sttihﬁdyrpaft%%ﬂm% '%i’s‘ioé' eseRndifione Fre i the KV Q ff@ﬂ"'é?ﬁﬁl"ﬁ cabl e

or ef or Koa ARTRENG P El 8Refine O, 38€ RLlR YF a fiygme e vAGE LB 1 °

| inked toad;?wcg]eaa@%npﬁyb%zau&i meﬁa@haaﬁ@fr&%% leﬂ_{ miphfe £Xt ended

dupl ex durl extensi'on reaction. In parti cular, e present

i nvention on aazedrding 6 Qﬁé@fr@@mﬂédﬁ%%é’dﬁg@%&z of the PTO having a

complementary sequence to the nucleotide variation at its 5-end part of the 3'-

targeting portion is different depending on hybridization with a matching template or
15 with a mismatching template, such that the PTO fragment released from either
hybridization event has different sequence preferably, in its 3-end part, more
preferably, in its 3’-end.
According to a preferred embodiment, the selection of the nucleotide sequence
of CTO in consideration of the difference in 3"-end parts of the PTO fragments allows
20 to discriminate the matching template from the mismatching template.
According to a preferred embodiment, the target nucleic acid sequence used in
the present invention is a pre-amplified nucleic acid sequence. The utilization of the
pre-amplified nucleic acid sequence permits to significantly increase the sensitivity

and specificity of target detection of the present invention. _

25 According to a preferred embodiment, the method is performed in the presence
of a downstream primer.
The advantages of the present invention may be highlighted in the
simultaneous (multiplex) detection of at least two target nucleic acid sequences.

According to a preferred embodiment, the method is performed to detect at
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phase is performed using a single label, it can utilize a general
fluorescent | abel and does not require a specific fluorescent |abel capable
of provi dAWAGIR/¥PWr escent signal with different intensPCTEREBIOMS ng on
its presence on double strand or single strand. Wien the CTO i nmobili zed
onto a solid substrate is used, chemcal |abels (e.g. 5biotin) or enzymatic
| abel s (e.g. al kaline phosphat ase, peroxi dase, 13-gal actosi dase and

13- gl uocosi dase) may be used. For the solid phase reaction, the CTO
i's i mobi | leagtdwdi typesd (ivio piefutabi@ cat! Isadtthadectypbs, ystillvélbreepriefeyably lat daagh i ts

5 -end or 3'-end (preferably the 3'-end) onto the surface of the solid
subst r at e. fiveulypesrafitarget nuaeicCIay sequebeesi mobi | i zed on the 10 surface of
the solid substrate in a coval ent or non-coval ent manner. Were the

i nmobi | i zed CTAECOsAIRg |t Braferreds emadiment:| thegnehodre pelfpimrd tydetegkeato) i d
substrat e, I i nvention

iitabl e |ink . | i nk f ul [
may i ncl udlgg In'}%’/‘%l Wﬁﬁ%:('g’o%[ sﬁefl"-r{gtﬂvlfs%ﬁe#%ﬁ &Rg%?ﬁtﬁirﬁ?r:é&fegeﬁét{?%ét éq.?ls ace of

the solid { AP ! I L % A ]

functi oénal ﬂég%%% gﬁ ﬁ%ﬁét_or_ ar y!aago%bgﬁrhncgg’_ v“\flﬂt@#'q ﬁr?égp&lt un@t@%ﬁqug})?@e serve
as | i nker scdnffirised Qti EABDINS ZFheP Tmokd) prefdidblyoat [B&3tYtHrdd tysds, <l Retyy (A)
tail may serve as linkers. According to a preferred enbodi nent, the
sol i d subspreferably s€deash fivhetypes) safndligonuabatitides) the RITOricompeisesagt leastetwo
mcroarray to provide a reaction environment in this invention may include
any those anfrn@r@ poeferably afldeast thrae typesastill. mavel prefesbbs atdsasyifive fepes) of
present inyention, |

.. ybridjzation to target nucleic acid sequences,
cl eavage, t YRS enf t'?ﬁeqﬁgr&?"éﬂ’iﬁe? Iahj)ﬁaéts%‘ﬁé\é‘?edé?r@%ﬁ at %aét BYQ YRS out on
the mcroarr i i]i e I rt )
nybr i e anre eaprele) iy et YR oSy i bl pffiereB ot st Al 8% o1 0 oy
i ncl udes, gHh: Wkrein ngeﬁda RastTBIG!typdsCod the &gt n,@+léi@yac‘ﬂic s&g.léﬁc@sngrémppeﬁ
al um num), nmetal oxide, glass, ceramc, quartz, silicon, 5
sem conducpresentSihe PhétRod\pfdvides Q€ leaBttiwdNlyp&adfl the Marges sighake cortadpbiding gar bon
nanot ube, polyners (e.g., polystyrene, polyethylene, polypropylene and
pol yacr yl atieds Jeassayphypesef, thadengesrudeiciadd seqietses. A plural ity of
i mobilized CTGs in this invention may be immobilized on an addressable
region or two dhendrieagiegmesions ef theyiasnlgagntwe SIOsdMayphaveape idarficalmy

i 2-1,000, 000 ad b] i o bili d.. CICs b
Pl LI e chetlionse. 3 ash the Pt nStange uwinate e Bredent ENShtiofs s caffief, oLt for

kot narecn e e i Bdd SeprEes e - adE pBlhe BT v pave, oo

i nvention gperidaiieBdeqiedcee sol id phase can detect sinultaneously 5 a
plurality of target nucleic acid sequences even using a single type of a

| abel because Furhdraloed,sa singlehepeCodCehel OTM dyi used far detpttioni afed plyradigpefr at ed.
In this regard, the nunber of target nucleic acid sequences to be detected
by the pregeget nusleineridnsegivendes. Sor iedampplas evhiese tbe ATOsi having ao identical
Preferabl e Enbodinent with Anplification of a Target Nucleic Acid Seguence

20 sequence in their 5-tagging portions are employed for streening target nucleic acid
sequences, a single type of the CTO may used.

According to a preferred embodiment, the extended duplexes corresponding to

the at least two types of the target nucleic acid sequences have different T, values

from each other.

25 According to a preferred embodiment, the at least two types of the target
signals corresponding to the at least two types of the target nucleic acid sequences
are provided from different types of labels from each other.

According to a preferred embodiment, the at least two types of the target

signals corresponding to the at least two types of the target nucleic acid sequences
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Preferably, the present invention is carried out sinultaneously with
anplification of a target nucleic acid sequence using a priner pair
conposed WO 28r/9p¥8r eam priner and a downstream prinmer EapaR20124f00287

synt hesi zi ng the target nucleic 15acid sequence. I n anot her aspect of
this invention, there is provided a nmethod for detecting a target nucleic
aci d sequences froma DNA or a mxture of nucleic acids by a PTOCE (PTO

Cl eavage and Extension) assay, conprising: (a) hybridizing the target

nucl ei ¢ acid HERYRNEES thé Eé?n@t@%id?‘%be&@i r conprising an 20 upstream priner
and a downstream prinmer and a PTO (Probing and Taggi ng A igonucl eoti de);
wherei n each ofactdréingpt & gaefiepret nambatidleit) ehd anighsteano yperef thogigese a
hybri di zi ng nucl eoti de sequence conplenentary to the target nucleic acid
sequence; SigrelPTadresponding &s thid pt kad twaatypes oh gheptargétomucksimpeid seagenges
hybri di zi ng nucl eoti de sequence conplenentary to the target nuclejc acid
25 sequenc&€aRtPvided) frams:the ssametyper efi dbelsonphereimdghe neest jdyplexgquence
non- conpl enentary.to. the t ef . nucl ei c i d_sequence; wherein th

BT ar gt orErasah g %, 0BTt ol Satror e el dERE i St BavRnce
and the 5' i i J hybridi zed with the target nucleic acid
sequence; |E§%ﬁ#ﬁ¥§8§%@g@ggé%gmen the upstream priner and the downstream
primer; wher ei mhehemPTedd RerehO ARSAOGPES IPEDEISRATER/ B08BET withagednat i ts
3'-end to prohibit its extension; (b) contacting the resultant of the step
(a) to a tehapdchdristice pf nidimatabieusigeals. Bar elxapgllg,nBAM sandn@AMRA a8 fiuorescehiease
activity under conditions for extension of the priners and for cl eavage of
the PTO wieepdemlabgieare ¢oansidgwedias diferentatypesioflpbels breauss their gsitatiarcend ¢ aci d

sequences, the upstrea ri i s extended and the extended strand induces
cl eavalfe ofMiEHEN B’T’G'B"‘ﬂ%géret ﬁ?fﬁ%"té‘-”ﬁ@ﬁérhﬂm' nucl ei ¢ acid pol ymer ase

having the 5 n e [, V] . r agnent
conprising the Vg%-rgggegPlﬁéédﬁdé\%%gﬁHgstb%ﬁbg@Fg tE(gP Htﬁg}{%ﬂg{y&?&gﬁaﬁﬁe& 'lR\(’)on of

t he PTO b b2 : ‘?g_,ﬁg&t ; r ' CTO
(Capturi né@l g%%lo@eﬁ%?gtb ﬁ\%ﬂkg ?ﬁ%%ﬁ | eot | %@%ﬁ@%?ﬁeﬁﬁﬁﬂ%@Y&%ﬁ%@s in a
3' to 5 diuphsdcs @Brrédpbnding ad thi athigagtaivbitgPesCefrté itsrgagntidicidie¢ seéqutpcesquence
conplementary to the 5 - tagging portion or a part of the 5 -tagging

porti on of havedifferontafidvglues) fremteantp bttter,nit isprassiblertoadetent iat leagt tvantypesof i de
sequence non-conPI enentary to the 5 -tagging 15portion and the 3'-targeting
porti ol vihetengat pyrdeie acid seqHenEes e digingratingle fypeaha label (e.g. FAM).

Target Detection Using Immobilized CTO on a Solid Phase

The prominent advantage of the present invention is to be effective in detection
of target nucleic acid sequences even on a solid phase such as microarray.

20 According to a preferred embodiment, the present invention is performed on
the solid phase and the CTO is immobilized through its 5-end or 3’-end onto a solid
substrate. In solid phase, the target signal provided on the solid substrate is
measured.

Where the immobilized CTO is used, the melting analysis using labeling systems

25 as described above is applicable to the solid phase reaction of the present
invention.

According to a preferred embodiment, the target signal is provided by a single

label linked to the fragment or by a single label incorporated into the extended duplex

during the extension reaction. In particular, where the present invention on a solid
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I's hybridized with the capturing portions of the CTQ  (d) perform ng an
extension reaction using the resultant of the step (c) and the

t enpl at e-Wepgerd¥siz3nucl ei ¢ aci d pol ynerase; wherei n t he PCTAR2E12/00p38Gr i di zed
with the capturing portion of the CTOis extended and an extended duplex is
20 fornmed; wherein the extended duplex has a Tmval ue adjustable by (i) a
sequence and/or length of the fragnent, (ii) a sequence and/or |ength of
the CTO or (iii) the sequence and/or |ength of the fragnent and the
sequence apiHselis F@mHédesi@@sﬁEQIabél,e?t daR| i a tfeReRK flasrdsene pePdndver a
range of tenperatures to give a target 25 signal indicative of the
presence odoeshmt eadudrece dpeatifial faoressbetr label dapablé af gedviding a fluorescenteignded by
(i) at least one label linked to the fragment and/or the CTO, (ii) a | abel

i ncor por at with diffecent irtersitiesrdgpendiog beits resenes emdouble stnendoer sirgle strand. (iii)
a | abel incorporated into the extended dupl ex durin he extension reaction
and a | abel | | Whea the GiRdmmahiizes onieveisalid subatretes ugei(Cﬁe'j"CPhkaE?'eZ@gu ng

< gnal ;% witPt of BRERIERhaE (B4 RACH SrBouti SRRKRE b ol conce

of the tar Bk&didasadfindy peqedice. SSince the preferable enbodi nent of
t he presen?ﬁf%gent(?éc')ns?gl E%WS tﬁg steps of the present nethod described

above, the conpentisteselid phastsedrtibreeie dTOMsAMmebilizdde dirédtlyooid eididestyavoi d
undue redundancy leading to the conplexity of this specification. According

to a pr ef efprefdrablybindirentiy) throheh ritst fteddfarr 3'read (poefprablyethecPesd) ogto tite t he
steps (a)-(b), (a)-(d) o w th denaturation between repeating

- (f
cycl es. Tr?x a6 @f i tha soé@&ugsat)raig- %:@rtla@,rmamee@ Qi ey epmmobilzed g #1e t he
t t ' i Preferably. .th lification i d i
nccor dHno Ut WhRe R, TSGR Thai FPVPIEAE o GRS YPIERE TReriieE BB, ey 0, 5. |
Pat . os. etk SEnARR Al hehelPordBne LEMGA0EA TR Gplirgber ! o

enbodi nment S perforne ect at |l eas pes of target

nucl ei ¢ acd ftablRUINREISE e used. THRCIFREM Bl On %iP'ir%ﬁt"icSrﬁ%a?mﬁﬁéT&W linkeRe at
| east two type of the target signals corresponding to the at | east two

types of titiizéd fgreprobel irhmobilizatiofl arethecsutfage af eh@solid siddtrbteoFot krarmplae t ype
of | abels; wherein the extended dupl exes 20corresponding to the at | east
two types akylohery segpoundgovidh amiaeifdnctionelisy) o aikyhercandi ¢omeposinds With thial ues
from e%ch f%%?t?ornélity serve as linkers for CTO immobilization. In addition, poly (T) tail or poly

(A) tail may serve as linkers.

According to a preferred embodiment, the solid substrate used in the present
invention is a microarray. The microarray to provide a reaction environment in this
invention may include any those known to one of skill in the art. All processes of the

20 present invention, /ie., hybridization to target nucleic acid sequences, cleavage,
extension, melting and fluorescence detection, are carried out on the microarray. The
immobilized CTOs on the microarray serve as hybridizable array elements. The solid
substrate to fabricate microarray includes, but not limited to, metals (e.g., gold, alloy

of gold and copper, aluminum), metal oxide, glass, ceramic, quartz, silicon,

25  semiconductor, Si/SiO, wafer, germanium, gallium arsenide, carbon, carbon nanotube,
polymers (e.g., polystyrene, polyethylene, polypropylene and polyacrylamide),
sepharose, agarose and colloids. A plurality of immobilized CTOs in this invention may
be immobilized on an addressable region or two or more addressable regions on a

solid substrate that may comprise 2-1,000,000 addressable regions. Immobilized
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[11. Target Detection Process by PTOCE Conprising Detection at a

Predeterm ned Tenperature 25The present invention can be nodified to
utilize awvoappaverBgnal generated in association wth tRETAR2AEYW00I870f t he
ext ended dupl ex. In still another aspect of this invention, there is
provi ded a nmethod for detecting a target nucleic acid sequence froma DNA
or a mxture of nucleic acids by a PTOCE (PTO Cl eavage and Extension)
assay, conprising: WD 2012/096523PCT/ KR2012/ 000287 (a) hybridi zing the
target nuctrdS ndy BeSRBHENEE tYl plodace RS &2 BHEYd %}nucltgi@@i i pligdtion abPTO
(Probi ng and Taggi ng A igonucl eoti de); erein the upstream ol i gonucl eoti de
conpri ses enkyitidndl fabrication céahmblodies Sactuanpleotolithpd repheyy irkrjgtting, ineehdnioabet

nucl eic acid sequence; the PTO conprises (i) a 3" -targeting portion 5
conpr i si ngmicresppiting; andhderivativesdheigef. sequence conpl enentary to the target
nucl ei ¢ acid seguence and (ii) a_5' -taggﬂwng7 Hl_)cgrtion co risi_n‘g a nucl eoti de
sequence non- cOhPIPESRERt HVeNtas Rertormed QBitha selitpbasecgan Gaber SIREtanGAY i n t he

and (ne 5 @ DU bR ek et s s ?%*ﬂ@%ﬁ%%ﬁ%?ﬂﬁﬁ%?%ﬂ%GQE?d
; ot My 8¢ T 2
{5y cont hcTraUPh B 0% FRIUAREES o € pry Sl REB Rt oI BRE Phort o

nucl ease agirhbdrtof taréehucieiodcld stasieh@s t6|beadadted by tthe pREkeht inb@itRinnort he
upstream ol i gonucl eotide or its extended strand induces cl eavage of the PTO

by the enzthewsolihphasg i¢ het IBhitetucl ease activity such that the cl eavage
rel eases a fragnent 15conprising the 5 -tagging portion or a part of the
5'-tagging portion of the PTQ, (c) hybridizing the fragnent rel eased from

the PTO wi @] turin d | atJ O i gonucl eot wwherein the
CTo coffor | BoPreteranie ErpbpaltieRE it Rribjiritotin, dF 4 arget Nk ARRL | ng o
nucl eot i deséﬁgémce conplenentary to the 5 - tagging portion or a part of
the 5 -taggrng portion of the PTOand (ii) a tenplating 20 portion

conprising a npedrggblydethze PHesrR HARNEONPILNER&T Yol §ifItinecudydivitth
portion and the 3'-targeting portion of the PTO wherein the fragnent

rel eased fampiifichtorPdfOaitarday bitidicZzaziti ¥éduentenasingat pirnegpgio tomposedfoftare CTO,
(d) perform ng an extension reaction using the resultant of the step (c)
and a t enplpstreaticprimercand s dewestreasr prampiotapableaafsynthiesiziog the krgeéty nughaint
hybridized . 25 with the capturing portion of the CTOis extended to form
an ext Bnde?Fi¢sRAUEREE. wherei n t he extended dupl ex has a Tm val ue adj ustabl e

Py O 35 SOeBE e Rind E0%HR BRI Torekd Pl BrSe R R L
% o o TBARI A Skt RGP o) ARS8 By o v ces
(PTO Cleavage and Extension) assay, comprising:
(a) hybridizing the target nucleic acid sequences with a primer pair comprising an
20 upstream primer and a downstream primer and a PTO (Probing and Tagging
Oligonucleotide); wherein each of the upstream primer and the downstream
primer comprise a hybridizing nucleotide sequence complementary to the target
nucleic acid sequence; the PTO comprises (i) a 3’-targeting portion comprising a
25 sequence and (ii) a 5-tagging portion comprising a nucleotide sequence non-
complementary to the target nucleic acid sequence; wherein the 3'-targeting
portion is hybridized with the target nucleic acid sequence and the 5'-tagging

portion is not hybridized with the target nucleic acid sequence; the PTO is located

between the upstream primer and the downstream primer; wherein the PTO is
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WO 2012/ 096523PCT/ KR2012/ 000287 |inked to the fragnent and/or CTO, (ii) a

| abel incorporated into the extended duplex during the extension reaction,
(i) at weast2z/yme3l abel |inked to the fragnment and/ or ETODKR212400028Gel

i ncorporated into the extended duplex during the extension reaction or (iv)
i ntercal ating | abel; and 5(e)detecting the extended duplex by neasuring the
target signal at a predeterm ned tenperature that the extended dupl ex

mai ntai ns its doubl e-stranded form whereby the presence of the extended

dupl ex i ndi cpbegedtdts-eae s profbittifteextais@@t nucl ei ¢ acid sequence. 10Since
the preferabl e enbodi nent of the present invention follows the steps of the

present met h(y) abnteetintether iebathng ot et stbpr(a) tvea terhplategdepengent trivelecoaditbn
descriptions between themare onmtted in order to avoid undue redundancy
| eadi ng t o tpAymerase dwaving af> ticlsasspa@ivity cenden rconditienspfassediensiany ehthen

ool o 1 onPldER D! Sthatest T GRer A MeBLiRe HTGHS Sy BRI EL e RIS e ¢ 1

sSe e
e e ondotanad HiléR e LRt 1 Ghidin GRNOE SieRf e BRERNAD O
ext ended d“pgt?éhdp‘r:‘rfdfu%& Qiegeégesgggﬁé ERP R aweofte,ﬁb@%aésqegﬁg}tnau&ae gid on

fromno-formation of the exten dupl ex "and the IS detected at

a predet er nmi peligmbBPEHaRING! thel Bahudibasecydtivng amlich Uphe XhaTricatagen selédses a
doubl e-stranded form whereby the presence of a target nucleic acid

sequence i s fiagreenti coathrising the 5'-tadbiteg portiseror a pareof it Si-wgging rpmetion ef a
target signal in association with the formation of the extended duplex, for
det ecti on of theHdQir esence of the target nucleic 25 aci d sequence.

L1 hepr Soeflh htsithe e Hasest led B e PR3, %500 Repheicind
2 el oS AN AR B 0 SR o 5 AR rom
capturing portion comprising a nucleotide sequence complementary to the 5-
tagging portion or a part of the 5-tagging portion of the PTO and (ii) a templating
portion comprising a nucleotide sequence non-complementary to the 5-tagging
15 portion and the 3'-targeting portion; wherein the fragment released from the PTO
is hybridized with the capturing portions of the CTO;
(d) performing an extension reaction using the resultant of the step (c) and the
template-dependent nucleic acid polymerase; wherein the fragment hybridized
with the capturing portion of the CTO is extended and an extended duplex is
20 formed; wherein the extended duplex has a T, value adjustable by (i) a sequence
and/or length of the fragment, (ii) a sequence and/or length of the CTO or (jii) the
sequence and/or length of the fragment and the sequence and/or length of the
CT0;

(e) melting the extended duplex over a range of temperatures to give a target

25 signal indicative of the presence of the extended duplex; wherein the target signal
is provided by (i) at least one label linked to the fragment and/or the CTO, (ii) a
label incorporated into the extended duplex during the extension reaction, (iii) a
label incorporated into the extended duplex during the extension reaction and a

label linked to the fragment and/or the CTO, or (iv) intercalating label; and
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t enper at ur e. The |l abeling in the present invention nmay be executed in
the sanme manner as that for the nethod using a nelting anal ysis descri bed
above. FiWy©.202/008528ny il lustrate this aspect of the prePEMKR20124090286n wit h
alittle nodification for detection at 5a pre-determ ned tenperature.

The working principle underlying a target signal fromthe extended dupl ex
is as follows: (i) the extension of the fragnent induces change of a signal
froma label to give the target signal; or (ii) the hybridization
of the fragmmt dapdtibdehd-dxtehddtiuGaex SHIERUMg theStBGR! sidilllr RRerby dkel to
give the targét signal and the extended duplex maintains the target signal.
The exenpl i f pedessebsfcthe®ixtendéd daplexvirididates thei presepte of the taagethickbizsadid bed
with referring to Fig 9. Wiere immobilized CTGs are used, the present

i nvention deseguence plurality of target nucleic acid sequences in nuch nore
effective manner. The 15 tenplating portion of the immbilized CTO has a
reporter nol ecul e and a quencher nol ecule. The reporter nol ecule and the

h I L f i opal | ' h h | I h
uencher ol oo dinge g€ plReRe e aiBrTorar HHEah L NPREr elpae e Refnal "t he
fragment igenylEdgi rﬁ&%&"&e@ ﬁdféﬁ %&,uweorn%h'ﬁg r@:Itiowa%e@é% Eﬂégrb%t?”‘?her
nol ecul e quenches the si gnaf romthe reporter m)f cul e.” By tnhe

formation ghittedeinedr@nded adsia! @rduet RRIUhEARYt RAdIAE! &C thee BRpldxfty sfuUgisher
nol ecul e are conformationally separated to all ow the quencher nolecule to

unquench tépecicgtim. from the reporter nolecule. The target signal is given
in the extension step (Cand Din Fig. 9). In Fig 9, the hybrid between the
uncl eaved PTO AaePrding d@@prﬁfﬁrrqdoeﬁmbqame%ém aradieed furthee xomprise egpeatENg t he

guencher | ecul e, is, alloywed to ill quench_ a signal fromthe reporter
ol eculls.  DRSHERIR b HIRE GG GHadivin Aeretiiarige Pelgnaepeaing ks The
exenplifie odi nent  f.or i pri e ki e ribed with
referring %S%Q?é%ﬁ'ﬂﬁe'gf?ctﬁgﬁggﬁﬁ%fu@@? a%nlf]sém'f %O%pﬁgs%ﬁ%%%egggég é\/\C/qul as
the net hOdséd;%bﬁk%. "Bickdritdy, aRad YathQificdtidh 9s - peitRE RPTckcande WAt IR has a
reporter nolecule and 56
(polymerase chain reaction) which is disclosed in U.S. Pat. Nos. 4,683,195, 4,683,202,
and 4,800,159.
15 According to a preferred embodiment, the method is performed to detect at
least two types of target nucleic acid sequences.
According to a preferred embodiment, the at least two type of the target
signals corresponding to the at least two types of the target nucleic acid sequences
are provided from the same type of labels; wherein the extended duplexes

20  corresponding to the at least two types of the target nucleic acid sequences have

different T,, values from each other.

II1. Target Detection Process by PTOCE Comprising Detection at a Pre-

determined Temperature

25 The present invention can be modified to utilize a target signal generated in
association with the formation of the extended duplex.

In still another aspect of this invention, there is provided a method for

detecting a target nucleic acid sequence from a DNA or a mixture of nucleic acids by a

PTOCE (PTO Cleavage and Extension) assay, comprising:
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WO 2012/ 096523PCT/ KR2012/ 000287 a quencher nol ecul e. The reporter nol ecul e
and the quencher nolecule are conformationally adjacent to each other to

al | ow t hevguerdles23nol ecul e to quench a signal fromthePECEFER20EY00M87ecul e.
The PTO hybridized with the target nucleic acid sequence is digested to

rel ease the fragnent conprising the 5 -tagging portion with 5 the reporter
nol ecul e and the quencher nol ecule, and the fragnent is hybridized with the
capturing portion of the CTO By the hybridization, the reporter nolecule
and the quengfierhyBikiging ks %{et%@l“e&?d&} iRphde/witie BATBLIPEL Blighruenotide
guencher nol ecul &€ to unquench the signal fromthe reporter nolecule. The
target signabnd sa QPR@N(Probihdearid aagny OyHYonudicotitie)pnwhtenh ahd tpstreaxt ended
dupl ex maintains the target signal (C 10and Din Fig. 6). In Fig 6,
the hybrid beligtoaclestite apmprises/a dylRidixing dudéntidepequenseicamplemantarytg e si gnal
(Cand Din Fig. 6) and it is necessary to dissociate the hybrid to renove
t he non-tar gtr9eli gHeeic agidrseasenrce; + the ¥$9’pé9’89rdﬁeé fibra nEA3Tgeting ROREOR ar get
signal is determned to djssociate. the hybrid. Accordi o.a preferred
enbodi rent . CHEPIELRA B ARG paeide Rareie emm e ey 8 e el of
hybrid's Tm di - Qr ] ,mgé& 1 ended
dupl ex may bé&%gﬁ%ugp geda?a? ﬁ@?ﬁ%&?é@ﬂé gg?c{dﬁac?) t néﬁ‘\ﬁyag“ ||§g %g%%ngﬁn@

di ssoci at ed. complemerltaf; R6 &Het FdEt NQstIdiE€ Rl 8édiiefce;S wRB@IE thé B Rarglng
hybrid's Tm val ue m nus 10C, preferably, higher than the hybrid' s Tm val ue
m nus 5C, nopatipn a$ dybiidized Withhie Bbgdtanuddie ahigbsequiescel end etheles-taadireg i | |
nore preferably, higher than the hybrid's Tm val ue plus 5C Accor di ng
to a preferrpertientgsdiotdybridizeds Withr thet tarpein auCgie Rgidd senuepce; hidee NPKFRIEY

duplex is given dyring .the extension of t step (d); wherein a hybrid

bet weel an lﬁ'fQ?@Hét%‘bt"g'l'ﬁJ]oéﬁt& HRELreaFthO H?Sg]‘erﬁit 1 gThtiC et_S ga_, ZSS_I es a
non- r signa g t L0, Fi -4 - . r di fo a
preferred enk)b(;d|2C§ét%;’l{"%{sﬁ'{eé ’[eeglrjlgéeht dgigtg%as?eppga@\r}go%d%b n}%re‘?vén éﬁ%engm'ggqu ex is
gi ven by thea&wpy'tgwe?t tSHitIns R leBigRNof 2fHé P1O; Glfbrelh the GhRRakf) and

the formation o e extended duplex maintains the target signal in the

step (d); wheligdhlcléotitieluriit dxednded strand intucesntlesialid Of andPTh oy BEepzryind des a
non-target signal; wherein the predeterm ned tenperature is higher than

t he hybri d' shauing/dheied’ aicleaspr adivity esich ntht dbe Gedagedreledsds3.a fragmenthen

t he hybrid between the uncl eaved PTO and CTO provi des non-target signal

(Panel 15D i n fanaprising the 5-Eagqingapastion, ok 3 Pt 9§ B attadqing: PeRiBR iof thedP T&nove t he
non- (c) hybridizing the fragment released from the PTO with a CTO (Capturing and

Templating Oligonucleotide); wherein the CTO comprises in a 3’ to 5’ direction (i) a
capturing portion comprising a nucleotide sequence complementary to the 5'-
tagging portion or a part of the 5’-tagging portion of the PTO and (ii) a templating
20 portion comprising a nucleotide sequence non-complementary to the 5-tagging
portion and the 3'-targeting portion of the PTO; wherein the fragment released
from the PTO is hybridized with the capturing portion of the CTO;
(d) performing an extension reaction using the resultant of the step (c) and a
25 with the capturing portion of the CTO is extended to form an extended duplex;
wherein the extended duplex has a T, value adjustable by (i) a sequence and/or
length of the fragment, (ii) a sequence and/or length of the CTO or (iii) the
sequence and/or length of the fragment and the sequence and/or length of the

CTO; wherein the extended duplex provides a target signal by (i) at least one label
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Starget signal. Therefore, the tenperature for neasuring target signal is
determ ned to dissociate the hybrid. The | abeling systens useful in this

i nvent i orw@i2b12/49e52descri bed as fol lows: 10 (i) Label | i RK&KR201%(96287r agnment
and/or the CTO (i-1) Interactive dual | abel In an enbodi ment of an

I nteractive dual |abel system the CTO has an interactive dual | abel
conprising a reporter nol ecul e and a quencher nol ecul e; wherein the
extension of the fragnent in the step (d) induces change of a signal from
15 the interpedv®d Héafradrad®t! andjogCTE, (iNEa tigbd ahcorpaHard. intd1éhd iextehded
enbodi ment of the interactive dual |abel systemis illustrated in Fig. 2.
The target sdgplex duringtheeaxtenision reactions {(ibnatslgast onerabet linkedgodhe drageeat | on.
According to a preferred enbodinent, the reporter nol ecul e and the quencher
nol ecul e mayandor defl endag tahel tfrcemaseted gintdbrthe oextendeadn duptero, dyringe &k di ng

to a preferred enbodi nent e of the repprter nolecule and the quencher
mol ecul e on F)ﬁ:@n%qagthrbgraé)\adntgfcafapggi})aeb?ag@@ or at 1-5 nucl eotides apart

[rom 112 509 BHkche " Shchied SRS pOHEITR, SRY, gl b &1 o7

fromt r o ependi ngron C
enbodi ment  ofreABtekMindH Ak EPatipR! thhtaRRe SHSIRM dupex Ghankass a8 dodBle-

I nteractive dual |abel conprising a reporter nolecul e and a quencher

nmol ecul e; whstraidedt foemhwotidrethyz ahé qaresdince hef thea @mdeandlipidse ifdidatasn tiehe st ep
(c) induces change of a signal fromthe interactive dual |abel to give the
t ar get si gnapresentetdid¢hetargetdedleitigsidesequenaet ai ns the target signal.
According to the preferred enbodi nent, the reporter nolecule and the WO
2012/ 096523PCT/ KR2012/ 000287 quencher nol ecul e may be | ocated at the

captur {Ong port gl%@e %l];e tppe?er%g'embodiment of the present invention follows the steps of

the present method above-described except for the melting step, the common
descriptions between them are omitted in order to avoid undue redundancy leading to
the complexity of this specification.
The present invention using a melting analysis described hereinabove requires
15  detection of signals from labels at not less than two different temperatures because
the target signal is given by measuring signal change provided in melting of the
extended duplex.
Unlikely, in this aspect of this invention, the extended duplex per se gives signal
capable of discriminating formation from no-formation of the extended duplex and the
20 signal is detected at a predetermined temperature that the extended duplex maintains
its double-stranded form, whereby the presence of a target nucleic acid sequence is
determined.
The present invention is to measure a target signal in association with the

formation of the extended duplex, for detection of the presence of the target nucleic

25  acid sequence.
In the present invention, the extended duplex has a label such that the
extended duplex provides a target signal.
Preferably, the target signal includes a signal (signal generation or signal

extinguishment) from the label on the extended duplex at a pre-determined
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According to the preferred enbodi nent, one the reporter nol ecule and the
quencher nolecule on the CTOis located at its 3 -end or at 1-5 nucl eoti des
apart fr ow0i2082/@6528nd and the other is |ocated to quencRCAAR20WEISECh t he
signal fromthe 5reporter nol ecul e depending on conformati on of CTO

In this enbodi ment, the hybrid between the uncl eaved PTO and the CTO

provi des non-target signal; wherein the tenperature for neasuring the
target signal is determned with consideration of the Tmval ue of the
hybrid. | nepipefstedi nent of an interactive dual |abel system the fragnent
has an 10 interactive dual |abel conprising a reporter nolecule and a
qguencher nol ecThe;labsting & thet presdmy inviedticratriagrbeoéxetiited fim slgnsarhe arathnethas CTO i n
the step (c) induces change of a signal fromthe interactive dual |abel to
gi ve the tthegdor sheyrmethaddusinge aereliindednalygis aleseribedt abave. tFigs. tZkganasi gnal .
The first enbodi ment of the interactive dual Ial?el sP/_stem is jllustrated in
Fig. 6. 15AEER Y asReCt AlethREesent dyerfigiotithedittle pipeifisptionior defsston pt

nol ecul e and th uenche | ecule on the fragnent is located at its 5 -end
or at -5 %BE‘T%%F?WB%‘?EQS&?Q?&FF%mthe 5'-end of the fragnent and the ot her
is located to - Sk Iy on
conformation quH ?WWQEH@]‘?E%MH&‘Bs%ﬁéfﬁﬂaq 2'r° Odleﬁéiﬁ(}}%r@etdﬁigﬁﬁstﬁ?sd

bet ween t hliows ! @atheextEHlopnst thé eragihen2Mauess drpgd @R atsigraetroml gnddel tovher ei n
the tenperature for neasuring the target signal 1s determined with

consi der at giemthef tatdet signalyat ue of the hybri d. I n an enbodi nent of the
interactive |abel system wherein the fragnent has one of an interactive
dual | abel confi)itedybddizationrefdhe fmgmeant andribe £TQubadYtes chapgeelipsiamal t he

CTO h th th f the i ti d I l,; in.th 2

oo oo si e DEoeED VSO RN ke R LLGES R i e o

a signal Lsri%rfglthe interactive dual |abel to give the target signal and the
u

ext ended €x maintains the target signal. The enbodi ment of the

interactive dughe kabfplified Enfibdinterit|of Bed Wak®H ,Bﬁhcgiléglg) mAy b’é?b%s&rﬁ:f%arv{//i\%r

nol ecul e and the quencher nol ecule may be | ocate any site o
2012/ 096523RemndR2 Big Y. WKE8 Tmirobili EBdCTOs greeugedathd priasenCTtvention detegtsas t he

signal fromthe reporter nolecule is quenched by the guencher nol ecul e.
plurality of target nucleic acid sequences in much more effective manner. The
15 templating portion of the immobilized CTO has a reporter molecule and a quencher
molecule. The reporter molecule and the quencher molecule are conformationally
adjacent to each other to allow the quencher molecule to quench a signal from the
reporter molecule. When the fragment is hybridized with the capturing portion of the
CTO, the quencher molecule quenches the signal from the reporter molecule. By the
20 formation of the extended duplex, the reporter molecule and the quencher molecule
are conformationally separated to allow the quencher molecule to unquench the
signal from the reporter molecule. The target signal is given in the extension step (C
and D in Fig. 9).
_ 1In Fig 9, the hybrid between the uncleaved PTO and CTO does not form an
25  extended duplex. Therefore, the quencher molecule is allowed to still quench a signal
from the reporter molecule. The hybrid does not provide non-target signal.
The exemplified embodiment for the working principle (ii) may be described

with referring to Fig. 6. The figure illustrates the present aspect as well as the method

using melting analysis. The 5-tagging portion of the PTO has a reporter molecule and
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According to the enbodi ment, the reporter nolecule or the quencher nol ecul e
on the PTO fragnent is |located, preferably, at its 5 -end. 5According to

t he embodwOent2/096328 reporter nol ecul e or the quencher nMBCEIR2012019028e CTO
is located, preferably, at its 5 -end. In this enbodi nent, the hybrid
bet ween t he uncl eaved PTO and the CTO provides non-target signal; wherein
the tenperature for neasuring the target signal is determned with
consideration of the Tmvalue of the hybrid. 10 (i-2) Single |abel In

an enbodi n@ngueplkhér solture. | FRe! repdigére Molédie GhEY BRS dqueptig! molerbr! apnd t he
extension of the fragnent in the step (d) induces change of a signal from

t he si ngl ecdnidrelatibnallyi adiacehietd eadhedthean pnallow fheequenttusti maleculoto ghenchiangl e
| abel systemis illustrated 15in Fig. 3. The _t_ard%\e'g signal is given with
ext ensi on- gt Hroohithe: depsrigh anole@irerEel BRO hybridizedawitb rtbie rfgraeb nugleic acid

P ™ ke S e 5 had s aiekin, S et i °
BT g LT R e e

t he targetyai ; efde Pzl ' t ' .
Accor di ng tthg @Egﬂrlgﬁbfﬂgat?dﬁg%fﬁfét he ?gg'{"ﬁP%@%P{‘ﬁ@%ﬁ?&feﬁe’%&%@@ Eh?gf)éel ed

W th the sgueskiferl adletule are conformationéllyi sepersbatiion@ioy thehguchstiarinlble@ileveen t he
uncl eaved PTO and the CTO 25provides non-target signal; wherein the
t enper at urénduenchrihes sighalgfrerethe anepertersinglesilei Iheldargetrisigndl isi given in the
consi derat firé)gr:ngrft rfygﬁdi-zl-a?gio\:\aétgg acr)\fd tE\Q (aexpe%gécij %'uplex maintains the target signal (C
10 and D in Fig. 6).

In Fig 6, the hybrid between the uncleaved PTO and the CTO provides non-
target signal (C and D in Fig. 6) and it is necessary to dissociate the hybrid to remove
the non-target signal. Therefore, the temperature for measuring the target signal is
determined to dissociate the hybrid. According to a preferred embodiment, the

15  temperature is further determined in consideration of hybrid’s T, value.

According to a preferred embodiment, the extended duplex may be detected at
temperatures that the hybrid is partially dissociated.

The predetermined temperature is higher than the hybrid’s T, value minus
10°C, preferably, higher than the hybrid’s T, value minus 5°C, more preferably, higher

20 than the hybrid's T, value and still more preferably, higher than the hybrid’s T, value
plus 5°C.

According to a preferred embodiment, the target signal provided by the

extended duplex is given during the extension of the step (d); wherein a hybrid

between an uncleaved PTO and the CTO does not provides a non-target signal, as
25  represented in Figs. 2-4 and 9-11.
According to a preferred embodiment, the target signal provided by the
extended duplex is given by the hybridization of the fragment and the CTO in the step
(c) and the formation of the extended duplex maintains the target signal in the step

(d); wherein a hybrid between an uncleaved PTO and the CTO provides a non-target
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I n an enbodi nent of a single |abel system the fragnent has a single |abel
and the hybridization of the fragnent and the CTOin the step (c) induces
change ofw@ 2812¢H¥ei23f rom the interactive dual | abel to gPCEKR1ZMWOPEL
signal and the extended 60 duplex maintains the target signal. The

enbodi mrent of the single | abel systemis illustrated in Fig. 12.

In this enbodi nent, the hybrid between the uncleaved PTO and the CTO

provi des non-target signal; wherein the tenperature for neasuring the
target siggghalj Wheet gienpragéterhinbd ¢ampérdairatd Rghe thaRahd yBad's q, Glaldehe
hybri d. The single |abel used herein has to be capable of providing a
di fferent a3 oppedsentedém#igag5-8randti2-18.esence on doubl e strand or single
strand. The single |abel includes a fluorescent |abel, a |um nescent |abel,
a chemi | uni nes thebbybrida hetwegn ¢he ainclsavechPERl anda 60 prigvidas mendardebibel .

or of or abl STAGPAY B DS B LT GPESTG 7 Elstarnis Kb VR Guiemate hF fon
L cachi rigs. TSR APERTBce PhpeBie sd ek PRG B dulle ddbmhBRe

Pref er abl ygisddeRtsStHady®rifi] uor escent | abel includes JOE, FAM TAMRA, ROX and
fluorescei n-based | abel. 15The | abel ed nucl eotide residue is preferably
positioned internal nucleotide residue within the oligonucl eotide rather
than at the 5 -end or the 3'-end. The single fluorescent |abel useful
in the present Thelabetingsystenys beefid drs this ingentiont will befdesaibed as doldascri pti ons
for reporter and quencher nol ecul es as indicated above. In particular,
where the present invention on a solid phase is performed using a 20

singlelabh [t can i l,ize a general, fluorescent | abel and does not
requir® a &t’ﬂ '@%ﬁ%ﬂ&%ﬁﬁ?"&i{}@"@gﬁﬁﬁ? providing a fl uorescent
signal wth_4N I LLj es depending on its presence on double
strand or Qi ﬁ’giitggﬁgvr#d&aaqﬁb“ When the CTO i mobilized onto a solid

substrate is ugecthn @hfddrmnt! 608h SintePadive DHGI | 1BbelO8ystatsY it icrd a8l &n (e. 9.
al kal i ne phosphat ase, peroxi dase, 8-gal actosi dase 25and 8-gl uocosi dase)
may be useidteractive dual dalpsl efopmprizithge abepbrtenimolédute laat ed uencheedmblectilbe
fragnent and/or the CTO are positioned to the extent that when a hybrid
bet ween anwhereindthe extepsion of the fregrerdin ther ssepréd) indures iehandedofdosignal fomyi ve a

non-t a{59 etthseil ?earéctiivg éug? Igge?pto(gizé tfavlg target signal. The first embodiment of the
interactive dual label system is illustrated in Fig. 2. The target signal is given with
extension-synchronized signal generation.
According to a preferred embodiment, the reporter molecule and the quencher
molecule may be located at the templating portion of the CTO.
20 According to a preferred embodiment, one of the reporter molecule and the
quencher molecule on the CTO is located at its 5™-end or at 1-5 nucleotides apart from

its 5-end and the other is located to quench and unquench the signal from the

reporter molecule depending on conformation of CTO

In an embodiment of an interactive dual label system, the CTO has an

25 interactive dual label comprising a reporter molecule and a quencher molecule;

wherein the hybridization of the fragment and the CTO in the step (c) induces change

of a signal from the interactive dual label to give the target signal and the extended
duplex maintains the target signal.

According to the preferred embodiment, the reporter molecule and the
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61 WD 2012/ 096523PCT/ KR2012/ 000287 represented in Figs. 2-3 and 9.
Alternatively, the | abels nay be positioned to the extent that when a

hybri d bev@eer/®ss2dncl eaved PTO and the CTO is fornmed, PREKR2IZVWO2$7ves a
non-target signal in the step (d); wherein the Tmval ue of the extended
dupl ex is higher than that 5of the hybrid between the uncleaved PTO and the
CTO as represented in Figs. 6-8 and 12. (ii) Label incorporated into the

extended dupl ex _ In particular, where the present invention is
carried ougudnehér méletfle FAGIR |6&GtEDatliPataptiiiRg pbHBAGF EHECTONI s | abel system
beconmes nore useful to provide the target signal as illustrated in Figs. 10
and 11. Acandidgng the preferretieembatimebiy dbneethie, repbetert aralpeulesamphdthe i s

provided by a single |abel incorporated into the extended dupl ex during the
ext ensi on duenchergnolecite peithe €HR is lncaiep ot s 8dend ergatd -5 apdeotides apak&®m o a

ot onsi on 51 SFHE PRAGAE RIS & Esteddp el AT UeaRSh dbe Sa SoghARe om
the singl i t ignal cin the step (d). Accor di
o a prof cePRREumbBai et & BFirdl88 or P01 por i ed duting the ext ensi on
reaction has arf itpﬁterﬂﬁébﬁrﬂéﬁyrtﬁé r%ﬁ?i @étg:ieérhd‘echg@clféi%%cﬁ p&@%@ﬁghgem@vi ng a

second non-natural base with’'a specl ndi ng nity to I rst
non- nat ur aprobideenorZBigeti didriag tvitedreifl thétdnhsbratlide fof hteaBi CokiteRehsighdlgs t he

second non-natural base is
determined with consideration of the Tm value of the hybrid.
In an embodiment of an interactive dual label system, the fragment has an

10 interactive dual label comprising a reporter molecule and a quencher molecule;
wherein the hybridization of the fragment and the CTO in the step (¢) induces change
of a signal from the interactive dual label to give the target signal and the extended
duplex maintains the target signal. The first embodiment of the interactive dual label
system is illustrated in Fig. 6.

15 According to the preferred embodiment, one of the reporter molecule and the
quencher molecule on the fragment is located at its 5-end or at 1-5 nucleotides apart
from the 5-end of the fragment and the other is located to quench the signal from
the reporter molecule depending on conformation of the fragment.

In this embodiment, the hybrid between the uncleaved PTO and the CTO

20  provides non-target signal; wherein the temperature for measuring the target signal is
determined with consideration of the Tm value of the hybrid.

In an embodiment of the interactive label system, wherein the fragment has

one of an interactive dual label comprising a reporter molecule and a quencher

molecule and the CTO has the other of the interactive dual label; wherein the

25  hybridization of the fragment and the CTO in the step (c) induces change of a signal
from the interactive dual label to give the target signal and the extended duplex
maintains the target signal. The embodiment of the interactive dual label system is
illustrated in Figs. 8.

The reporter molecule and the quencher molecule may be located at any site of
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preferably | ocated at any site on the tenplating portion of the CTQO
Where the | abel incorporated into the extended dupl ex during the extension
reacti on we 2emploeseed, the | abel is not incorporated intecrhapmooz7bet ween
t he uncl eaved PTO and the CTO because the hybrid is not extended.
Therefore, the 25hybrid does not provide a non-target signal. (iii) Label
i ncorporated into the extended duplex and | abel |inked to the fragnment or
the CTO The present invention nmay enploy a | abeling system using
cooper at i X t he
ext onsi on vsany a8 BeR! ald SR SEonb RSk S BLRERORE KH S TRUEE ' e
illustrat eqhgnahéa gﬁtheéh@nchéi molecule. According to a preferred enbodi nent,
the target signal is provided by a |abel incorporated into the extended
dupl ex duri ng #Aherding ¢osheembediment thanebostel aimddcule orkihd quencher tnhaeduleagnent
and/ or the CTO__wherein the | abel |ncorporated is linked to a nucl eotide
|ncorporat@utrGLRT%@agrh@‘té&loé@@ﬂoﬁfef%%Yl|36F’F5 Sapid-ei n the two Iabel s are an
|nteract| ve du orter, nol ecul e nd a qtlﬁencher ke

of a

P A t%?het erabediment the repeyis malesle o the fighcher ¢
si gnal frogﬂ {r{%eddlfsq&% fngB‘I& étqpseé (ftng gl ve the tar get_ si gnal . _10Nbre
u

pref erably, nucleo i ncor’porate ring the extension reaction has a

first non- natuwltmbaéﬁbémﬂeﬁﬁﬁQhéSTrQbhaSbe%weewItﬁ@turféréawlpmg 8nd GROTHO
non-natural base with a specific binding affinity to the first non-natural.

Pr ef er abl yprotides hart-geyetSignab lwigrsie the tentgeratatecfior (rasuringatheitgrigat sigmaims t he
interactive dual label in the step (d). 15Were the | abel incorporated into
t he ext endésiemhip¢dwitdgongideration afsthe s wive efdbe hgbrid.s enpl oyed, the | abel is
not incorporated into the hybrid between the uncleaved PTO and the CTO
becaus¥ the hybrid is not extended. Therefore, the hybrid does not provide

a non-targ S (iv) Intercalating | abel The present invention
may enpl oy(e $ﬂ?§?'@5ﬂegt| ng | abel for providing the target si gnal

indi cative of g, @Fr% t%f‘ als ﬂfﬁ;l@?&h@l’kﬂ@@nﬂ‘éﬂé @fo ea én@%@%éﬁd te | abel

is nore useful on a so p ase act | usi'ng |nnD because
doubl e- st rém@}%ibnnéfc’dh@lf@gﬁfehd inTEHeestep €4) PHeGe thahde aam%lgasn frof therkmight e

stonals. label to give the target signal. The embodiment of the single label system is illustrated
15 in Fig. 3. The target signal is given with extension-synchronized signal generation.
According to the embodiment, the templating portion of the CTO is labeled with
the single label.
In an embodiment of a single label system, the CTO has a single label and the
hybridization of the fragment and the CTO in the step (¢) induces change of a signal
20 from the interactive dual label to give the target signal and the extended duplex
maintains the target signal.
According to the embodiment, the capturing portion of the CTO is labeled with

the single label.

In this embodiment, the hybrid between the uncleaved PTO and the CTO

25  provides non-target signal; wherein the temperature for measuring the target signal is
determined with consideration of the Tm value of the hybrid.

In an embodiment of a single label system, the fragment has a single label and

the hybridization of the fragment and the CTO in the step (c) induces change of a

signal from the interactive dual label to give the target signal and the extended
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25 The exenplified enbodinent is described with reference to Fig. 13. The
PTO hybridized with the target nucleic acid sequence is digested to rel ease
t he fragrie0t2012[u96528r agment is hybridi zed with the CTO TPRE/KBOBNWIISA | S
carried out in the presence of an intercal ating dye (e.g., SYBRTm G een)
and forns the extended duplex with intercalating dyes. WO

2012/ 096523PCT/ KR2012/ 000287 In Fig. 13, the hybrid between the

uncl eaved PTO and the CTO provides non-target signal (Cand Din Fig. 13)
and it is d@gitesamintaihe the Ia@et sighall Mheharhbodimbnt bE B singleclabelnsylstany g4
signal. Therefore, the tenperature for neasuring the target signal is
det er mi nedilvittatecciorfsg.diex at i on of the Tm val ue of the hybrid. 5Preferably,

the target signal given in the step is a signal fromthe intercal ated
dye. Accéh d'hﬁge'f‘BOQimBWeft@Fr@@”én%@f&?ﬁ%ﬁf‘e yneleapadO PIRgARY the G i

or of er red RIAHOE REHEOct Rororaein s FesoRat coter mesee e e ok S8R rer or
an upstJ eagaRiahE w th consi ndéfi}g ?ao@e{ ﬁ‘ffﬁé_P%g rgnbodi ment, the upstream

ol i gonucl eo |de T '0cate Jacen 'S the extent that the
upstream ol i gonucl eoti de i nduces cl eavage of the PTO by the enzyne having
the 5 nuclease activity. 15According to a preferred enbodi nent, the

upst r eam pri neiThée shgteekbeélhuseddglereih hasxtb ebedeapabler efnplotidingcd diffesant sifnat he PTO
by the enzyme having the 5 nuclease activity According to a

pr ef e[) red espendingeon itst PF@SWEh@fﬁ doubbhetrar@bnprsbm strapdat They strige éﬁbl@bs
(28?6\;:5:03 di n'@d’tjée% pﬂ%é'@%?eé'ﬁ '@li’véﬁ)dﬁ ﬂ‘g‘?’%‘gslé%ﬁg'&%é g %%“n'(uﬂ)' %’E%ﬁ ? %P 'ygéneair e
rccor dlthg $EbhfRial fbst &hBoa: few "aﬁﬁpa’f’néf%%efat%per PRE Prsuder e a

e 0 AP B B L AN WM,
conpri ses @ed in this invention are disclosed U.S. Pat. Nos. 7,537,886 and 7,348,141, the
teachings of which are incorporated herein by reference in their entity. Preferably, the
single fluorescent label includes JOE, FAM, TAMRA, ROX and fluorescein-based label.
15 The labeled nucleotide residue is preferably positioned internal nucleotide residue
within the oligonucleotide rather than at the 5"-end or the 3'-end.
The single fluorescent label useful in the present invention may be described
with reference to descriptions for reporter and quencher molecules as indicated above.
In particular, where the present invention on a solid phase is performed using a
20  single label, it can utilize a general fluorescent label and does not require a specific
fluorescent label capable of providing a fluorescent signal with different intensities
depending on its presence on double strand or single strand.

When the CTO immobilized onto a solid substrate is used, chemical labels (e.g.

biotin) or enzymatic labels (e.g. alkaline phosphatase, peroxidase, B-galactosidase

25  and B-gluocosidase) may be used.

In a preferred embodiment, the labels linked to the fragment and/or the CTO
are positioned to the extent that when a hybrid between an uncleaved PTO and the

CTO is formed, the hybrid does not give a non-target signal in the step (d), as
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25 |l east two types of the PTOs, and the CTO conprises at | east one type of
the CTGs; wherein when at | east two types of the target nucleic acid
sequenceswane12ivexrént, the nethod provides at | east twoPCFFR0BH000282 t ar get
signals corresponding to the at |east tw types of the target nucleic acid
sequences. According to a preferred enbodi nent, the upstream
oligonucleotide is an upstreampriner and the step (b) uses a

t enpl at e- dependent nucl eic acid polynmerase for the extension of the
upst r eam piepireeénted in Figs. 28@nd9i ng to a preferred enbodiment, the CTOis

i rmobi i zed through its 5 - end or 3'-end onto a solid substrate and the
target signal Alternatively, dhe tidhelssmiy deSpeditinnedtte the extentuhatdwhen a hylyrisbr di ng

to a preferred enbodi nent, the target _signal is provjded by a single |abel
li nked to hefween agrsieaved BYOand Hie CHDAF formesh ;Sg? Ayedd igived & Rendargehded

dupl ex during,t extension reaction, According . to a. pr rred
erbod mentSTBhI eatR RO a0 valveof she peendE RN pidhsl B ot

pri mer.s  of thilHnA@REkAN R uidived Ro(dnd HRYCRS a8 FebREEREY i Fs! 63 - L1 M
manner,” an endpolr nt manner, or a predetermned tine rnterval manner. Were
t he presergndifvention further conprises repeating the steps (a)-(b),
(a)-(d) or (a)-(e), it is preferred that the signal detection is perforned
for each cycle of the repetition at a predeterm ned 15 tenperature (i.e.
real -time manner), at the end of the repetition at a predeterm ned

t enper at ur(@)(Liabel incegpousited intothe extended duplex of predeternined tine
intervals during the re redet erm ned t enper . Preferably,

tition at a. a]t re
the et ect  on IRGoBEIFeRSITE st dBYPIEQR = Ced R Fepeptdt iieions
Ui o : g Con. 20
Ve 1 5 T PRED o CROCHR B SRR e RE A ST, WG ME T,
there is pfignal Qﬁﬂufcréﬂe& ir{elﬁgs-qua%gtlit}ng a target nucleic acid sequence froma

DNA or a mXture of nuc acids by a PTOCE (PTO O eavage and Extension)
assay, conpri saf@rdingtd @)préferred ehibodimedit) thertdejee sighdlieis peovidddshyng single

hybri di zi ng nucl eoti de sequence conplenentary to the target nucleic acid
sequence; label incorporated into the extended duplex during the extension reaction; wherein
the incorporated single label is linked to a nucleotide incorporated during the
15 extension reaction; wherein the extension of the fragment in the step (d) induces
change of a signal from the single label to give the target signal in the step (d).
According to a preferred embodiment, the nucleotide incorporated during the
extension reaction has a first non-natural base and the CTO has a nucleotide having a
second non-natural base with a specific binding affinity to the first non-natural base,
20 as illustrated in Fig. 11. The nucleotide having the second non-natural base is
preferably located at any site on the templating portion of the CTO.
Where the label incorporated into the extended duplex during the extension

reaction is employed, the label is not incorporated into the hybrid between the

uncleaved PTO and the CTO because the hybrid is not extended. Therefore, the

25  hybrid does not provide a non-target signal.

(iii) Label incorporated into the extended duplex and label linked to the
fragment or the CTO

The present invention may employ a labeling system using cooperation of a
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(b) a PTO (Probing and Taggi ng A igonucl eotide) conprising (i) a
3'-targeting portion conprising a hybridizing nucl eotide sequence

conpl emrerWvary1/096i2pe target nuclei c acid sequence and ( PCYI/KR2812/a082$FGi ng
portion conprising a nucleotide 65 sequence non-conplenmentary to the
target nucleic acid sequence, wherein the 3'- targeting portion is
hybri di zed with the target nucleic acid sequence and the 5 - tagging
portion is not hybridized with the target nucleic acid sequence; the

upst r eam olab@an¢ttpsratdddeto thelexemded dupiek idaany tle &iendtireattis enda tidi!
upstream 5 oligonucleotide or its extended strand induces cl eavage of the

PTO by an lokey e thesfragngers abhitl/andice €86 pasailtstrated/insftigsh 4tamalt5. t he cl eavage
rel eases a fragpnent conprising the 5 -tag%l_'%% portion or art of the
5' -taggi ng por Aceniding tmaepnemedamquimeat rgatpslgmalm‘gpmv efidivpp dabehg

por {1 on coRpPet ﬁ@o B teieothrcd Qusley e s pemen argreti 8NP e oo
POr {101y 01 Ak et - ROBHOS A1 e ol BBTRARY ket o -

tenpl atl ng porti conpr|S|ng a nucleotide sequence non-co Ienentary to
the 5'-tagQudubtie indofsbrated duRf Og $he bREASSH PehchOs: tWH&emfthEQﬁoREt%Is yhesei n the

fragnment rel eased fromthe PTOis hybridized with the capturing portion of

the CTO ainteradtive khial Rbokeot a mypurtedi meldcué tahd tahquarrhéumoltgulpp Whefdin dfe t he
CTO i s extended by a tenpl at e-dependent nucleic acid polynmerase to form an
ext ended dextersion of the feigmest tinethki stepf(d) Hndudesabangeof i s signak froocthkel t o
performthe detection nethod of the present invention described above, the
common desBiargtive dyaljehelde aive fetiasge si8hi tted in order to avoid undue

oIuROCY,  eaMone plsferally. FRTRRSHAY tbrroriede RBRFY b Sireliion reactiafife o £°
i ease. a5 i AP Sk AR Hot'd FLEHRETHTRG' slbhich AT

conprises a te
base with a specnflc binding affinity to the first non-natural.

Preferably, the target signal given in the step (e) is a signal from the interactive

dual label in the step (d).
15 Where the label incorporated into the extended duplex during the extension
reaction is employed, the label is not incorporated into the hybrid between the
uncleaved PTO and the CTO because the hybrid is not extended. Therefore, the

hybrid does not provide a non-target signal.

20 (iv) Intercalating label
The present invention may employ an intercalating label for providing the
target signal indicative of the presence of the extended duplex. The intercalating label
is more useful on a solid phase reaction using immobilized CTOs because double-

stranded nucleic acid molecules present in samples can generate signals.

25 The exemplified embodiment is described with reference to Fig. 13. The PTO
hybridized with the target nucleic acid sequence is digested to release the fragment.
The fragment is hybridized with the CTO. The extension is carried out in the presence
of an intercalating dye (e.g., SYBR™ Green) and forms the extended duplex with

intercalating dyes.
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25dependent nucl eic acid pol ynerase. According to a preferred enbodi nent,
the PTO and/or the CTO has at |east one | abel. According to a

pref erredverbdivadt, the kit further conprises a | abel PCH/KR2012008For at ed
into the extended dupl ex during the extension reaction. 66 WO

2012/ 096523PCT/ KR2012/ 000287 According to a preferred enbodi nent, the
kit further conprises a |abel to be incorporated into the extended dupl ex
during the extension reaction and the PTO and/or the CTO has at |east one

| abel . Accor di ng Fg 13, Hechridetsbt@edro thagindleave TR dnd thet CTRY peosvidesiras an
I ntercal ati ng 5l abel . According to a preferred enbodi nent, the | abel

i s a singl @rgetbsignabr(Ci arntdePaint Fige 1duahd linlirehecessary toAdissocidtenthe bykridotef err ed
enbodi ment, the kit is used for detection of at |east two types of nucleic
aci d sequefefiye thpdaoppgarget sianal. iThsralierce g RMRSAPFe fyrsmgasuriag dhe targeho

t f oli nucl eot.i d t he. PTO. ' t | t f the PTO
and the CIPEAREEINST Hith cORsaighryabe 3 vale 568 MOMS, ' ACC Ging o a

f d enbogj S L h. i 3' -end
onto & Sol 10 o BRePa, HE terbe sdnd R, h R SbOIATs b gnal, BB e * (T
kit furthemGeifedegs. @ downstream 15pri ner.

According to a preferred embodiment, the PTO and/or CTO is blocked at its 3'-
end to prohibit its extension.

10 According to a preferred embodiment, the upstream oligonucleotide is an
upstream primer or an upstream probe.

According to a preferred embodiment, the upstream oligonucleotide is located
adjacently to the PTO to the extent that the upstream oligonucleotide induces
cleavage of the PTO by the enzyme having the 5’ nuclease activity.

15 According to a preferred embodiment, the upstream primer induces through its
extended strand the cleavage of the PTO by the enzyme having the 5’ nuclease
activity.

According to a preferred embodiment, the method further comprises repeating
the steps (a)-(b), (a)-(d) or (a)-(e) with denaturation between repeating cycles.

20 According to a preferred embodiment, the steps (a)-(b) and (c)-(e) are
performed in a reaction vessel or in separate reaction vessels.

According to a preferred embodiment, the method is performed to detect at
least two types of target nucleic acid sequences; wherein the upstream

oligonucleotide comprises at least two types of oligonucleotides, the PTO comprises at

25 least two types of the PTOs, and the CTO comprises at least one type of the CTOs;
wherein when at least two types of the target nucleic acid sequences are present, the
method provides at least two types of the target signals corresponding to the at least
two types of the target nucleic acid sequences.

According to a preferred embodiment, the upstream oligonucleotide is an
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Al'l of the present kits descri bed herei nabove may optionally include the
reagents required for performng target anplification PCR reactions (e.g.,
PCR reactwWone)2/®ael as buffers, DNA pol ynerase cof act or 8CTAER2012/000287
deoxyri bonucl eoti de-5- triphosphates. Optionally, the kits may al so incl ude
vari ous pol ynucl eotide nol ecul es, 20 reverse transcriptase, various
buffers and reagents, and anti bodies that inhibit DNA polynerase activity.
The kits may al so i nclude reagents necessary for perform ng positive and
negati ve copstiean primetandnthe stapt (b)yakesacamplsteadepend@t musleicachiepalgaerase a
given reaction can be readily determned by the skilled artisan having the
benef it of for e edemsiont ofthe cipstseare primiee kits, typically, are adopted to
contain the constituents 25afore-described in separate_ packa

conpar t nent s. ACCOTH'Bgft@aﬁ efeé%rr%amaad/meﬂhgtég OO ishimmobilzedith am be
sunmmari zed_a f The sent tio i des

tar got depfe'?fggﬁ s e sl sBsFRfAn e RescRb B p e ghe goic
C]igon ed V\nthatarget nucleic acid WO

2012/0 %@&%ﬁ%ﬁg% l818%287 sequence is cleaved to rel ease a fragnent and
the fr agment i %c&bf@ih? db zeteRiried drTlddirhet! t-He' enfhnkPRIPravilédby a single

A igonucleotide) to forman extended dupf e ext ended dupl ex provides a
si gnal (silgbelllinged és tie foagnoent ex thyrey sing Hlaftrechir)cocpora?ced irgoahe ektended deplexal

i ncrease or decrease) indicating the presence of a target nucleic acid
5sequence. during the exigpsiphgeastioR.ence of the extended duplex is deternined by

a variety of nethods or proces ch as nmel t curve a si s and
et act| on at aPGAEHES Lo ANIE EORPBRUNTRTE (PR MEthar IscaerTor b My R AEFoeRiR

end- po (c) The present invention allows to
Si rrult neo([)tj';saa[]!:"l(%dqsttre(a,in pr east two types of 10 target nucleic acid

sequences by mrhé B YEHRD &) ) 50 peifbrfiieain © gk diné WRned aft dnabel
(e.g. FAM. In contrast, e conventional nultiplex real-time fethod
perforned pdintambhseti 6k @Ipe@etermlrfeartimelsityrvaurhbmﬁemwhfefeoml prasdn@iinvention
associ ated with the nunber of detectable fluorescence |abels. The present

i nvent i on foethai temprises uepeating the ystepsefag-ge (8)16hH @rh(a)t(e))rit hgyeﬁ&nd:dvxﬁhdbn t he
application of multiplex real-time 15detection. The present

i nventi on 8rfignal Eéﬁeﬁtdﬁ%opeﬂf@ffﬁ@d forrRach joyglaof she F%?@F'P’h@t §ﬁ?@¥%" mipgs

I
abel's i nc RHRRRAYEL ENAR-bR: RAN RAECLlRh BX oPUElhe R BRI BufiRRCt | on

can be use rese i nvention Ition

conbi nat i OfheOfepEtitidh |a@tbe§)$ed@€eﬁmh%duﬁéﬁ‘i’per§fhﬁe VIREfeRdHl, Sthe aabitd magtIsdTs
applicable to the present invention allow us to choose a proper | abeling

syst em deppsftirmgd dor eapre rcydte ndf athe crepdiitidnoims aoreabtime chanress . to improve (& The
present invention provides a target-dependent extended dupl ex which has a
pr e- det er ntletedionmacoupaeantiguastifieitionby (i) a sequence and/or length of the
25fragnment, (ii) a sequence and/or length of the CTO or (iii) the sequence
and/ or24 engt h

IV. Kits for Target Detection
In further aspect of this invention, there is provided a kit for detecting a target
nucleic acid sequence from a DNA or a mixture of nucleic acids by a PTOCE (PTO

Cleavage and Extension) assay, comprising:

25 (a) an upstream oligonucleotide comprising a hybridizing nucleotide sequence
complementary to the target nucleic acid sequence;
(b) a PTO (Probing and Tagging Oligonucleotide) comprising (i) a 3'-targeting
portion comprising a hybridizing nucleotide sequence complementary to the target

nucleic acid sequence and (ii) a 5'-tagging portion comprising a nucleotide
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of the fragnment and the sequence and/or |length of the CTQO (1)
Conventional nelting curve analysis using an anplified product depends on
t he sequewoao096328 anplified product such that it is dPCTIKRE12/608286bt ai n a
desired Tmvalue of anplified product. In contrast, the present invention
depends on the sequence of an extended dupl ex not the sequence of an
anplified product, permtting to select a desired Tm val ue of extended
dupl ex. Therefore, the present invention is easily adoptable for the
detecti on of s@dilehtd®hén-cempRinehtfiy €6 BRStardedInudleRVARTH iRjidhce)™Hetdig tigaIBV e
anal ysis using a direct hybridization between 5 |abel ed probes and target
nucl ei ¢ aci dtagefirgnpersion s Wgbridizedkwitly the targetenadlec faaldssqpersiet andeths Ghal s
due to non-specific hybridization of probes. In contrast, the present

i nventi on enfRa9g REEodNisy netThybridizedd witht then tasaet avdeicezrid deavencel dagage

d extensi whi ch. TES. | et el | f fal iti
lgnal s. " (hy ChsHaRat QRSCERRS st PERed “Reedt ot ciF $aCa RS 3PS TR e by
ext onden dupP oo RE ROt B ehBRaddails USCeS dooBdd bR BIUARE 67 o YAHE - "

regardl ess Oha\ﬂnée&‘l?”ﬁﬁcléf%@ akthvity 9fic Rfatt %ﬁiﬂeéled%lﬁé Slefeadéd G TRIPHRAEES,

permtting to ensure excellent acCuracy I1n nelting Curve analysis. (i) It

i s not ewort hyorhprding tree S'egyging oftiont brea partt 6o riF-tauying portioh dPthe #T0; t he 15
sequence of CTO can be selected with no consideration of target nucleic

aci d sequencesd This nmakes it possible to pre-design a pool of sequences
for the 5 - tagging portion of PTO and CTO. Although the 3'-targetin
portion of tf@ m@gﬂa@apwnaa ahde[Rmriating OHowisieptds)i ¢riNRrigingein %%clt‘éi aci d
sequences, the O .can b repared in a.ready- fashion with no

cons: At at | ofTEEOR DA sattus PR sbpdeng A icEplife s TN clbbaifior

features proy g ?ftggaigggbrt%ﬂ"&rﬁ B%ﬁg ittl'?em% afgpﬂz;j)(?ﬁ—gé{?ﬁﬁ tr@wéh‘ggi@; nt er

alia, on a mcroarra ay using 0 a soll rate.
The present tdhyRatirnig?Portivh | conprising #AEEEstRRAsdqlehds hbietorfiSiemehtaby t&tReP! es.
It wolild he ohvious to those skilled in the art that these exanples are

i ntended t o betagdfingrporiimnandthe ¥-tatdeting mpattioneofathd RTICe wloaweia thé ftagmenpt esent
invention as set forth in the appended clainms is not limted to or by the
exanpl es. Exrglgasesfrom the PTO is hybridized with the capturing portion of the CTO; and the

15 fragment hybridized with the capturing portion of the CTO is extended by a

template-dependent nucleic acid polymerase to form an extended duplex.

Since the kit of this invention is constructed to perform the detection method of
the present invention described above, the common descriptions between them are
20 omitted in order to avoid undue redundancy leading to the complexity of this
specification.
According to a preferred embodiment, the kit further comprises an enzyme
having a 5’ nuclease activity.

According to a preferred embodiment, the kit further comprises a template-

25  dependent nucleic acid polymerase.
According to a preferred embodiment, the PTO and/or the CTO has at least one
label.
According to a preferred embodiment, the kit further comprises a label to be

incorporated into the extended duplex during the extension reaction.
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EXAMPLE 1: Eval uation of Probing and Taggi ng A igonucl eoti de Cl eavage &

Ext ensi on (PTOCE) assay A New assay, Probing and Taggi ng

A i gonuclwonRidIct2déavage & Extension 5 (PTOCE) assay, WRSTARWLA6287wWhet her
an extended duplex can provide a target signal for the detection of a
target nucl eic acid sequence. For this evaluation, PTOCE assay
detecting the presence of an extended duplex by nelting anal ysis was
performed (PTOCE assay conprising nelting analysis). W used Taq DNA

pol ymer ase haviageording' tord/pef@sel agbbdlitient,ftoe Kithfurtwet eompasescd ldbebto bam
10prinmer, the cleavage of PTO and the extension of PTO fragnent.

The ext endindorporated irftortive cextinded guphex dgriray theaexteesiony meattivo dngvtheaRro
interactive dual label. The interactive dual |abel in the extended dupl ex
was provi daed/pytheiGTQbas @tdeaséenwlatml .a reporter nolecule and a quencher

| | dual - | abel PTO, hav h nd 00
naving & repor ASTOTBAAR HETESed SRRy D A B S ARgs 27 Miercaleting

report:eg-lg gll ed (TD) . PTO and CTO are bl ocked with a carbon spacer at
their ends. The synthetic oligonucleotide for Nei ssena gonorrhoeae (NG

gene was used %c&dh@rtgeé CL?_Fe’?éFFanérﬁboément '?W@%eﬂ%sé‘)émgﬁz' IBBeIaorﬁg@slgaclti@@a ed

CTO 20PTO has no | abél O has a quencher nol ecul e

f | uor escentjual ¢gbet.t er mol ecul e (FAM inits tenplating portion. The
sequences of synthetic tenpl at upstream prinmer, PTO and CTO used in this
Exanpl e are: N®cgorging tos mﬁer it G asECoxTisiqubion Tf @t least
[1111 GTTCTTGCTCGECAGAGCCGAGTGATA CCGATCCALTGAAAAA-3" (SEQ ID NGO 1) NG R
5' - CAATGGASCRYPRT CARYERIcagd Seaiences meupzsremodﬁ@%leoﬂde comprises at’least

NG CTO. 5% B B IR eLeer BT CBRUR ) e SHRATPS TR oo
Spacer] -3 thEQZTO comprises at least two types of the CTO.

According to a preferred embodiment, the CTO is immobilized through its 5-
end or 3™-end onto a solid substrate.

According to a preferred embodiment, the kit further comprises a downstream

15  primer.

All of the present kits described hereinabove may optionally include the
reagents required for performing target amplification PCR reactions (e.g., PCR
reactions) such as buffers, DNA polymerase cofactors, and deoxyribonucleotide-5-
triphosphates. Optionally, the kits may also include various polynucleotide molecules,

20 reverse transcriptase, various buffers and reagents, and antibodies that inhibit DNA
polymerase activity. The kits may also include reagents necessary for performing
positive and negative control reactions. Optimal amounts of reagents to be used in a
given reaction can be readily determined by the skilled artisan having the benefit of

the current disclosure. The kits, typically, are adopted to contain the constituents

25  afore-described in separate packaging or compartments.

The features and advantages of this invention will be summarized as follows:
() The present invention provides a target-dependent extended duplex in

which PTO (Probing and Tagging Oligonucleotide) hybridized with a target nucleic acid
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(SEQ ID NO 4) (Underlined letters indicate the 5 -tagging portion of PTO
The reaction was conducted in the final volune of 20 pl containing 2 pnole
5 of syntWet20r/meitpl ate (SEQ ID NO 1) for NG gene, 10 POERGIR20B¥000383t r eam
primer (SEQID NGO 2), 5 pnmole of PTO (SEQ ID NGO 3), 2 pnole of CTO ( SEQ
ID NO 4) and 10 pl of 2X Master M x containing 2.5 nM MyCl2, 200 pM of
dNTPs and 1.6 units of H Taq DNA pol ynerase (Sol gent, Korea); the tube
containing the reaction mxture was placed in the real-tinme thernocycl er

(CFX96, Bi seqdafde ist dieavee a6 trelossend fiagientvahd tAd frdgmahtiisersybligized withi OT@t 95C
and subjected to 30 cycles of 30 sec at 95C, 60 sec at 60C. After the

reaction, (Gaptiring aondvEemglstimbt@ligopdcléntidepdioi figrnt hen rextandied nduplex.uiThe t o
35C, hol ding at for 35C for 30 sec, and heating slowy at 35C to 90C. The
fluor escene, enges derieup@yides @t slmﬁblﬁggs}alcﬂﬁnﬁwgonm qmn@@ﬁumntbw BsBInah

L e T o

correspsondéégﬂeﬁ& t he expected Tm val ue of the extended dupI ex was det ect ed
in the presence of the tenplate. No peak was detected in the absence of the

tenpl ate. - Si noqul hhehRisbALeODr | SaRRIPIDISN s R BY! a diavRn2 by

signal in this lTabeling nmethod, there was no peak 20 corresponding to the

hybri d of metHodeved pr’E@kﬁsdsdEfﬁOas Imelting ecubfe OIS and rieteClién any preak was
not observed. 1-2. PTOCE assay using a quencher-|abeled PTO and a
report er - | défeireidedCtRperature (e.g. a real-timg@dnner amdEedipoint maaneplencher nol ecul e

(BHQ 1), at its 5 -end. CTOis 25l abeled with a fl uorescent orter
mol ecul e (FAM) (&) The presentdRyention all OWS*iChém@&tamh@de&ct@ﬂﬁ%M%Rt%ﬁﬁr ate,

ggitz;g {?ﬁ?ﬂ%ﬁgg?aﬁ %%e%%%dmepng cu?ve anaﬂggseev%rr\ eusnng a smgqe typeV\q a
label (e.g. FAM). In contrast, the conventional multiplex real-time method performed
in a liquid phase is seriously suffering from limitation associated with the number of
detectable fluorescence labels. The present invention permits to successfully
overcome such shortcomings and widen the application of multiplex real-time

15  detection.

(d) The present invention can be performed using a multitude of labeling
systems. For example, the labels linked to any site of PTO and/or CTO can be utilized
for providing the target signal indicating the extended duplex. Also, labels
incorporated into the extended duplex during the extension reaction can be used in

20 the present invention. In addition to this, a combination of such labels can be used.
The versatile labeling systems applicable to the present invention allow us to choose a

proper labeling system depending on experimental conditions or objectives.

(e) The present invention provides a target-dependent extended duplex which

has a pre-determined T, value adjustable by (i) a sequence and/or length of the

25  fragment, (ii) a sequence and/or length of the CTO or (iii) the sequence and/or length
of the fragment and the sequence and/or length of the CTO.

(f) Conventional melting curve analysis using an amplified product depends on

the sequence of the amplified product such that it is difficult to obtain a desired Tm

value of amplified product. In contrast, the present invention depends on the
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AAATATGCGAAACACGCCAATGAGGGECCATGATCCTTTC. 1 i i i i GTTCTTGCTCGGCAGAGCGAGTGATA
CCGATCCATTGAAAAA-3' (SEQ ID NO 1) NG R 5' - CAATGGATCGGTATCACTCGC-3' (SEQ I D
NO 2) WO2NG/PTE32 5' - [ BHQ 1] ACGACGGECLI GGCTI TACT GCCCETTARRGEOUIST| TCH C3
spacer]-3" 5(SEQ ID NGO 5) NG CTO 2

5' - CCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGIT FAM -3' (SEQ I D NO 6)
(Underlined letters indicate the 5 -tagging portion of PTO The reaction
was conducted in the final volume of 20 pl containing 2 pnole 10 of

synthetic efph@ 6 dnSb&rdedNdplel)not Bie S¥quaRceof DaRpiFied PPodWRSrRRthgr | mer
(SEQID NO 2), 5 prmole of PTO (SEQ ID NO 5), 2 pnole of CTO (SEQ I D NO

6) and 10 f saddct 2Xdddired a1, Wlue cloettandedndues Tinktdity€] the p@SemNhedntidNTSs and
1.6 units of HTagq DNA pol ynmerase (Sol gent, Korea); the tube containing the
reacti on n¢asilypdoptakle fiordbe detestiomef muliple: target se@uyemses/cl er (CFX96, Bi o- Rad) ;
the reaction mxture was 15 denatured for 15 mn at C and ,subj ected to 30
Cycl s of 30 Sdd) SonuEondomeBES ngoRANsts USRS & ISk VARG BSIRER on

At Tor SsocepgptIRodd MERaoR (EORl' A AR Uy IR W deReri el
was mmeasur gbiandigiiosd Yo ﬂHﬁJsg&ngcR@yﬂrﬁefflﬁﬁéﬁbe?ol%&Sﬁm EShtPERE) thepresent

di ssoci ati on of doubl e-strande ting peak was derived fromthe

20nel ting puéntndainploys not only ABTG ybridizatin ®ul lsoa eppakatiet clédvdde and
corresponding to the expected Tm val ue of the extended dupl ex was detected

i n the preedensionfwhidhcovemepieatcomplsitely prabtemsofialsd positivnsigeals.ed PTO and CTO
does give a non-target signal in this |abeling corresponding to the
expect ed Tm val(bk Tmpvalyg of epnvegtignal meftingrairenoralysisTie affegted 1y @ FeAUCAS® of no

T oL, o el RufBb B E . powmiret EPERT bR R S21°
provides thelandrhtish SRdes AHEGhEPm WHuPFGSRINS oPh dehGenc variation on
the target nucleic acid sequences, permitting to ensure excellent accuracy in melting
curve analysis.
(i) It is noteworthy that the sequence of the 5-tagging portion of PTO and the
15 sequence of CTO can be selected with no consideration of target nucleic acid
sequences. This makes it possible to pre-design a pool of sequences for the 5'-
tagging portion of PTO and CTO. Although the 3’-targeting portion of the PTO has to
be prepared with considering target nucleic acid sequences, the CTO can be prepared
in a ready-made fashion with no consideration or knowledge of target nucleic acid
20  sequences. Such features provide prominent advantages in multiple target detection,

inter alia, on a microarray assay using CTOs immobilized onto a solid substrate.

The present invention will now be described in further detail by examples. It
ld_be ohvi to tt killed in tt I I | . led to |
25 more concretely illustrative and the scope of the present invention as set forth in the

appended claims is not limited to or by the examples.

EXAMPLES
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target nucleic acid sequence. EXAMPLE 2: Adjustability of Tm Val ue of an
ext ended dupl ex 5We further exam ned whether the Tnn val ue of an extended
dupl ex i swagpraveizBe by the sequence of CTO in PTOCE as®€¥/KR2012/00028For t he
exam nation, we used three types of CIGCs having different sequences at
their tenplating portions. PTO has no | abel. The three types of CIGCs have a
quencher nol ecule (BHQ 1) and a fluorescent reporter nolecule (FAM in
their 10tenplating portions. PTO and CTO are bl ocked with a carbon spacer

at their 3EXAMPLE 1: Evaluatidhdf Fiobing ﬁﬁ&nral@sﬁg OlRjonutiectithd ERiavage &

performed with each of the three types of The sequences of
synt heti c Exteisédre(PTOEE) assaypri ner, PTO and CTGs used 15in this Exanple
are: NG T 5 - AAATATGOGAAACACGOCAATGAGGGGCATGATGCTITCl 11 | |
GITCTTGCTCGGCAGAGCGAGTGATA CCGATCCALTGAAAAA-3' (SEQ ID NO 1) 20NG R

?, . ACGACOOCTI AT AR PSRBT Posty Cg0ug Lo lancgotdesEigarigad Bxgnsies cTo1
Lo Y M%@%ﬁ%ﬂaﬁﬁm&%@%m%ﬂ% idePE tidet 3
5" - [ BHQ 1] didrleh Fdrlthé HekelfiSn 6AMErdétitfMel L aiiE&eertd CTCGT C3 Spacer] - 3°
For this evaluation, PTOCE assay detecting the presence of an extended duplex
by melting analysis was performed (PTOCE assay comprising melting analysis). We
used Taq DNA polymerase having a 5’ nuclease activity for the extension of upstream
10  primer, the cleavage of PTO and the extension of PTO fragment.

The extended duplex formed during the assay was designed to have an
interactive dual label. The interactive dual label in the extended duplex was provided
by (i) CTO labeled with a reporter molecule and a quencher molecule (dual-labeled
CTO) or (ii) PTO having a quencher molecule and CTO having a reporter molecule (a

15 quencher-labeled PTO and a reporter-labeled CTO). PTO and CTO are blocked with a
carbon spacer at their 3-ends. The synthetic oligonucleotide for MNejsseria

gonorrhoeae (NG) gene was used as a target template.

1-1. PTOCE assay using a dual-labeled CTO

20 PTO has no label. CTO has a quencher molecule (BHQ-1) and a fluorescent
reporter molecule (FAM) in its templating portion. The sequences of synthetic

template, upstream primer, PTO and CTO used in this Example are:

NG-T  5-

25  AAATATGCGAAACACGCCAATGAGGGGCATGATGCTTTCTTTTITGTTCTTGCTCGGCAGAGCGAGTGATA
CCGATCCATTGAAAAA-3" (SEQID NO: 1)
NG-R  5-CAATGGATCGGTATCACTCGC-3" (SEQID NO: 2)

NG-PTO-1  5-ACGACGGCTTGGCTGCCCCTCATTGGCGTGTTTCG[C3 spacer]-3" (SEQ ID NO: 3)

NG-CTO-1  5-[BHQ-1]JCCTCCTCCTCCTCCTCCTCC[T(FAM)ICCAGTAAAGCCAAGCCGTCGT[C3 Spacer]-3’
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25(SEQ ID NO 8) NG CTO-4 5 BHQ 1] iili

11111111111111AF T( FAM ] AAAGCCAAGCCGTCGI[ C3 Spacer] -3' (SEQ ID NO 9)
(Under | i n¥0 20e¥®96528 i ndicate the 5 -taggi ng portion of PTDKR2012/000287 The
reacti on was conducted in the final volume of 20 pl containing 2 pnole of
synthetic tenplate (SEQ ID NO 1) for NG gene, 10 pnol e of upstream priner
(SEQID NGO 2), 5 prole of PTO (SEQ ID NO 7), 2 prmole of CTO (SEQ I D NGs:
4, 8, or 9), and 10 pl of 2X Master M x containing 2.5 mM MgCl12, 200 pM of
dNTPs and &e@ip fo:upits of H Taq DNA pol ynerase (Sol gent, Korea); the tube
containing the reaction mxture was placed in the real-tinme thernocycler
(CFX96, Bi nikaind lettdhandicata el SotaggmgXpbitioreof Weey denatured for 15 mn at 95C and
subj ected to 30 cycles of 30 sec at 95C, 60 sec at 60C. After the reaction,
mel ting curve was obtained by cooling the reaction mxture to 35C, hol ding

f f . ] : -
fl uo?resigﬁce°&a§%%§§qw339e£feardeE%e§$ SfipfhyphiTe of 2Rl ArEG Zamndle

( . as ! | . e o
The. ot ndl Skt SpRere 18R B 0! A RCAAE; 1Bl BERa B IsEe, oo
at 76.0C, ﬁ?N@.CZ?:,rs %oﬁé%fiﬁog(ﬁqﬁggb%ﬁﬂg 2PmdIoef E:'P@Eéﬁ?é% NERY) 2R8a i

corresponds to the expected the I5 extended dupl ex generated fromthe

exam ned GIQX Mastee dMix vartaidfigeZ.5 eaMiMgdl)y 200 bE ANTPs bhe 1iccomitsadfed- Tag
These results indicate that the Tmval ue of the extended duplex is
adj ust abl eDN4 pdipmerasgidRclgentf KOTE); 2be EMpd/RIORta®indDdhe ceadionomixiuieawgst

nucl ei ¢ aci d sequence usi ng PTOCE ass%corr%ri sing real -tinme detection or
nel ti ng anBlpgest i Ve reahting thsrmeryrier e BiorRad) P o readionympdiredwaect a

target nuclei id j |- tige P b, t. PCR
ol £ and e Rt i s 95 el SRSl ok ok B ColroBR o

f t AR age ot o
by POR pr o0 g ARG PReadott merinde.FRas bixahed By Saplhd SESEBTRY o7,

pr e- det er mongghct HERMIGLEI Rt 380 CREBOCHE) GnkiFEEERg Ay o6 I itsiguer r#Ré - L1 e

detection at a pre-determned tenperature) or; (ii)
fluorescence was measured continuously during the temperature rise to monitor
dissociation of double-stranded DNAs. Melting peak was derived from the melting
15  curve data.

As shown Figure 14, a peak at 76.5C corresponding to the expected Tm
value of the extended duplex was detected in the presence of the template. No peak
was detected in the absence of the template. Since the hybrid of uncleaved PTO and
CTO does not give any signal in this labeling method, there was no peak

20 corresponding to the hybrid of uncleaved PTO and CTO. In case of no PTO or no

CTO, any peak was not observed.

1-2. PTOCE assay using a quencher-labeled PTO and a reporter-labeled CTO

PTO is labeled with a quencher molecule (BHQ-1) at its 5-end. CTO is

25 labeled with a fluorescent reporter molecule (FAM) at its 3’-end.
The sequences of synthetic template, upstream primer, PTO and CTO used in

this Example are:

NG-T 5-
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Cl eavage of PTO and extension of PTO fragnent were acconpanied with the
anplification of a target nucleic acid by PCR process and the presence of
t he ext erNeQotb®ER: was detected by post-PCR nelting anRCYHRI[ZAVTBE assay
conprising nmelting analysis). 5Upstreampriner is involved in the PTO

cl eavage by an enzyne having a 5 nuclease activity and al so involved in
anplification of the target acid sequence with downstream prinmer by PCR
process. Taqg DNA pol ynerase having a 5 nuclease activity was used for the

ext ensi on piaTMBBEAREABCREANTRIGGBEETE BB TR AT RETTERfeccthRceserumge of PTO and
t he extension of PTO fragnment. 10The extended dupl ex was designed to have

an i nt er acticaecaduiErAArABE ] (SEQhNO:Nyer acti ve dual | abel in the extended
dupl ex was provided by (i) CTO |l abeled with a reporter nolecule and a
quencher né-8c l-GMTERATLGEIAHUEHERST - [$QIRIBIR) I ncor por at ed during extension

reaction and CTO having a reporter nolecule and an iso-dC residue or (iii)
PTO havi ngN&PHtignch&H %m&ﬂéﬁ@sﬁ%%% CEEYOTCES spastrEdul e.  PTO 15
and CTO ar Q%&&i%g with a carbon spacer at their 3 -ends. Genom c DNA of
Nei sseri a §5 ae (NG was used as a target nucleic acid. 3-1. PTCCE

assay Usingg @T&'b’als’ &é‘@@ﬂc@ﬁkc%%cr%@PM%c%ek@cﬁ%h[m 3CT f?edﬁo N@Qﬁ' ed }N' th

a quencher nol ecul e HQ 1) and a fluorescent reporter cul e

its tenpl a(unmnn@@lé&drgﬁu.cate the 5-tagginghertisesiwemces of upstream pri ner,
downstream priner, PTO and CTO used in this Exanple are: NGF

5' - TACGOCTGCTACLTTCACGCT- 3 (SEQ | D NG 10) NG R
5' - CAATGGATCGGTATCACTCGC-3' (SEQ I D NO 2)
5' - ACGACGGCTI Gadhedremionauestendrtied indhe 5@ébvqlums of (28a¢h copraiqing 2)pmole

10  of synthetic template (SEQ ID NO: 1) for NG gene, 10 pmole of upstream primer
(SEQ ID NO: 2), 5 pmole of PTO (SEQ ID NO: 5), 2 pmole of CTO (SEQ ID NO: 6) and
10 pl of 2X Master Mix containing 2.5 mM MgCl,, 200 pM of dNTPs and 1.6 units of H-
Tag DNA polymerase (Solgent, Korea); the tube containing the reaction mixture was
placed in the real-time thermocycler (CFX96, Bio-Rad); the reaction mixture was
15 denatured for 15 min at 95°C and subjected to 30 cycles of 30 sec at 95C, 60 sec at
60°C, 30 sec at 72°C. After the reaction, melting curve was obtained by cooling the
reaction mixture to 35C, holding at for 35T for 30 sec, and heating slowly at 35C to
90°C. The fluorescence was measured continuously during the temperature rise to
monitor dissociation of double-stranded DNAs. Melting peak was derived from the

20  melting curve data.
As shown Figure 15, a peak at 77.0C corresponding to the expected Tm
value of the extended duplex was detected in the presence of the template. Since
the hybrid of uncleaved PTO and CTO does give a non-target signal in this labeling

methad, there was a peak at 64.0°C~64.5C corresponding to the expected Tm value

25  of the hybrid of uncleaved PTO and CTO. In case of no PTO or no CTO, any peak was

not observed.

These results indicate that a target-dependent extended duplex is produced

and the extended duplex provides the target signal indicating the presence of the
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NG CTO- 1 5' -[ BHQ 1] CCTCCTCCTCCTCCTCCTCC T( FAM ] CCAGTAAAGCCAAGCCGTCGI| C3
Spacer] -3" 75 (SEQ ID NO 4) (Underlined letters indicate the 5 -tagging
porti on OVORTD)098523- 1. PTOCE assay conprising real-ti nmePA@EHR0120000287 a
pre-determ ned tenperature 5 The reaction was conducted in the final

vol ume of 20 pl containing 100 pg of genomic DNA of NG 10 pnol e of
downstream priner (SEQ ID NO 10), 10 pnole of upstreampriner (SEQ ID NO
2), 5 pnole of PTO (SEQID NO 7), 2 pnole of CTO (SEQ ID NO 4), and 10 pl
of 2X Mast gjrgd¥ nticleRicRi $genee. 5 "M Myd 2, 200 pM of dNTPs and 1.6 units of
H Taq DNA pol ynerase (Sol gent, Korea); the tube containing 10 the
reaction mxture was placed in the real-tine thernocycler (CFX96, Bio-Rad);
the reaction m xture was denatured for 15 mn at 95t and subjected to 60
cycl es of ENAMRLER2: Adjustddlityeef Tm Value afansextendedzluplext ect i on of the
signal was perfornmed at 60t of each cycle. The detection tenperature was
determ ned to the extent that the extended dupl ex maintains a

31.36) s det edBd e neeRredonbngt Hherdekinacd ReoTuRe et de ect ea
in the absggjg&a% bg,?g%%ﬁugh@égf@#bﬁo(g%_assay conprising nelting

anal ysis After the nin , melting curve was obtai ned by

cooling 20 the Fopdied b@minatichy e Used 3wee tyds bf Tg0sthaliag difreritaeqiéhceec, and
heating slowy at 35t to got. The fluorescence was neasured conti nuously

during theat thgretemiplatengr paton AT has ndilskelciThe itbreeotypds wbl@EOst havedzd
DNAs. Melting ﬁeak was derived fromthe nelting curve data. As shown Fi gure

17B, 3 gegqu?nc o16 Nodecslsr (BH@dndentd ﬂuomceé&p'@fpré@r mle@?/éf&w & theiE

SEEE& Eoddi v‘%pnapﬁémﬁﬁio&dﬁ%?éﬁ?ﬁ'ac?p&ﬁ%@&»@»%ﬁ@q“ﬁag A HR BT el eaed“’%?ok
1o . . AL . .

cor  espond ng ¢ & AL ASRY GBR8ha Felil SrpBRS Wi Sod Bt wi €hh Ban© Pea

three types of CTOs.

The sequences of synthetic template, upstream primer, PTO and CTOs used

15 in this Example are:

NGT 5-
AAATATGCGAAACACGCCAATGAGGGGCATGATGCTTTCTTTTTGTTCTTGCTCGGCAGAGCGAGTGATA
CCGATCCATTGAAAAA-3  (SEQ ID NO: 1)

20 NG-R 5-CAATGGATCGGTATCACTCGC-3' (SEQ ID NO: 2)

NG-PTO-3  5-ACGACGGCTTGGCCCCTCATTGGCGTGTTTCG[C3 spacer] -3 (SEQ ID NO: 7)
NG-CTO-1  5-[BHQ-1]JCCTCCTCCTCCTCCTCCTCC[T(FAM)JCCAGTAAAGCCAAGCCGTCGT[C3 Spacer] -3
(SEQ ID NO: 4)

NG-CTO-3  5-[BHQ-1]TTTTITTTTTCCTCCTCCAG[T(FAM)]AAAGCCAAGCCGTCGT[C3 Spacer] -3

25 (SEQ ID NO: 8)

NG-CTO-4  5-[BHQ-1JTTTTTTTTTTTTTTTTTTAG[T(FAM)]JAAAGCCAAGCCGTCGTIC3 Spacer] -3’
(SEQ ID NO: 9)

(Underlined letters indicate the 5-tagging portion of PTO)
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WD 2012/ 096523PCT/ KR2012/ 000287 3-2. PTOCE assay using a quencher-iso-dGIP
and a reporter-1|abeled CTO having an iso-dC residue PTO has no

| abel . ChWohar/mss2eporter nolecule (FAM and an i so-dC pesiKR20122100187 S
5'-end. During extension reaction of PTO fragnent, an iso-dGIP | abeled with
a 5quencher nol ecule (dabcyl) is incorporated at the position conplenentary
to the iso- dC residue. The sequences of upstream priner, downstream
prinmer, PTO and CTO used in this Exanple are: 10NG F

5' - TACGCCT GCTACTHICAREGT: R Q&Eéac{ Jf H)&Em'ﬁ f 20 pl containing 2 pmole
5 - CAATGGATCGGTATCACTLL: 3 g Rhe PO < M containing < p

- ACGACGGSIT gmm@ﬁa%@@m SRDI: ﬁ@%ﬁ&@ géﬁ@r 10 priold SEQpstkeaNOpriher
NGClOS 5 -[FAM [ | so- dC] CTCCTCCAGTAAAGCCAAGCCGTCGI| C3 spacer] -3' (SEQ ID
NO 11) (UEESY ID NOd 2),e3 prpke of RIICCERES) IThNO5S 7),t2apmbleef (T10 (SEQ IX NG, 815
3-2-1. PTOCE assay conprising real-tinme detection at a pre-determ ned

{enper at ur @ 9), and 107kt P Kt MinaentebieLL b &a .nglzhaoe PGor PP ABAGR6 20 pi

t 100 DNA 1. i SE
PoNe: oS uritgob B g BRR uinehsn Deq0RT: Rerehll teyibe SpHta 'f[sqrihm PactBh o Cato
ID NO 3 On:nl
Mast er ) m@@kﬁ%%a&gﬁﬂ aﬂgr %ﬁeﬁ?gb%g%o&%r (t%ﬁg%slc%'ﬁthmfl ng F‘%} regi(r:% i on
m xt ure Waﬁmu,@qegls bendtred Ak s trhiRBatt SRt MEPRYEIRECtddORX96 cyBbPoRa0 )sec e

reaction m xture was denatured for 15 mn at 95C and subjected to 60 cycles

of 30 sec 95THPBC seb@t 60T. airfted the RActiod naditin2éuragdvas obyatheesbytodingtke at
72C, 30 sec at 55C. Detection of the signal was perfornmed at 2560C of each
cycl e. Thereactiarcmixdurette 3p&Y, dwoiding akfor abCefoni3A sac, tand heating slowly atixC the

10 90TC. The fluorescence was measured continuously during the temperature rise to
monitor dissociation of double-stranded DNAs. Melting peak was derived from the
melting curve data.

As shown in Figure 16, a peak was detected at 76.0C, 69.0C or 64.5C in
the presence of the template. Each peak corresponds to the expected Tm of the

15 extended duplex generated from the examined CTO. No peak was detected in the
absence of the template.

These results indicate that the Tm value of the extended duplex is adjustable

by the sequence of CTO.
20
EXAMPLE 3: Detection of a target nucleic acid sequence using PTOCE assay

comprising real-time detection or melting analysis

We further examined whether the PTOCE assay can detect a target nucleic

25  acid sequence in real-time PCR manner (i) or post-PCR melting analysis manner (ii):
(i) Cleavage of PTO and extension of PTO fragment were accompanied with the
amplification of a target nucleic acid by PCR process and the presence of the
extended duplex was detected at a pre-determined temperature in each cycle (PTOCE

assay comprising real-time detection at a pre-determined temperature) or; (ii)
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ext ended dupl ex maintains a doubl e-stranded form DNA pol yner ase

havi ng 5 nuclease in the Plexor(r) Master M x was used for the extension
of upstr a&M2pryeves23and downstream prinmer, the cl eavage SCTERR2E028Me
extension of PTO fragnent. WD 2012/ 096523PCT/ KR2012/ 000287 As shown in
Figure 18A, the target signal (C 33.03) was detected in the presence of
the tenplate. No signal was detected in the absence of the tenplate. 3-2-2.
PTOCE assay conprising nelting analysis S5After the reaction in Exanple

3-2-1, el tieBeageUbl PTERaNALEREASEh R PPO! fragmérte weP@Gct@fipaHied Udith ttRe 35C,
hol ding at for 35C for 30 sec, and heating slowy at 35C to 90C. The

f | uor escensmplfications asfua el!drgmn’audulmlamldybyILPGm@rcbdG:SS tamapereapresende s the

noni t or di ssociation of doubl e-stranded DNAs. Ml ting peak was derived from
t he nel t i ngxtendededupigxavasl detecteth byupost Rk melt®B, analypis {RTQEE agsap comprising
correspondi ng. to t e expected Tm val ue of the extended dupl ex was detected
in the pre@€fing apply §'F|1e tenpl ate. No peak was detected in the absence of the

RS L.”EGPE%E%%% iy T VORI Y B, BT e By heensdfte By 3 e

hybrid of

quencher - | glE)HAI \égﬁivé gg?g%@;\@eéﬁp%a I @%}%ﬁ%%@& aggoééquerrcgbvg ed wth
a quencher dcﬁwﬂlstlfééhﬂpr(rﬁéﬂ%ll?cmbrotéﬁ Paq BNN polyhferase Havipgl£st chl&aBseaactlwty
fluorescent reporter nolecule (FAM at its 3' -end.

sequences wﬁs usest foe dime pxtension oﬂupﬂh@nemmmambdownﬁf@mrmrﬁﬁiﬂhes&ehvage 20t hi s
Exanple ar of PTO and the extension of PTO fragment.
10 The extended duplex was designed to have an interactive dual label. The
interactive dual label in the extended duplex was provided by (i) CTO labeled with a
reporter molecule and a quencher molecule, (ii) a quencher-iso-dGTP incorporated
during extension reaction and CTO having a reporter molecule and an iso-dC residue
or (iii) PTO having a quencher molecule and CTO having a reporter molecule. PTO
15 and CTO are blocked with a carbon spacer at their 3™-ends.

Genomic DNA of Neisseria gonorrhoeae (NG) was used as a target nucleic

acid.

3-1. PTOCE assay using a dual-labeled CTO

20 PTO has no label and CTO is labeled with a quencher molecule (BHQ-1) and a

fluorescent reporter molecule (FAM) in its templating portion.

The sequences of upstream primer, downstream primer, PTO and CTO used in

this Example are:

25
NG-F  5-TACGCCTGCTACTTTCACGCT-3" (SEQ ID NO: 10)
NG-R 5-CAATGGATCGGTATCACTCGC-3" (SEQ ID NO: 2)
NG-PTO-3  5-ACGACGGCTTGGCCCCTCATTGGCGTGTTTCG[C3 spacer] -3’ (SEQ ID NO: 7)

NG-CTO-1  5-[BHQ-1]CCTCCTCCTCCTCCTCCTCC[T(FAM)]JCCAGTAAAGCCAAGCCGTCGT[C3 Spacer] -3’
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NG F 5' - TACGCCTGCTACLTTCACGCT-3' (SEQ ID NGO 10) NG R

5' - CAATGGATCGGTATCACTCGC-3' (SEQ I D NO 2) NG PTO 4

5' - [ BHQ WOCHROIHZF TGCCCCTCALTGECGTGLITCH C3 spacer] - 3' PCHEBR2DD/ND8712)

NG CTO 7 5' - CCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGIT FAM - 3" (SEQ 1 D NG
6) 25(Underlined letters indicate the 5 -tagging portion of PTO 3-3-1.
PTOCE assay conprising real-tine detection at a pre-determ ned tenperature
The reaction was conducted in the final volume of 20 pl containing 100 pg
of NG genopph @ N4y 10 pnol e of downstream prinmer (SEQ ID NGO 10), 10 pnole
of upstreamprinmer (SEQID NO 2), 5 pnole of PTO (SEQ ID NO 12), 2 pnole
of CTO ( SEQndedinddOettets)indicatd theG-tpdgingfpordiot dfRBE)er M x containing 2.5 mM MyCl2,
200 pM of dNTPs and 1.6 units of H Taq DNA pol ynerase (Sol gent, Korea);
the tube containing the reaction mxture was placed in the real-tine

t her nocycl er i tion mxture was denatured for 15
mn at 95 .:il’l 17 at a prengete yped. tempe atgre 30

' i i . . . Th
5202 125, oL e SRR 5 LU 2 SR B R 5
Tei ntai s _gertiib bR IRfnhBlerBraRshrktiearh RRI A5EOAD! MONIGNA0 dige of e Tm

val ue of a hybrid between uncl eaved PTO an As shown in Figure 19A
the targetusstgam pireér GEQ/H) NOaR)ABpatdledf PTOL(SEQADENONTY; Dpmikeoft ETPI at e.
No signal was detected in the absence of the tenplate. 3-3-2. PTOCE assay
conpr i si ng(Ske) ID NY: ahabpdil® Wfafe2X Master ddix tcontaining X5amy #Mgel,3200 pMelof i ng

curve was obtained by coolin 15 the reaction mxture to 35C, holding at

f or SSCdf ofNERs %@c,lﬁdﬁbts%%%%DQA&MIW%:ﬁseS@@I%tIQ@E?a)Tﬁ@ tubgsoetiME e was
ti | v, duri t he .t i i . dj i ati

of - doubl o- SR AL e Riactg 1pAlR e e eyRiok s LRI, BerRARg tad ve

data. As SRAWRLAIIIE WatterBuREdordds hfh alCoser L BB td BoPGeLPsrt €d Tm

sec at 95T, 60 sec at 60T, 30 sec at 72C. Detection of the signal was performed at

60T of each cycle. The detection temperature was determined to the extent that the
extended duplex maintains a double-stranded form.
15 As shown in Figure 17A, the target signal (Ct 31.36) was detected in the

presence of the template. No signal was detected in the absence of the template.

3-1-2. PTOCE assay comprising melting analysis

After the reaction in Example 3-1-1, melting curve was obtained by cooling
20  the reaction mixture to 35C, holding at for 35°C for 30 sec, and heating slowly at
35C to 90°C. The fluorescence was measured continuously during the temperature
rise to monitor dissociation of double-stranded DNAs. Melting peak was derived from
the melting curve data.

As shown Figure 17B, a peak at 76.0C corresponding to the expected Tm

25  value of the extended duplex was detected in the presence of the template. No peak
was detected in the absence of the template. Since the hybrid of uncleaved PTO and
CTO does not give any signal in this labeling method, there was no peak

corresponding to the hybrid of uncleaved PTO and CTO.
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20 val ue of the extended duplex was detected in the presence of the

tenpl ate. Since the hybrid of uncleaved PTO and CTO does give a non-target
si gnal i rwoRoR/W964281 i ng net hod, the peak correspondi ng POTIHR20MAM0Zue of

t he hybrid of uncleaved PTO and CTO was detected at 48.0C in the absence of
the tenplate. 25These results indicate that a target nucleic acid sequence
can be detected by PTOCE assay conprising real-tinme detection or nelting
anal ysis. EXAMPLE 4: Detection of nultiple target nucleic acid sequences by
PTOCE assag- OIMFOCE | 838hy@irtd 9guarﬁtﬂhle#&b-°dmp and a repifteplabRIcEXE0 Agdngvlgt her
the PTOCE assay conprising nelting analysis can detect nmultiple target
nucl ei ¢ acisd-déegeidnees using the sanme type of a reporter nol ecul e.

5C eavage of PTOs and extension of PTO fragnents were acconpanied with the

anmplificati onhd’fTOtl@asggi ljhge CleSOdwaacai r@p@@@fumleétge EﬁAmmqaa@éﬁe§§| eastglue e |
o . .
EL%%ECZﬁifg@%eéa%ﬁ&%eﬁsﬁ%?wﬁéee%nﬁ’ﬁ‘}g%?p? vaes t%ﬁééﬂeﬁﬁagﬁsls%% %ﬁ‘%é‘df' )
i ' Q i ' ol T
"t er sct 1 vataRi WelsEyeRaadnds ke bRErE T ik pdshtioh BBlptfertaR o afiliey ' eh

a reporter4opbsgie. e and a quencher nolecule in its tenplating portion. The
CTGs have the sane type of a fluorescent reporter nolecule (FAM but have
di fferent sequermmrsseqQeryreser apstrdaftprithéd downdtreb pivnee #TOfant IGTOededntled
dupl exes. PTO and CTO are bl ocked with a carbon spacer at their 3'-ends.
15Genom ¢ DigAExanfpléNeiesseri a gonorrhoeae (NG and St aphyl ococcus aureus (SA)
were used as target nucleic acids. The sequences of upstream priner,
downstream priner, PTGCs and CTGs used in this Exanple are: 20 NG F

5' - TACGCCTCCTACTTTCACGCT- 3" ( SEQ | D_NQ 1(_))1 NG R

5 | CARTCCATELPATEAT BB TOAGEY | BREP 155 10

NG-R  5-CAATGGATCGGTATCACTCGC-3° (SEQ ID NO: 2)

NG-PTO-1  5-ACGACGGCTTGGCTGCCCCTCATTGGCGTGTTTCG[C3 spacer] -3°  (SEQ ID NO: 3)
NG-CTO-5  5"-[FAM][Iso-dC]JCTCCTCCAGTAAAGCCAAGCCGTCGT[C3 spacer] -3°  (SEQ ID NO: 11)
{Underlined letters indicate the 5-tagging portion of PTO)

15

3-2-1. PTOCE assay comprising real-time detection at a pre-determined temperature

The reaction was conducted in the final volume of 20 pl containing 100 pg of
genomic DNA of NG, 10 pmole of downstream primer (SEQ ID NO: 10), 10 pmole of
upstream primer (SEQ ID NO: 2), 5 pmole of PTO (SEQ ID NO: 3), 2 pmole of CTO

20 (SEQ ID NO: 11), and 10 pl of 2X Plexor® Master Mix (Cat. No. A4100, Promega,
USA); the tube containing the reaction mixture was placed in the real-time
thermocycler (CFX96, Bio-Rad); the reaction mixture was denatured for 15 min at
95C and subjected to 60 cycles of 30 sec at 95°C, 60 sec at 60C, 30 sec at 72°C and

5 cycles of 30 sec at 72C, 30 sec at 55C. Detection of the signal was performed at

25 60T of each cycle. The detection temperature was determined to the extent that the
extended duplex maintains a double-stranded form.

DNA polymerase having 5’ nuclease in the Plexor® Master Mix was used for the

extension of upstream primer and downstream primer, the cleavage of PTO and the

extension of PTO fragment.
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NG PTO 3 5' - ACGACGGCITGGCCCCTCALTGECGIGII TCH C3 spacer] -3' (SEQ ID NO 7)
? . 0: a ONUNN el el FAM CCAGTAAAGCCAAGCCGTCGT C3 S acer , 25(SEQ ID NO
4) SA-F SWORGRZIAGRALTTGAACAAGGATTTAATC- 3' (SEQ | D NO  1BYTSHR2RI2/000287
5' - GATAAGLTTAAAGCTTGACCGICTG- 3" (SEQ ID NGO 14) SA-PTO 1
5' - AATCCGACCACGCATTCCGTGGTCAATCATTCGGLTTACH C3 spacer] -3'" (SEQ ID NO 15)
SA-CTO-1liltl]iiiiiiiiiiiiiiGCAl T(FAM]AGCGTGGTCGGALT[ C3 spacer] -3' 80
(SEQ ID NO 16) (Underlined letters indicate the 5 -tagging portion of PTO
Tpe reacti on wasascshsCiredigufe 188 fHengrgatodigia (of 33@3plwasodétactat ng the0 pg
o]

presence of the template. No signal was detected in the absence of the template.

3-2-2. PTOCE assay comprising melting analysis

5 After the reaction in Example 3-2-1, melting curve was obtained by cooling
the reaction mixture to 35C, holding at for 35C for 30 sec, and heating slowly at
35C to 90C. The fluorescence was measured continuously during the temperature
rise to monitor dissociation of double-stranded DNAs. Melting peak was derived from
the melting curve data.

10 As shown Figure 18B, a peak at 70.0°C corresponding to the expected Tm
value of the extended duplex was detected in the presence of the template. No peak
was detected in the absence of the template. Since the hybrid of uncleaved PTO and
CTO does not give any signal in this labeling method, there was no peak
corresponding to the hybrid of uncleaved PTO and CTO.

15

3-3. PTOCE assay using a quencher-labeled PTO and a reporter-labéled CTo

PTO is labeled with a quencher molecule (BHQ-1) at its 5-end. CTO is
labeled with a fluorescent reporter molecule (FAM) at its 3"-end.
The sequences of upstream primer, downstream primer, PTO and CTO used in
20  this Example are:
NG-F  5-TACGCCTGCTACTTTCACGCT-3' (SEQ ID NO: 10)
NG-R  5-CAATGGATCGGTATCACTCGC-3’ (SEQ ID NO: 2)
NG-PTO-4  5-[BHQ-1]JACGACGGCTTGCCCCTCATTGGCGTGTTTCG[C3 spacer]-3’  (SEQ ID NO: 12)

NG-CTO-2 _ 5-CCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGT[FAM]-3"  (SEQ ID NO: 6)

25 (Underlined letters indicate the 5"-tagging portion of PTO)

3-3-1. PTOCE assay comprising real-time detection at a pre-determined temperature

The reaction was conducted in the final volume of 20 pl containing 100 pg of

NG genomic DNA, 10 pmole of downstream primer (SEQ ID NO: 10), 10 pmole of
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5 genom c DNA of NG 100 pg of genom c DNA of SA, 10 pnole of each
downstream priner (SEQ ID NGs: 10 and 13), 10 pnole of each upstream pri ner
(SEQ | D Npe202/@m#314), 5 pnole of each PTO (SEQ | D NGsPCT/KR2121BY2872 pnol e
of each CTO (SEQ ID NGs: 4 and 16), and 10 pl of 2X Master M x contai ni ng
2.5 MM MgCl2, 200 pMof dNTPs and 1.6 units of H Taq DNA pol ynerase

(Sol gent, Korea); the tube containing 10 the reaction m xture was pl aced
in the real-tinme thernocycler (CFX96, Bio-Rad); the reaction m xture was
denat ured {sstredn Priierd{SEBDID RO 25U pawplecsk PTO SEC YT INES 19, 3BnRCofdtT@®SC, 60
sec at 60t, 30 sec at 72t. After the reaction, nelting curve was obtai ned
by cool i ng(SEQID ddX:t 6)oandrilRtuiraf 20Master Miolcdntanirg 2fSomMHgd,p208QuMef, and
heating slowy at 35C to 90t. The fluorescence was neasured continuously
during 15 ﬂN'EB/& Ahbbainits ©f H-Jag DYARohnesased{Solgsot, dfarem): dhe tbegtioataitinginded
DNAs. Meltj ng ak was derived fromthe nelting curve . shown
O i gure 86 reBRe BREre Srasaecadiahe Meaidnee biamosidse GRS BisRatk . 50
wer e defec Ny ' din
the. absencisagior AR AIERAY (T8 HiRE 35S mmd Rl POHIBLBLET,
conpr i si ngsd¥edttgsny ecYsticd @l 300Nk IO BiRE&Rh dthd 5iBh& &' Si8torMig ae1 C
acids by using the sane type of a reporter nolecule (€.9. FAM in the

condi tion é0f@toftdach eydie Mthectetiettibs XeBperature was iidtdrtinicd tolthe tektepethatthé ei C

aci ds have different Tm val ues. 25 EXAMPLE 5: Eval uation of PTOCE assay
conpri si ngextendedndupiera imednitainera doblestrarded form andMhé temperatus dsrihigher PTOCE

assay conprising_neltin analﬁsi s on mcroarray. PTO cl eavage was conduct ed
in a separ s hedgapluggfadmbhd betwsen sncleaved -3 pndGTOwas taken into a

TS v 5 IO RS HRDLO B Al e S 98500 SRBSHA Fand e
Taq DNA poLuoBf-a3f tﬁbﬁ%ﬁ%t@f N@H@h%ﬁ%@%@% nééd fnythlé"%ﬁf,éh%g%f f:l%rttehﬁaé&“ ension

of upstreamprimer, eavag the extension o fragnent.
The 5 extended duplex fornmed during the assay was designed to have a
single label. The single |abel in the extended dupl ex was provided by PTO
| abel ed wi 38-2uPFOCE As@scomprisingrreaitiegqbnalggiort er nol ecule at its 5 -end.
PTO and CTO are bl ocked with a carbon spacer at their 3'-ends. The CTO has
pol y(T)5 as a | iAftesthereaciian imdsamplgobptl, Zeelting cunve was oktaived bycogling s

;;L?Eg:b ! {Pedreabonmtasdp e é@&‘é@lﬁf’%@ﬁé@iﬁo@% % PEDGUG G
1s'3 L ena> 0 o' SPothe BieBlentd %! A8Seed Firelotihy MRS A ML 1
PTO, CTO ang fhbkitortdi&bcibtior bf SolBi@EParied NAs. Melting peak was derived from

the melting curve data.

As shown Figure 19B, a peak at 76.5°C corresponding to the expected Tm
20  value of the extended duplex was detected in the presence of the template. Since
the hybrid of uncleaved PTO and CTO does give a non-target signal in this labeling
method, the peak corresponding to the Tm value of the hybrid of uncleaved PTO and

CTO was detected at 48.0°C in the absence of the template.

25 These results indicate that a target nucleic acid sequence can be detected by

PTOCE assay comprising real-time detection or melting analysis.

EXAMPLE 4: Detection of multiple target nucleic acid sequences by PTOCE

assay comprising melting analysis
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15 NG T 5 - AAATATGCGAAACACGCCAATGAGGGGCATGATGCTTTL

iiiiiGTl CTTGCTCGGCAGAGCGAGTGATA CCGATCCALTGAAAAA-3' (SEQ ID NO 1) NG R

5' - CAATCGORDQEREMATRZACTCGC-3' (SEQ ID NO 2) 20NG PTO- 5  PCT/KR2012/000287

5HQuasar 570] ACGACGGCITGECTTTACTGCCCCTCATTGECGTG ti CH C3 spacer]-3' (SEQ ID

NO 17) NG CTO S1

5'-[ Ami noC7] TTI TTCCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGI[ C3 Spacer] - 3

(SEQ I D NGO 18) Marker 5' Quasar570} ATATATATAT[ Ami noC7]-3 (SEQ ID NO 19)

25(Underlined letters indicate the 5 -tagging portion of PTO NSB9

NHS sl ides (NSBPOSTECH, Korea) were used for fabrication of the CTO and

mar ker (SEQ | D N@e:alsb8xaminetOyhethiereth€ ROOLkdassay kemprikirssmeltied analybiSBan

spotting buffer at the final concentration of 10 pMwere printed on the

NSB9 NHS sfletgels muitiple gargetznudeic 2aarh 58aaeey kasipg 1theosans type of a reporter

Personal Arrayer Tnil6 M croarray Spotter (Capital Bio, China). The CTO and

mar ker wer MOEGWEt ed side by side in a 2x1 format (duplicate spots), and the

resulting mcro j-Reu e i i - 85% bum dity
; et 3T ok el RO e iR W g R,

for overnight. es wer er solution containing

2xSSPE (0. : : - i 2.0
M EDTA) , ﬁ"ﬁ“é7”§@@“§%*58”35ﬁo@f%&g§%%gét9 &8?85“#%@%8%5%‘%@&?%%@@3%?@?@"@%@

non- speci f reabitgndual ddpléXee wasl devdcke) bansbst-POR efleNing rardiysisi (FTOCEVadsay -
Then, the DNA-functionalized slides were dried using a slide centrifuge and
stored i n camprisittg matinganalysi)e. The cl eavage reacti on was conducted in the
final volunme of 50 pl containing 2 ] ]
The extended duplexes formed during the assay were designed to have an
10 interactive dual label. The interactive dual label in extended duplex was provided by
CTO labeled with a reporter molecule and a quencher molecule in its templating
portion. The CTOs have the same type of a fluorescent reporter molecule (FAM) but
have different sequences to generate the different Tm values of the extended
duplexes. PTO and CTO are blocked with a carbon spacer at their 3™-ends.
15 Genomic DNAs of Neisseria gonorrhoeae (NG) and Staphylococcus aureus

(SA) were used as target nucleic acids.

The sequences of upstream primer, downstream primer, PTOs and CTOs used
in this Example are:
20
NG-F  5-TACGCCTGCTACTTTCACGCT-3' (SEQ ID NO: 10)
NG-R  5-CAATGGATCGGTATCACTCGC-3' (SEQ ID NO: 2)
NG-PTO-3  5-ACGACGGCTTGGCCCCTCATTGGCGTGTTTCG[C3 spacer] -3’  (SEQ ID NO: 7)

NG-CTO-1  5-[BHQ-1]CCTCCTCCTCCTCCTCCTCCT(FAM)JCCAGTAAAGCCAAGCCGTCGT[C3 Spacer] -3

25  (SEQID NO: 4)
SA-F  5-TGTTAGAATTTGAACAAGGATTTAATC-3'  (SEQ ID NO: 13)
SA-R  5-GATAAGTTTAAAGCTTGACCGTCTG-3'  (SEQ ID NO: 14)

SA-PTO-1  5-AATCCGACCACGCATTCCGTGGTCAATCATTCGGTTTACG[C3 spacer] -3° (SEQ ID NO: 15)

SA-CTO-1  5-[BHQ-1]TTTTTTTTTTTTTITTTTGCA[T(FAM)]AGCGTGGTCGGATT[C3 spacer] -3’
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10 pnol e of synthetic tenplate (SEQ ID NGO 1) for NG gene, 10 pnole of
upstreamprinmer (SEQID NO 2), 1 pnole of PTO (SEQ ID NG 17), and 25 pl
of 2X MaswenoNwevdnt ai ning 2.5 nM MyCLl2, 200 pM of dNTPET/KR2124000287t s oOf
H Taq DNA pol ynerase (Sol gent, Korea); the tube containing the reaction
m xture was placed in the real-tinme thernocycler (CFX96, Bio-Rad); the
reaction m xture was denatured for 15 mn at 15 95C and subjected to 30
cycles of 30 sec at 95C, 60 sec at 63C. The 30 pl of the resulting
m xt ure vvawﬁ,ggnp,hé;qgi) to a chanber assenbled on the surface of NSB gl ass
slide on ich the CTO (SEQ I D NO 18) was cross-linked. The slide was

pl aced on (UndeslinédiettdrsOndicate theds-tad@gportiyredf €T0)( GenePro B4l, China). Six sane
slides were prepared for nelting analysis. The extension reaction was
allowed for 20 20 mn at 55C. Then, the resulting slides were incubated

S T fw@fct%%h'dhe?%c@qaﬁ'uig%%f“ﬁaﬂi@“q’%ﬁﬁeﬁﬂnéi‘aﬂipifoif! on'
i . . ' 0A
(o1 cou o Sesihic BAVA B N7 0B codh Henbitlc BRRCRE ot P Bhe o R RBRERIEAH)

f I uor escenggmbisgsio NP&‘{afo GRR1YY 9@ dWolk BE edGPutredHPptihérd(s QﬁID K8s: 2

m croarray anal ysis software, GenhePi'x pro6.0 software (Ml ecul ar Devi ce,

US). The fanth14)s6emeste ohbsdhsPTQY (SESIENPEER adl 185 25hmble me dachnSTA{$EY ID ocal
background subtractions. Each spot was duplicated for the test of

repr oduci bNOst 4 .an@hiks)f bodrl@siderfc2X Masten Mix ycontadtiinga 2 s mvh Mgllse 28G M af ue of

t he duplicated spots. As shown in Figure 21A and 21B, nelting curve was
obt ai ned bYNTFRsa&is 1 fgnitseof W@@Mé/@gmemqe@mlgwwmtwlf@n&@w

or coonth. oy RaCt BRE s & ouadhe St erhPoe NG Rl EHRBABER0% oot a.
5 EXAMPLE 6. .F ' : {~S] =4 }
i or onr ray et MR e BT (0 R AR R ateied I BO G EEht 8 e

det ection gdc & 98°€J6baeE NG, EI0B& 8l WD €. Pftelithé Pedctiay, méRikh GanRIRa®f PTO
and extension of PTO fragnent were repeated on a mcroarray where CTO was

i mobi | i zeobtaihbée byreeskmgctheatadtion mixture de 35 iy okding\atsfod 86 &x far B0adecpand
pre-determ ned tenperature in several determned cycles. Tag DNA

pol yner asehe¢piingrsipwiy ah3bi1Cetos80 e iThe iflupresernceswas measure centinsnushy guang
upstream priner, the cleavage of PTO and the extension of PTO fragnment. 15
The ext®ndd§ GUPERIEIISEP %BP'FQ{gd'Wé'aﬁ%Qf/ %@&%P&%B’“ﬁ% Meltieg g’eé'F ngl e

was. provi a88° B/ MeBEant B 3t 2% plic, Ter "ol ecule (reporter-abel ed .
abei ed with o Fomr e e e B G B YD g T
CTO . PTO endg'c§leradetedfedlin eteesrevbrich oft titatehlated MeLsigrid] wab eletecBed iR ks .
absence of the templates.
20 These results indicate that PTOCE assay comprising melting analysis allows us
to detect multiple target nucleic acids by using the same type of a reporter molecule

(e.g. FAM) in the condition that the extended duplexes corresponding to the target

nucleic acids have different T,, values.

25
EXAMPLE 5: Evaluation of PTOCE assay comprising melting analysis on
microarray
We further examined PTOCE assay comprising melting analysis on microarray.

PTO cleavage was conducted in a separate vessel and an aliquot of the resultant was
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The CTO has poly(T) as a linker arm The CTO was inmobilized on a gl ass
slide by using an am no group (Am nnoC7) at its 5 -end or its 3 -end. A

mar ker prybeot2#9652d a fl uorescent reporter nol ecul e (QURSAAGR20)2/1028(7t S
5'-end was i nmobilized on the glass slide by using an amno group at its
3'-end. A fluorescent intensity on the 25 glass slide was neasured at a
pre-determ ned tenperature. The detection tenperature was determned to the
extent that the extended dupl ex nmaintains a double-stranded form Synthetic

ol i gonucl eﬁ&bﬁiwaQrmmﬁr%gw@r@mwmmme@. AR the BteASion eedetion, @fe VO
2012/ 096523PCT/ KR2012/ 000287 6-1. PTOCE assay using a reporter-1|abeled PTO

PTO has Qupesericé®f dise extbhdeal digiednivas dgtoctee by mitrearealysts. i ts 5' -end. The CTO
was i mobilized through its 5 -end. In this |abeling nethod, the detection
t enper at ure was st BNAipobnarase having: b'emuclaase activiy was usater dbp lextensian nt ai ns

a 5doubl e-siranded formand the tenperature is higher than_the Tm val ue of
a hybrid b@'{ Wetrramhermsy dbe ﬂF@’a&?dor?)Cﬂz@ and the eXtﬂ'?gloﬁéﬁlféer:gég'BFmsyﬂ—F‘lﬁet ic

(ST 21 ABRAAERE e e A TR ASrda ple VSRR g 10
o Canr TN R hOE PR AR PSRl MR Qllsdb70fs

io [ ?71;:15 ar fudreAer\keportét ofetLiBAETEERd CALTIRRETFD TareEdcked Maies catborf SEQ | D
spacer at their 3"-ends. The CTO has poly(T)s as a linker arm and was immobilized
on the surface of a glass slide by using an amino group (AminnoC7) at its 5-end. A
10  marker probe having a fluorescent reporter molecule (Quasar570) at its 5-end was

immobilized on the surface of the glass slide by using an amino group at its 3-end.

The sequences of synthetic template, upstream primer, PTO, CTO and marker
used in this Example are:
15

NGT 5-

AAATATGCGAAACACGCCAATGAGGGGCATGATGCTTTCTTTTTGTTCTTGCTCGGCAGAGCGAGTGATA
CCGATCCATTGAAAAA-3’  (SEQID NO: 1)
NG-R  5-CAATGGATCGGTATCACTCGC-3’ (SEQID NO: 2)

20 NG-PTO-5  5-[Quasar570]ACGACGGCTTGGCTTTACTGCCCCTCATTGGCGTGTTTCG[C3 spacer]-3° (SEQ

ID NO: 17)
NG-CTO-S1  5'-[AminoC7]TTTTTCCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGT[C3 Spacer]-3”
(SEQ ID NO: 18)

Marker 5-[Quasar570]ATATATATAT[AminoC7]-3' (SEQ ID NO: 19)

25 (Underlined letters indicate the 5"-tagging portion of PTO)

NSB9 NHS slides (NSBPOSTECH, Korea) were used for fabrication of the CTO
and marker (SEQ ID NOs: 18 and 19). The CTO and marker dissolved in NSB spotting

buffer at the final concentration of 10 uM were printed on the NSB9 NHS slides with
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NG CTO-S1 5' -[ Am noC7] TTTTTCCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGTT C3

Spacer] -3

(SEQ ID NO 18) Marker 5'-[Quasar570] ATATATATAT[ Ani noC7] - 3'

(SEQ

I D NO 19w02012096f8| i ned | etters indicate the 5 -taggi ngCpaR202/008387PTO)

Slide preparation was conducted as the sanme protocol

The PTCCE
upstream

of H Taq

ID NO 18) was cross-linked. The slide was ' ' _
t her mocycl was (regbeted dn BAghambier maintained @t <8580 hamidiysforevenjghbpEheslidesr

used in Exanpl e 5.

reacti on was conducted in the final volunme of 30 pl containing 2
pnol e of synthetic tenplate (SEQ ID NO 1) for NG gene, 10 pnol e of
25 primer (SEQ 1D NO 2), 1 pnole of PTO (SEQ ID NO 17), and 15
pl of 2X MpgkeralAdayerond Midtoateay2spotieM ddbitaBio, Zhtha) M CTINARS madiedt whrd uni ts
DNA pol ynmer ase (Sol gent, Korea); the whole m xture was applied to
a chanber spitedidided bpidehia & xT farmab (diydiBate! spets)s bndl éheoresulting mittoarr@f O ( SEQ

placed on in situ block in a

Genat urat | BRY o0 S aInG: DUfer 61Ut90 OB A 4HSREE (F Meedih bPBE 080 sec

nunbor ¢ SR o7 oe ehEfotn & s R0 M BRI, PR AR NGO Y SBsi,

| mge acquigido Riih W6 temave e htlspetirically BousdeToasd mdkd?Yard AinseeiCwth
Conf ocal Laser Scanner, Axon CGenePi x4100A (Ml ecul ar Device, US) wth

scanni ng atisfitednvatex Ther, ehe IDNA-fRctioHatizdd dlidesgernated WIS islide ventrifagel yzed

by the use of quantitative microarray anal ysis software,

GenePi x pro6.0

sof t war e (&md storddain dBdvatceC upB)useThe fl uorescence intensity was expressed
as spot-nedians_after | ocal background subtractions. Each s

10dupl i cat ed f ofherHeavage reastion wiap sandydad intthe firgkvalymeofs

i ndi cat es

pot was
ethcentainingndi t y

5 Y2t S8 DL S RE B0 10 a3 AR o
seauence Waank ERS A0 RANhBN FRTBISHR BARIELS Gy 24, b e 1, ©

56, 2482, 20&ntainRg .8 Mm@ _Fd04iM &f . dtPe, 3dd 4 AnitsoftHes

There was no change of the fluorescent |nten5|‘?y dependi ng on
cycl e nunbgSotgenty Kdnea)atteetube coftalnirg therpaction. miituPe was Plaicediirstie reslitimge a
dual - | abel ed CTO 20The CTO was i nmobilized through its 3'-end and has a

tenpl ate.

DRRACPSIPmEfasé he

quencher nilegvoatyslet KGEX36, BierRad);fthgoeaginanmixteneowes dendibeasufos 15Qmirs @k 570)
in itslsterrgé%ti ng portio

20

andsubjected tg 30 cycles of 30 sec at 95C, 60 sec at 63C.

The 30 pl of the resulting mixture was applied to a chamber assembled on the
surface of NSB glass slide on which the CTO (SEQ ID NO: 18) was cross-linked. The
slide was placed on Jin situ block in a thermocycler (GenePro B4I, China). Six same
slides were prepared for melting analysis. The extension reaction was allowed for 20
min at 55°C. Then, the resulting slides were incubated for 1 min at room temperature.
Finally each slide was washed in distilled water for 1 min at 44°C, 52°C, 60C, 68T,
76°C or 84°C. The image acquisition was carried out by the use of Confocal Laser

Scanner, Axon GenePix4100A (Molecular Device, US) with scanning at 5 pm pixel

25

resolution. The fluorescence intensity was_analyzed by the use of quantitative
microarray analysis software, GenePix pro6.0 software (Molecular Device, US). The
fluorescence intensity was expressed as spot-medians after local background
subtractions. Each spot was duplicated for the test of reproducibility. The fluorescence
intensity indicates the average value of the duplicated spots.

As shown in Figure 21A and 21B, melting curve was obtained by measuring the
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The sequences of synthetic tenplate, upstreamprinmer, PTO CTO and marker
used in this Exanple are: NGT 5'-

AAATAT GCORRACROGERAAT GAGGECCATGATCCTTTC. I I I 1 1 PCT/KR2012/000287
GTTCTTGCTCGGCAGAGCGAGTGATA CCGATCCATTGAAAAA-3' (SEQ ID NGO 1) NG R

S' - CAATGGATCGGTATCACTCGC-3' (SEQ ID NO 2) NG PTO-6 5'-
ACGACGECLTGGECLTTACTGCCCCTCALTGECGTGLITCH C3 spacer]-3" (SEQ I D NG 20)

NG CTO S2 5' - [ BHQ 2] CCTCCTCCTCCTCCTCCTC(C T( Quasar 570) ]| CCAGTAAAGCCAAGCCGTCG
LETTLET 1TfddrésfeRofatdnsity froFfel JpotiCpregdrad Myr différent washingUtemperatures. The

5' - [ Quasar 570] ATATATATAT[ Ami noC7]-3" (SEQ I'D NO 19) 5(Underlined letters

i ndi cat e t preséricetofigils exgepded duplexofasRIeBirnBhéedifromrtap aretingocurveadataonduct ed as
t he sane protocol used in Exanple 5. The PTOCE reacti on was
conducted in the final volune of 30 pl containing 2 pnole of synthetic
tenplate (SEQ ID NO 1) for NG gene, 10 pnole of upstream 10 prinmer (SEQ ID
NGO 2), 1 pnole of PTO (SEQ ID NO 20), and 15 pl of 2X Master M

X
contai nj ng unl tS:.Qf

pol ymerhsoERAMPRE $PERgation GBRock doshy, iifierhe Bl dheelfin Bt
assenbl ed Rﬁc'?%?r rface of NSB gl ass slide on which the CTO was
cross-1inke ES?JD NGO 21). The slide was placed on in situ block in a

t hernocycler (GenePro B4l, China). Five sane 15 slides were prepared for
cycling analysis. The PTOCE reaction was carried out as follows: 15 mn
denat uration at §8CGuehet éantnedl BTOCH assay 3®mpyisingsrealftiBO detactian aare60 sec
at 60C, 60 sec at 50C. After the reaction of the corresponding cycle
nunber, t hdetprpiped tRMRRAraturg FhmMigieareayr ri ed out by the use of Confocal Laser

S AX Pi | I j S) with ' )

oixol Fbsol ot | GIRSVARRPT 50 #1d, GBI U T eTarROAIB L RReAT 00 Mg CPFY hse of
| Hesol uti . .

(Nl ccul ar YRR 10 RpPimBRTIAL e BRRGHEL 6 hE EAEA R BB s Rt o

spot - nedi ap%-dHiérifind dPefpelrGledn Qb\taldebdritdd Qbres. Fach spot was dupl i cat ed
for the test of reproducibility. The fluorescence intensity indicates the

aver age val ue Thq DNA polyrhérasd bavisg St sucleast Astivityowas usedHiog tilie extaAsiomdf 23B,
the fluorescent intensity for the target nucleic acid sequence was

i ncreased dpstea prneintheyddasaga offdiGandtheyaxtensippof PI0, feaosamd. 3; 5

cycles RFU. 35,967555.1; 10 cycles RFU, 44,6674186.0; 20 cycl es RFU.

65, 4238 1; and 3thecpiendedrduplexdarmerbdurng the assry Wesdesaneddp haxdgisnge There

was no chapgs of L TLUBL SRR Rlod "ARS Y RBENH Bk el SuplR was
provided by PTO labeled with a reporter molecule (reporter-labeled PTO). The
interactive dual label in the extended duplex was provided by CTO labeled with a
reporter molecule and a quencher molecule (dual-labeled CTO). PTO and CTO are
20  blocked with a carbon spacer at their 3"-ends.
The CTO has poly(T) as a linker arm. The CTO was immobilized on a glass
slide by using an amino group (AminnoC7) at its 5"-end or its 3"-end. A marker probe

having a fluorescent reporter molecule (Quasar570) at its 5-end was immobilized on

the glass slide by using an amino group at its 3-end. A fluorescent intensity on the

25 glass slide was measured at a pre-determined temperature. The detection
temperature was determined to the extent that the extended duplex maintains a
double-stranded form. Synthetic oligonucleotide for Neisseria gonorrhoeae (NG) was

used as templates.
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nunbers in the absence of the tenplate. EXAMPLE 7: Detection of multiple
target nucleic acid sequences by PTOCE 5 assay conpri sing end- poi nt

det ect i orwa20r/g9683det er mi ned tenperature on m croarray PCT/KR2012480380r t her
exam ned multiple target detection by PTOCE assay conprising end- poi nt
detection at a pre-determ ned tenperature on mcroarray. 10PTO cl eavage was
conducted in a separate vessel with PCR process and an aliquot of the
resultant was taken into a mcroarray where CTO was i nmobilized. After

ext ensi on 6-2aCPTOOE aédag ugingserepertetlabdled exbended dupl ex was detected by
end- poi nt detection at a pre-determ ned tenperature. Taq DNA

pol ynmer ase havi mjOchasrudsesidd aact fludrescemarepartedmblecule fag ite o(-end.i e TFO of
upstream priner and downstream prinmer, the cleavage of PTO and the

ext ensi on Wps Ammekiliggdetirough its 5pRd. gt dhigedpbelipg eethodmeidied detaston he
assay was designed to have a sipgle | abel., The single |abel in.the extended
dupl ex vvasteﬂ}pg&lr%ﬂ'@dwﬁ/ "?Sepcgﬁ‘%e?ﬁ?“kgs% a 7@23%&:9 81“38)? AN L por t er
I I - ] ; b
epacer ot - SqubltesdaridEftofth ahltnk tetpplrefdpfE HGHET IhAH TP 1 VARE, of & v . 1a°

was i Mmobi hdraeeh Qhcléav@l @50 andicit. by using an amino group (Am nnoC7) at its
5'-end. A marker probe having a fluorescent reporter nolecule (Quasar570)

at its 5 -end was i mmobilized on the glass slide by using an am no group at
its 3'-end. 25A fluorescent intensity on the glass slide was neasured at a
pre-deternined {Toeseasensesof Smtheatisttemplatm upsiigpam primes Ri&s Cdetandwnarker t o t he
extent that the extended dupl ex maintains a double-stranded formand the

t enper at ur'¢seddn HigRAMRIBAFE't he Tm val ue of a hybrid between uncl eaved PTO
and CTQ. Genom c DNAs of Staphyl ococcus aureus (SA) and Neisseria
gonorrhoeae (NG were used. WD 2012/096523PCT/ KR2012/ 000287 The
sequences gfyupstream primer, downstream priner, PTO CTO and narker used
in this Exanple are: 5NG F 5' - TACGCCTGCTACITTCACGCT-3" (SEQ ID NG 10)

NG R 5' - CAARSATAISAATNA G EANTEREE G R ATAA TSR AP & TT@DT GCTCGGCAGAGCGAGTGATA

CCGATCCATTGAAAAA-3’ (SEQID NO: 1)

NG-R  5-CAATGGATCGGTATCACTCGC-3" (SEQ ID NO: 2)

15 NG-PTO-5 5-[Quasar570]JACGACGGCTTGGCTTTACTGCCCCTCATTGGCGTGTTTCG[C3 spacer]-3°  (SEQ

ID NO: 17)

NG-CTO-S1  5-[AminoC7]TTTTTCCTCCTCCTCCTCCTCCTCCTCCAGTAAAGCCAAGCCGTCGT[C3 Spacer]-3’
(SEQ ID NO: 18)

Marker 5-[Quasar570]ATATATATAT[AminoC7]-3' (SEQ ID NO: 19)

20 (Underlined letters indicate the 5-tagging portion of PTO)

Slide preparation was conducted as the same protocol used in Example 5.
The PTOCE reaction was conducted in the final volume of 30 pl containing 2

pmole of synthetic template (SEQ ID NO: 1) for NG gene, 10 pmole of upstream

25  primer (SEQ ID NO: 2), 1 pmole of PTO (SEQ ID NO: 17), and 15 pl of 2X Master Mix
containing 2.5 mM MgCl,, 200 uM of dNTPs, and 2.4 units of H-7ag DNA polymerase
(Solgent, Korea); the whole mixture was applied to a chamber assembled on the
surface of NSB glass slide on which the CTO (SEQ ID NO: 18) was cross-linked. The

slide was placed on /n situ block in a thermocycler (GenePro B4l, China). Five same
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NG PTO 5 5' -[ Quasar 570] ACGACGGCTTGGCT1TACTGCCCCTCALITGECGTG i i CH C3
spacer]-3" (SEQ ID NO 17) NG CTO-S1 5' -[ AminoC71lilt'
CCTCCTCCMCRCCIIGRECT CCAGT AAAGCCAAGCCGTCGI[ C3 Spacer | - 3'PCIORIEQ/I0IRSNO.  18)
SA-F 5' - TGLITAGAALTTGAACAAGGALLITAATC-3' (SEQ ID NO 13) SA-R2

5' - ITAGCTCCTGCTCCTAAACCA-3' (SEQ ID NGO 22) SA-PTO-2 5'-[ Quasar570]
AATCCGACCACGCTATGCTCATTCCGTGGTCAATCALTCGGTTTACH C3 spacer]- 3' (SEQ ID NO
23) 15

SA_CTO 8155|rdb¢\rwe?@%?éﬂéﬁsfrt3@r & enEIS TR FICELl G AREATARACHACEECALT
[ C3 Spacer]-3" (SEQ ID NO rker 5'-[Quasar570] ATATATATAT[ Am noC?] 3
(SEQ | D Ndollaws: (Sumitedéniatardtiorett 835 anddd,cHt1®, R0er 30-dyelggiondo sec at B5Cef PTO
20Sl i de preparation was conducted as the sanme protocol used in Exanple 5.
The cl eava@gse@@k@q Gnb@haer atorhduchier tha rezmsioniofishe gerespending Syclgnumbek ai ni ng

?EZE/B f%ONc%egsiaesL“w%ﬁé'vNa@m%é mfsé? silfd 18Pt o o for b i, pPEREFITaER) WES l‘N’Bs;mrz
2

2x wastor rSa g B Bl wod i Bk, OF° o el atoscadtl Al o

HTaq DNA @&éﬁi@ﬂ@@/@ (M@fél:&l@lnbew@r 9§2 W|t‘hh§‘cahHP§ é%o%g glxagrés%ub?a‘?ﬁéﬁo”

m xture was placed in the real-tine her mocyc , Blo d

reacti on nfludredcensaftetRiatwase andlyded iy teausd of amtdtlwhguaﬁm@ tAalpdls cycl es
of 30 sec at 95C, 60 sec at 63C. The 30 pl of the resulting m xture was

appl i ed t osoftweangnbenePixspre6dl software (Maleaularf RaviceptUSNShe fijlanesendd idtensity whi ch
the CTGCs (SEQ I D NGs: 18 and 24) were cross-linked. The slide was placed on
in situ blWekexpressedras: saotyradians (afien dpgab badigrounsd sitbiractions. @%F%ﬁ@‘i’towas

i ot 1 o SivEsted 196 168 e o HheORueTl. . B MubirSeenee s dlEFE S L
after eac ha\)@?agd%i J%ﬂ.lebéf the duplicated spots.
As shown in Figure 22A and 22B, the fluorescent intensity for the target nucleic
acid sequence was increased depending on cycle numbers (0 cycle_RFU: 1,30410.7;
5 cycles_RFU: 18,939+1,342.1; 10 cycles_RFU: 30,619+285.0; 20 cycles_RFU:
15 56,248+2,208.3; and 30 cycles RFU: 64,645+1,110.2) in the presence of the
template. There was no change of the fluorescent intensity depending on cycle

numbers in the absence of the template.

6-2. PTOCE assay using a dual-labeled CTO

20 The CTO was immobilized through its 3-end and has a quencher molecule

(BHQ-2) and a fluorescent reporter molecule (Quasar570) in its templating portion.

The sequences of synthetic template, upstream primer, PTO, CTO and marker

used in this Example are:

25

NG-T 5-

AAATATGCGAAACACGCCAATGAGGGGCATGATGCTTTCTTTTITGTTCTTGCTCGGCAGAGCGAGTGATA
CCGATCCATTGAAAAA-3"  (SEQ ID NO: 1)

NG-R  5-CAATGGATCGGTATCACTCGC-3" (SEQ ID NO: 2)
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5 the use of Confocal Laser Scanner, Axon GenePi x4100A (Ml ecul ar Devi ce,
US) with scanning at 10 pm pi xel resolution. The fluorescence intensity was
anal yzed W9 2012496328 of quantitative m croarray anal ysi s PEBKRR12000182nePi X
pro6.0 software (Ml ecular Device, US). The fluorescence intensity was
expressed as spot-nedi ans after |ocal background subtractions. Each spot
was duplicated for the test of reproducibility. The 10fl uorescence
intensity indicates the average val ue of the duplicated spots. As
shown in Fi@bices 24 atERcEETERITRCEIRECTCRITGEATERITE [cHpackA 21 IEEQ)ID WBS20)
detected in the presence of SA tenplate. The target signal for NG (RFU

65, 3321. 4) Nevamo-shet g€ {BRiIg-21aTTedTeCTECRERITTEC[ OQuasiss togITpAGIMVRAGCBaGOCATaE e TSI gnal s
for SA (RFU. 15 65, 3020.7) and NG (RFU 65, 3020. 7) were detected in the
presence oflTHAMNoG7&Hpl @E@I NO:21)  Havi ng described a preferred enbodi nent
of the present invention, it is to be understood that variants and

modi fi cat i Y#er t HRetQUaRrSTONATATETARARRPY 1B he(SERIR NQ: 18 t he 20i nventi on may
b t th killed in._thi t, dth f thi
Cnvent i on (B e Rl TR S S BBEIRITICl ai o and thei T equi val ent s.

What is claimed is: 1. A nmethod for detecting a target nucleic acid
sequence froma DNA or a mxture of nucleic acids by a PTOCE (PTO C eavage
and Extension) gdeaprepaatish was bghducted (@8)thé ¥émé @ratbcl ub&RintBagple fucl ei ¢
acid sequence with an upstream ol i gonucl eotide and a PTO (Probi ng and
Taggi ng A i gonuTtheeBTOTE yeactibre mais rrondhiecterp 8t theafiimad IVolyoreuofl 301l dentsiomgr2 ses a
hybri di zi ng nucl eoti de sequence co%'BI enentary to the target nucleic acid

- n

sequence; PRelepofGyhghgiici temwplate (SEQ ID- NQi JetfPh§Geens. o) @Bl PEURgream
hybri di zi ng.nuc) eatide sequence c epeatary to the target nucleic. 10
nerd sbbuetBeCiRO Il §oS 5 e R BPISERR Nandon RSP it 2f Mstendnx
sequence ngns I TR t | C.aCld ce. in the
3' -targeti gdg?]t%@?‘?izgn I s%f ?%(? ?gldaf\?m&'\?ﬁ;st H@g?gr g%'? é}fﬂéﬁ%{?%ﬁoyﬁé@%éﬁnce
and the 5 t,"KorB8Y; tthe 'whdle Hiktuly Wasdappheld Wotd) chiiRbérahgiibliaCheitke aci d
sequence; theé upstream oligonucleotide is |ocated upstreamof the PTQO

15(b) contanface®f N8 dglassuliiteoh wiiich tre GT@ pvasayodsdinked ¢SEQY iR NCaVAY)gThe 5'

nucl ease activity under conditions for cleavage of the PTQ wherein the
upst r eam o$lidgomasciblecsdi e /rosity blecie it @ thierchosydermiGenadrockd, Ehisa)die sdme he PTO
by the enzyne having the 5 nucl ease activi % such that the cleavage

rel easts aSdesYRERPreRAred ifa RYFIng @nalysiso e £JOSE: teagtiprowes GaHfed Bt ehe

5 -t i ti f the PTO indLZi th o d
From the. DbtT o TRt ol Gandtaed 1 S PienbE RSN as2 Eonerei n
the CTO CO@G’EJ—:@%&@ 80 Sec 4O50°C. ﬂf’cére@\te'r@gttﬁ)h)ofi‘h&étﬂtéébgﬁtﬂngwaé Riimber, .
conprising a nucl eof{ de sequence conplementary to the 5 - taggi ng poftion

or a part @ hReSBcglistioh Waspairfie®dupbytthe J3éQfatshfédal )agert Staph@l AReh
portion conprising a nucl eotide sequence non-conpl enentary to the
5' -t aggi ngGenePix4100A (Molecular Device, US) with scanning at 5 pm pixel resolution. The

20 fluorescence intensity was analyzed by the use of quantitative microarray analysis
software, GenePix pro6.0 software (Molecular Device, US). The fluorescence intensity
was expressed as spot-medians after local background subtractions. Each spot was
duplicated for the test of reproducibility. The fluorescence intensity indicates the

average value of the duplicated spots.

25 As shown in Figure 23A and 23B, the fluorescent intensity for the target nucleic
acid sequence was increased depending on cycle numbers (0 cycle RFU:
28,078+460.3; 5 cycles_RFU: 35,967+555.1; 10 cycles_RFU: 44,674+186.0; 20
cycles_RFU: 65,423+2.1; and 30 cycles_RFU: 65,426+2.8) in the presence of

template. There was no change of the fluorescent intensity depending on cycle
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25portion and the 3' -targeting portion of the PTO wherein the fragnent

rel eased fromthe PTOis hybridized with the capturing portion of the CTQ
(d) perfovoi2at/@s28xt ensi on reaction using the resultanPCHKR20E/®0285 (C)
and a tenpl at e-dependent nucleic acid polynmerase; wherein the fragnment
hybridi zed with the capturing portion of the CTOis extended and an
extended duplex is forned; wherein the extended duplex has a Tm val ue

adj ustable by (i) a sequence and/or |length of the fragnent, (ii) a sequence

and/ or | englfibék it R dBckide dfithé terhpigtesequence and/ or | ength of the fragnent
and the sequence and/or length of the CTO 5(e) nelting the extended dupl ex

over a range of tenperatures to give a target signal indicative of the
presence of the extended dupl ex; wherein the target signal is provided by
(i) at least one label linked to the fragnent and/or the CTO (ii) a | abel

incorporated into the extended dypl ex durin he extension react] (i)
a | abel i nEMB'(?rL&:t%HDF%'qmegéﬂﬂg'ﬁg%&aWI’g@ﬂﬁrq *ﬂ@eﬁﬁ%ﬁgiwq:%acti on
and a 10l a | i d 1 h A t .and e . '
Mt er cal a P SHBhsiybodp iR BERHN AE 2 reCrerbfiby SR Rire 97 ng < ne
target si Q?ﬁéﬁoaw@ eby the presence of the extended duplex indicates the
presence of the target nucleic acid sequence. 15 2. The nethod according to
claim1l1, wherein the presence of the extended duplex is detected by nelting
anal ysi s. 3. The method according to claim1, wherein the nelting of the
step (e) is fol Wewadthey ekgrninedi rpaltiplentargetgdatectioheby KTGEE assgnabmprisingat i ve
of the presence of the extended 20duplex. 4. The method according to claim
3, wher ei nenthpoiRy defection a5 RrAietsIMiedLeMAgFreR aNgnige@E@Yed by hybri di zati on
S S wea ny T HEaEsd ASCELALa? oChebarid velllPufh AR Srok 8l %8a 4 97
aliquot of the resultant was taken into a microarray where CTO was immobilized. After
extension reaction, the presence of the extended duplex was detected by end-point
detection at a pre-determined temperature.
Taq DNA polymerase having 5’ nuclease activity was used for the extension
15  of upstream primer and downstream primer, the cleavage of PTO and the extension of
PTO fragment.
The extended duplex formed during the assay was designed to have a single
label. The single label in the extended duplex was provided by PTO labeled with
Quasar570 as a fluorescent reporter molecule at the 5-end of the PTO. PTO and
20 CTO are blocked with a carbon spacer at their 3-ends.
The CTO has poly(T)s as a linker arm and was immobilized on a glass slide by
using an amino group (AminnoC7) at its 5*-end. A marker probe having a fluorescent
reporter molecule (Quasar570) at its 5-end was immobilized on the glass slide by

using an amino group at its 3’-end.

25 A fluorescent intensity on the glass slide was measured at a pre-determined
temperature. The detection temperature was determined to the extent that the
extended duplex maintains a double-stranded form and the temperature is higher
than the T, value of a hybrid between uncleaved PTO and CTO. Genomic DNAs of

Staphylococcus aureus (SA) and Neisseria gonorrhoeae (NG) were used.
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one | abel linked to the fragnment and/or the CTO. 6. The nethod according to
claim5, wherein the fragnent or the CTO has an interactive dual | abel
conpri si ngoaorxapesBer nol ecul e and a quencher nol ecul e; PBZ/KRMD2/000287

2012/ 096523PCT/ KR2012/ 000287 wherein the nelting of the extended duplex in
the step (e) induces change of a signal fromthe interactive dual |abel to
give the target signal in the step (e). 7. The nethod according to claim5,
wherein the fragnment has one of an interactive 5 dual |abel conprising a
reporter nolecule and a quencher nol ecule and the Cl O has the other of the
interactive dual |abel; wherein the nelting of the extended duplex in the
step (e) inducestheh n€ds af Sipgtréamf paries hdowrstrea@c priver, dPED, ICTDeklsd t o
give the target signal in the step (egl. 108. The nethod according to claim
5, wher ei nmatier Lisealginghis Egampleear€TO has a single | abel, and the nelting of
the extended duplex in the step (e) induces change of a signal fromthe
single label to give the target signal in the step (e). 9. The net hod
according to claim5, wherein the | abels are positioned to the extent 15

that when YRy B RFOETSHATEACGNE] &FREP ¥F¥A%nd the CTO is formed, the
hybri d dOeﬁG-EOtst@l&‘f@ﬁﬁ‘&%ﬁ@ﬂf&@@ﬁé’ Fgg@ﬁsN%?ét he step (e). 10. The nethod

according to clairm rein positioned to the extent that

when a hybgd prdoet wqemasaEbow&@l\@@w%Gmc&a@tcaf@n%&ﬁw@fcﬁ%&cerf-be @ydri d
20gi ves a non-target signal in the step (e); wherein the Tmvalue of the
ext ended dwNcexz7)i s higher than that of the hybrid between the uncl eaved PTO
and the CTO 11. The nethod according to claim1l, wherein the target

si gnal is KE-OM-SledSHymiao@ITRGTECTLAIGETCCTET EETEOTCAA@AAGICANGEE@E CEN Ex$rdesd-30upl ex

during the extension reaction;
10 (SEQID NO: 18)

SA-F  5-TGTTAGAATTTGAACAAGGATTTAATC-3" (SEQ ID NO: 13)
SA-R2  5-TTAGCTCCTGCTCCTAAACCA-3' (SEQ ID NO: 22)
SA-PTO-2  5-[Quasar570] AATCCGACCACGCTATGCTCATTCCGTGGTCAATCATTCGGTTTACG[C3 spacer]-
3’ (SEQID NO: 23)
15 SA_CTO-S1 5"-[AminoC7]TTTTITCTTCTTCTTCTTCTTCTTCTTCTTCCCCCAGCATAGCGTGGTCGGATT [C3
Spacer])-3’ (SEQ ID NO: 24)
Marker  5-[Quasar570]ATATATATAT[AminoC7]-3' (SEQ ID NO: 19)

(Underlined letters indicate the 5'-tagging portion of PTO)

20 Slide preparation was conducted as the same protocol used in Example 5.

The cleavage reaction was conducted in the final volume of 50 pl containing
each 100 pg genomic DNA of SA and/or NG, each 10 pmole of downstream primer
(SEQ ID NOs: 10 and/or 13), each 10 pmole of upstream primer (SEQ ID NOs: 2
and/or 22), each 1 pmole of PTO (SEQ ID NOs: 17 and/or 23), and 25 pl of 2X Master

25 Mix containing 2.5 mM MgCl,, 200 pM of dNTPs, and 4 units of H-7ag DNA
polymerase (Solgent, Korea); the tube containing the reaction mixture was placed in
the real-time thermocycler (CFX96, Bio-Rad); the reaction mixture was denatured for
15 min at 95°C and subjected to 60 cycles of 30 sec at 95C, 60 sec at 63°C. The 30

ul of the resulting mixture was applied to a chamber assembled on the surface of NSB
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25 wherein the incorporated single | abel is Iinked to a nucl eotide

i ncor porated during the extension reaction; wherein the nelting of the

ext ended WORPEX9323t he step (e) induces change of a si gREI/HR20/@0M287si ngl e
| abel to give the target signal in the step (e). 12. The met hod accordi ng
to claim1l, wherein the nucleotide incorporated during the extension
reaction has a first non-natural base and the CTO has a nucl eotide having a
second non-natural base with a specific binding affinity to the first

non- nat ur aglafpgte on whidh tid eTOB (SR IBMF dBRdI 2t) Gherk Frdbs-IIMK&T. aThe dibe
target signhal is provided by a label incorporated into the extended dupl ex

during thewexbpkined on Mesiftblodck mnal tikerhmloydler! (Gekelrot BAL [Ghirka).aOme axteasiot or t he
CTO and the incorporated label is |linked to a nucleotide incorporated

duri ng t hereagtiamwisrallowed foro20 mineatddsC + Meen e blides| wergrwashad 10 distilled act i ve
dual | abel of a reporter nolecule and a iguencher nol ecul e; V\her%iirggéhe

mel ting of Wetek ab8% Erfaed nainpies image; arguisttiop Was)carmig R 2R SAYL VAT Y gnal

14, the metkaread e e’ Ranieh o bRETbHE trEleDd: Paded BN ot ot
duri ng 15 SAEEX'AYY B BRASEIANIGTIE floFteRtenRALY Aes bR8R-aDSy Khe CTO

has a nucl eot | avi a second non-natural base w speci fi1c’ bindi ng

affinity tgse dreqidntititiva Oficridakrsy éhalrsis softwdre, GEMePiXTPEJBCN sefeeare (Mafectiar cl ai m
1, wherein the PTO and/or CTO 1s blocked at its 203 -end to prohibit its

ext ensi on. Devie, US)e Tivetfhmdesaenaer idtemgity ovas| eiprested \als espet-mediaes 1after rlecain
ol i gonucl eotide is an upstream priner or an upstream probe. 2517. The

net hod accladiproynd suetragtions. Eagh spel wag dupligpted fanthedestyefapiodueibiliy. fhe a

partial -overl apped sequence. with the 3' -targetin rtipn of the PTO 18.
The nethod™§¥ B?%'Btetg'é' |n§|C\£r?ief,th‘\’7\/ﬁ\é9r@9enva? ouﬁggﬁugg%tt%q%pé) ucleotide is
| ocated adjacently to the PTOto the extent that the upstream

ol i gonucl eoti de i nduces 94

As shown in Figure 24, the target signal for SA (RFU: 65,192+198.7) was
detected in the presence of SA template. The target signal for NG (RFU: 65,332+1.4)
was detected in the presence of NG template. Both target signals for SA (RFU:

15 65,302+0.7) and NG (RFU 65,30210.7) were detected in the presence of both

templates.

Having described a preferred embodiment of the present invention, it is to be
understood that variants and modifications thereof falling within the spirit of the
20 invention may become apparent to those skilled in this art, and the scope of this

invention is to be determined by appended claims and their equivalents.
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WO 2012/ 096523PCT/ KR2012/ 000287 cl eavage of the PTO by the enzyne having
the 5 nucl ease activity. 19. The nmethod according to claim 16, wherein
t he upst rEai9sEs | nduces through its extended strand PCHEKRDEAMO2$E of t he
PTO by the enzynme having the 5 5nuclease activity. 20. The nethod
according to claim1l1, wherein the capturing portion conprises at its 5 -end
part a nucl eoti de sequence conplenentary to a 5 -end part of the
3'-targeting portion of the PTO 10 21. The nethod according to claim 20,
wherein the nucleotide sequence conplenmentary to the 5'-end part of the

3" -targeti Whitqscidied ist he PTO is 1-5 nucleotides in length. 1522. The

nmet hod according to claim1l, wherein the nethod further conprises repeating
the steps {a)A tiethod foy déditiyg a tarpet Mclai adid deqirhue frbmoa DNAtoreenixt@p®fit | ng
cycl es. 23. The nethod according to claim1l1l, wherein the steps
(a)-(f) areugkic hodsibyiaiPROSEZBT@ &lnavage arebBdension)iassayepempiising:eact i on
vessels. 24. The nmethod according to claim1, wherein the nmethod is

per f or ned t o(@ethybtidiging ItB%l§r9Qtvﬁ¥C &rqu{ea%mth @ﬂdJPéYréa’H(ﬂ"Eo@@ﬁﬁ’E'ﬂ% es;
wh [ th t | t t t
ol i gonucl eot 55@ 5 B rBPRY e < 1Rine” Bl Aleotnl; “Fbe ol FESERR and

the CTO corrp cI@Btldeﬁ&ﬁgprg%aWBﬁdlpog bnae&?@sequﬁace c-BFI‘g)éésFﬁér? V\g Bher di ng

to claim 24, erelrn I'ng 'ons of t'he at types of

PTGCs have thﬁar?&errhhtléi@ 268 &Rt Rce; OtHRAPTOOb@prises\\d) a -targetm% portion
2012/ 096523PCT/ KR2012/ 000287 26. The net hod accor di ng to claim 24, wherein

t he ext endedcatuptisingea hybridizisg andeotiiet sequbreceatompbearséntbmyotot the ¢arget nmdllact ar get
nucl ei ¢ acid sequences have different Tm val ues from each other.

10 acid sequence and (ii) a 5'-tagging portion comprising a nucleotide sequence non-
complementary to the target nucleic acid sequence; wherein the 3'-targeting
portion is hybridized with the target nucleic acid sequence and the 5-tagging
portion is not hybridized with the target nucleic acid sequence; the upstream
oligonucleotide is located upstream of the PTO;

15 (b) contacting the resultant of the step (a) to an enzyme having a 5 nuclease
activity under conditions for cleavage of the PTO; wherein the upstream
oligonucleotide or its extended strand induces cleavage of the PTO by the enzyme
having the 5’ nuclease activity such that the cleavage releases a fragment
comprising the 5-tagging portion or a part of the 5-tagging portion of the PTO;

20 (c) hybridizing the fragment released from the PTO with a CTO (Capturing and
Templating Oligonucleotide); wherein the CTO comprises in a 3’ to 5’ direction (i) a
capturing portion comprising a nucleotide sequence complementary to the 5'-
tagging portion or a part of the 5"-tagging portion of the PTO and (ii) a templating
portion comprising a nucleotide sequence non-complementary to the 5-tagging

25 portion and the 3'-targeting portion of the PTO; wherein the fragment released
from the PTO is hybridized with the capturing portion of the CTO;

(d) performing an extension reaction using the resultant of the step (c) and a

template-dependent nucleic acid polymerase; wherein the fragment hybridized

with the capturing portion of the CTO is extended and an extended duplex is
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527. The method according to claim24, wherein the at |east two types of
the target signals corresponding to the at | east two types of the target
nucl ei c WDRRAYRAces are provided fromdifferent type®PCHKR28124108287r om
each ot her. 28. The nethod according to claim 24, wherein the at | east
two types of the target 10signals corresponding to the at |east two types
of the target nucleic acid sequences are provided fromthe sane type of
| abel s. 29. The nmethod according to claim 28, wherein the at |east two

type of the famggl whéerdhithe &xirides RIRPrK Mas bOr ! iffudhdiLgable ByVE) 4 ¥&rened the
target nucleic acid sequences 15 are provided from'the sane type of |abels;

wher ei n t he axd/engadthdefithe frragment, (i) sexflience drd/bhiength dfeths ICTOve (iiiy plees  of
the target nucleic acid sequences have different Tm val ues from each other.
30. The net hsafiugocoard/ay langthic bhithe fragmaet and thensequence eadronllength g€ thot i de
is an 20upstream prinmer and the step (b) uses a tenpl ate-dependent nucleic
aci d pol yrrerﬁ};@? for the extension of the upstream priner. 31. The net hod

S ther oot abi Bt EREudd AGa BN Mkl Sl peR B 1 R et Y 'S
25nucl ease. siéﬁal indiGtivB LR BE SeEHHI R Ind BxtBh@d UunlextHFHRR t@%&r@rﬁgﬂgﬁ@{ o

nucl ei ¢ acid sequence conprises a nucleotide vari at'i on.
accordi ng tOisodr@ViHédlbygf)%T%d%t ohe 14BEDlinked tanteifligaret aRd/edahe iCTO, Gii)-a end or

its 3'-end onto a soli1d substrate. 34. The nethod according to claim 33,
wher ei n t he labelgietorpogte inke ther exteddat! Byplex during the extension reaction, (iii) a
label incorporated into the extended duplex during the extension reaction and a
10 label linked to the fragment and/or the CTO, or (iv) an intercalating label; and
(f) detecting the extended duplex by measuring the target signal; whereby the
presence of the extended duplex indicates the presence of the target nucleic acid

sequence.

15 2. The method according to claim 1, wherein the presence of the extended duplex is
detected by melting analysis.

3. The method according to claim 1, wherein the melting of the step (e) is followed
by hybridization to give the target signal indicative of the presence of the extended

20 duplex.

4. The method according to claim 3, wherein the presence of the extended duplex is

detected by hybridization analysis.

25 5. The method according to claim 1, wherein the target signal is provided by at least

one label linked to the fragment and/or the CTO.

6. The method according to claim 5, wherein the fragment or the CTO has an

interactive dual label comprising a reporter molecule and a quencher molecule;
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5single label linked to the fragnent or by a single |abel incorporated into
t he extended dupl ex during the extension reaction. 35. The nethod according
to any orO0a@P124196328s 1- 34, wherein the nethod is perfor REA/KRR0IAW0I$7esence
of a downstreamopriner. 10 36. A nethod for detecting a target nucleic
acid sequence froma DNA or a m xture of nucleic acids by a PTOCE (PTO

Cl eavage and Extension) assay, conprising: (a) hybridizing the target

nucl eic acid sequences with a priner pair conprising an upstream priner and
a downst r egRedein the'matisl af IRE@xtdhdedidipler MithEadah (&) indizeSchayeustleagiale) ;
wherein each of the upstream prinmer and the downstream prinmer conprise a
hybri di zi nfyomuthé étenadtivesadial abeletoagvepthe rangetisigndl dn tHeestém (et nucl ei ¢ aci d
sequences; the PTO conprises (i) a 3'-targeting portion conprising a
hybri di zi ng nucl eoti de sequence conplenentary to the target nucleic acid

on- 20 comMebsiba pCiGaRds carcr Whata: e fed e@ér%%méi-ffia&ﬁg%% V8 he
and tne 5 SouLTel EtRsnd PR ol ald B TR RIS fd Bl cRIRE BT

sequence; #RGHREQY e [AEAATL B WARN WIGCHIRL TRAMP ! TRexihilel oS! r eam

primer; whereln the PTO | at its 3 -end to prohi Its extension;

25(b) cont getdtay (&hmduesudHangé obfa ditreal FiopP thetintéractive! QuEp el Hegioa drat
nucl ei ¢ acid pol ynnerase having a 5 nucl ease activity under conditions for
ext ensi on wgdtisignptinrtbe stepr(d).f or cl eavage of the PTQ wherei n when the PTO
is hybridized with the target nucleic acid sequence, the upstreamopriner is
extended and the extended strand i nduces cl eavage of the PTO by the

t enpl at e- depepdent  nucl ei ¢. aci d, 97 _ pal yner.ase havi he 5.  nucl ease
not v, 14 sthen e REo eoErEing dgaiam & e hr LgaERnt Bo s £ AgS pranoe
5' -taggi ng rtj r. & f ' L Q0. ; C)
hybri di zi nlagghéhgﬁggnr%n_'@éf g@sgﬁgﬁegjmaxﬁ;ﬂ%gk{;%e& e_h (gj‘&fﬁ 60%%?1?)%?@% orfg;g and 5
Tenpl at i ngsighdl GRR-HeaftdicRbel tohRleehd tirget $idial Frpﬂ?érﬁc%??a_)! na3 tosd
direction (1) a capturi'ng portion conprising a nucleotide sequence
conplenentary to the 5 - tagging portion or a part of the 5 -tagging
portion of the PTO and (ii) a tenplating portion conprising a nucleotide
sequence n%n-enpeided racearding do wchim S, wherrin the labels iase pesiioneddo3he extegbt i ng
portion; wherein the fragnent rel eased fromthe PTQ . .

15 that when a hybrid between an uncleaved PTO and the CTO is formed, the hybrid

does not give a non-target signal in the step (e).

10. The method according to claim 5, wherein the labels are positioned to the extent
that when a hybrid between an uncleaved PTO and the CTO is formed, the hybrid
20 gives a non-target signal in the step (e); wherein the T, value of the extended duplex

is higher than that of the hybrid between the uncleaved PTO and the CTO.

11. The method according to claim 1, wherein the target signal is provided by a

single label incorporated into the extended duplex during the extension reaction;

25  wherein the incorporated single label is linked to a nucleotide incorporated during the
extension reaction; wherein the melting of the extended duplex in the step (e)

induces change of a signal from the single label to give the target signal in the step

(e).
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10i s hybridized with the capturing portion of the CTQ (d) perform ng an
extension reaction using the resultant of the step (c) and the

t enpl at e-wWeperdesiz3nucl ei ¢ aci d pol ynmerase; wherei n t he PCTAR2E/00M380Br i di zed
with the capturing portion of the CTOis extended and an extended duplex is
formed; wherein the extended duplex has a Tm val ue adjustable by (i) a
sequence 15 and/or length of the fragnent, (ii) a sequence and/or |ength
of the CTOor (iii) the sequence and/or length of the fragnent and the

sequence apgl/ omhel Rawbd #Rtorting to1@im {B)wiERbhithe rdutRotdd flrégdrateddarngver a
range of tenperatures to give a target signal indicative of the presence of

t he extendéwd ekterhsion resatioreihas tahfirst aogeatatwalgbade add thes (POokasde chualeotide at

| east one | abel linked to the fragnent and/or the CTQ, (ii) a |abel

i ncor por at Ravindnesecond agnvatisel khspl with @uspeaifict bindieg taffirityote Ehealiest dvn- (iii)
a | abel incor ated into the extended duplex during the extension reaction
and a Iabe’l‘atP%ﬂ[?%"‘(T-to the fragment and/or the CTO or (iv) intercalating

| abel ; 5and (f) detecting the extended dupl ex by measuring the target

si gnal ;" whereby the 25presence of the extended dupl ex indicates the

presence of{ el AR MUGKAICAER ICHRAGH tne Targl Sl RoHoABERTYI 90 10

cl aim 36, n urt conprise repeati e steps (a)-(b),

(a)-(d) orlab@)inddrporatediintdethatententie® duplek Waang Hapeabhdich ABctichy shd>a labeB8. Th
met hod according to claim36, wherein the nethod is perfornmed to detect at

| east two linkpedstoaothet faagpaentnarcl/an thea€d, sedjubedecrpdrategolabdlhie lmkedhdd a
according to claim38, wherein the at |east two t%/pe_ of the target signals
cor r espondiyfipotige inrorparated A4iing ke exteasionfeacken;: wheyein thedweilebale pee an

sequences are provjded fromthe sane type of |abels; wherein the. extended
Gunl oxtc” cateradie b foel O h Ortd Thabcle aRt 1, Bdsher HEclef wherIE Kt ¢ aci d
sequences Jﬂ@l\ﬁﬁg of the extended duplex in the step (e) induces change of a signal from the

interactive dual label to give the target signal in the step (e).

14. The method according to claim 13, wherein the nucleotide incorporated during
15 the extension reaction has a first non-natural base and the CTO has a nucleotide
having a second non-natural base with a specific binding affinity to the first non-

natural.

15. The method according to claim 1, wherein the PTO and/or CTO is blocked at its

20 "-end to prohibit its extension.

16. The method according to claim 1, wherein the upstream oligonucleotide is an

upstream primer or an upstream probe.

25 17. The method according to claim 1, wherein the upstream oligonucleotide has a

partial-overlapped sequence with the 3'-targeting portion of the PTO.

18. The method according to claim 1, wherein the upstream oligonucleotide is

located adjacently to the PTO to the extent that the upstream oligonucleotide induces
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10di fferent Tn, values fromeach other. 40. A nethod for detecting a
target nucleic acid sequence froma DNA or a m xture of nucleic acids by a
PTOCE (PM™MO@IEAP6Fé and Ext ensi on) assay, conprising: PCT/KR2012/(4y287
hybridi zing the target nucleic acid sequence with an upstream

ol i gonucl eotide 15 and a PTO (Probing and Taggi ng A igonucl eotide); wherein
t he upstream ol i gonucl eoti de conprises a hybridi zi ng nucl eoti de sequence
conplenmentary to the target nucleic acid sequence; the PTO conprises (i) a
3 -tar getlﬂélavB?ébfﬂié Qb el dityme Mabing @he 5HliclRSd 8@hvitfle sequence
conplenentary to the target nucleic acid sequence and (ii) a 5 -tagging
portion conprising a nucleotide sequence non- 20 conplenentary to the
target nucleic acid sequence;, wherein the 3'-targeting portion is

hybri di zedl%i t Fhe Heethed gascordingl & ¢laii 16,swihaeire dheyripstraemspameag didi§epor ti on
is not hybridized with the target nuclei cid sequence; the upstream

ol i gonuci eBYeYER it EWB%CCat@m@ﬁ}eegﬁ?V@ﬂetqcﬁéﬁ@f O Py)he SREHRE ?’ﬁ\fj Qﬁée%

resul t gnt th (a) to an enzyne having a 5 nuclease 25 activity
under gsgndﬂqec?ﬁgaah/w'cleavage -of- the -PTO wherein the upstream

ol i gonucl eotide or its extended strand induces cl eavage of the PTO by the
enzyne having the 5 nuclease activity such that the cleavage rel eases a
fragment czorpriheiméthbdacdrdib@ s tiaon powherelh Bie cpi@ing poftidmenipriskaggitag
portion of the PTQO (c) hybridizing the fragment released fromthe
PTO wi t h a5"@h0 paBap hucleotifeaseduetEatopipiemerdar@ togohteridepsrt diedhe 3ittangetimg t he
CTO conprises in a 3 _to 5 direction (i) a capturing portion conprising a
nucl eot i dePBefuehie FIGhpl enentary to the 5 - tagging portion or a part of
the 5 -tagging portion of the PTO and (ii) a tenplating portion conprising
a nucl Botide sequence non-conpl enentary to the 5'-tagging portion and the

3'-targeti p i t iNnskh d t he
PTO i s hybir]flg'di gl'éh% \?\ﬁtﬁ&% h%%é’g%’ﬁu%gra@ér g P’oﬁ”%ﬁ[raﬁ w&?§§ Fs)eé{u}feﬁﬁ@m ng an
ext ensi on ¢RfAérhEtals td'dhd 2eh@Sprt dRtthef 3 ithQehE Poktion 8NEhé PTO is 1-5

t enpl at e- dependent nucl eic acid pol ynerase; wherein the fragnment hybridi zed
w th the caydestidegindendgthon of the CTO is extended and a extended duplex is
formed; wherein the extended duplex has a Tmval ue adjustable by (i) a
sequence 10 and/or length of the fragnent, (ii) a sequence and/or |ength

of the CTQor (iii) the sec]'u,ence and/ or | ength of th&@fgrg‘hrrent and, t he
sequentie afh/ ofhe dnRihed FccerdingactieoclaiReteiiefei 8%t @R gﬁ\eéﬁom%"é?%es a

target signal_.b &_%) at 8 e | abel, }d nked t f t Lor CTO,

(i) al abr@Pe?tWéo O§tg;?sek]aeiia(§§,0?a{3§gi 8&3%%&2&"@118%&&”%@?'{' %ﬂpﬁ% ree}?gﬁrﬁ on

reaction, (Jik) at least one |abel linked to the fragnent 15and/or CTO and
fek

a label incorporated into the extended duplex during the extension reaction

or (iv) intercalating label; and (e) detecting the extended dupl ex by

measuring the target signal at a predeterm ned tenperature that the

ext ended d2il Ghemaethbdiancoriing td alairh &, sthepeinldbe Swpm(a)feeebperfirenadriesence of

t he extended dupl ex indicates the
20 reaction vessel or in separate reaction vessels.

24. The method according to claim 1, wherein the method is performed to detect at

least two types of target nucleic acid sequences; wherein the upstream

i leotid , ¢ least two 1 f oli leotides. the PTC i I
25 least two types of the PTOs and the CTO comprises at least one type of the CTOs.

25. The method according to claim 24, wherein the 5-tagging portions of the at

least two types of PTOs have the identical sequence to each other.
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20presence of the target nucleic acid sequence. 41. The nethod according to
claim40, wherein the target signal provided by the extended duplex is

gi ven durwAgotdeedt ensi on of the step (d); wherein a hPbTIKR20EY008287 an
uncl eaved PTO and the CTO does not provides a non-target signal. 25 42.
The net hod according to claim40, wherein the target signal provided by the
extended duplex is given by the hybridization of the fragnment and the CTO
in the step (c) and the formation of the extended duplex maintains the
target sigpgl iThd hRefoBP acébrdinghes etigin® Dy brikkrEAt Wee Neddndsdc| dpisds PTO
and the CTO does provides a non- 100 WO 2012/ 096523PCT/ KR2012/ 000287

t arget si goatespovtingeio thédat frast dwe ntypaseof thenfaegeattnuckeid acithisghaeencehdave he
hybrid' s Tr, value mnus 10C 43. The net hod according to claim 40,
wher ei n t hdffergny & valughtipmieachotherded by at 5l east one |abel linked to the
fragment and/or the CTO  44. The nethod according to claim43, wherein the
fragnment has an interactive dual |abel conprising a reporter nolecule and a

Thesteh (& e TnalibERElahbTo Defih o, ARBA R o4 86 BAERE o st 00 "
to give t hggﬁ%}%es?hgﬂﬁéa 6k Bi‘%a@txﬁ/@dlq%@s @F@I‘l@’éargg(: i acill RRqlieHcas!

signal. 4 e ne ccording to claim43, whe n the CIO has an

i nteracti veredaliddderh difearpnti typéttofaabicipPomesctiptieeul e and a quencher
nol ecul e; wherein the hybridization of 15 the fragnment and the CTO in the

step (c) induces change of a signal fromthe interactive dual |abel to give
the target sign and the extended duplex maintains the target signal.

|
46. The meho gdﬁ@h@d @gcqréine|taicwrué’,ﬁf)whéfeé1 the pleleast dvrLxpesnofi thederget i ve

I o
dua 10  signals corresponding to the at least two types of the target nucleic acid sequences

are provided from the same type of labels.

29. The method according to claim 28, wherein the at least two type of the target
signals corresponding to the at least two types of the target nucleic acid sequences
15 are provided from the same type of labels; wherein the extended duplexes
corresponding to the at least two types of the target nucleic acid sequences have

different T, values from each other.

30. The method according to claim 1, wherein the upstream oligonucleotide is an
20 upstream primer and the step (b) uses a template-dependent nucleic acid polymerase

for the extension of the upstream primer.

31. The method according to claim 1, wherein the enzyme having the 5’ nuclease

activity is a thermostable DNA polymerase having a 5’ nuclease activity or FEN

25  nuclease.

32. The method according to claim 1, wherein the target nucleic acid sequence

comprises a nucleotide variation.
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20 | abel s conprising a reporter nolecule and a quencher nol ecul e; wherein
the extension of the fragnent in the step (d) induces change of a signal
from t he wot2er2a96328e dual | abel to give the target si gn®CI/KR2012/7287The
met hod according to claim43, wherein the fragnment has one of an 25
interactive dual |abel conprising a reporter nolecule and a quencher

nol ecul e and the CTO has the other of the interactive dual |abel; wherein
t he hybridization of the fragnment and the CTOin the step (c) induces
change of 33 sitRdhethb@3édi@ing 6 BlaRtlll Whedittdhe! GIEEls iffhobilived tHSudtRRgst
signal and the extended duplex maintains the target signal.

2012/ 096528k v iR2&Ehd/ did) 3 8dlid sibstrdfee net hod according to claim43, wherein
the fragnent or the CTO has a single |abel and the hybridization of the
fragnent and the CTOin the step (c) induces change of a signal fromthe

interactive dual | abel tog%i ve the target signal and the 5ext e_ndad dupl ex
mai nt ai ns $he hergethod;asrerding teoclaim, &3 nwhersi thecraat igneb i PvVided Py ner ei n

t he CTQ hag i.ngl.-e |.ab nd t he extensi f.the fra nt.in th tep
(a1 nducesndn Tl lieadd the ARimerCentS & SRR hedtporp BT Oune Retepbed ey
signal. 10 ; ing to claim43, wherein the |abels are
posi ti oneddlf%&t%%A}@xtﬁg%?&ﬁﬁgﬁ?ﬁlcg%ma hybri d between an uncl eaved PTO and
the CTOis formed, the hybrid does not give a non-target signal in the step
(d). 1551. The method according to claim43, wherein the |abels are

posi ti oned35.0 Tine mneethedhtactdrdingwtoeany dnebof dladires viegd) eheneire ltea\neeth&d @ and
the CTOis formed, the hybrid gives a non-target signal in the step (d);
wher ei n t heerfarmed in thegpresance of B elowaskreAM PERE.s hi gher than that of the
hybrid between the uncl eaved PTO and the CTO 2052. The nethod according to
claim 4, wherein the target signal is provided by a single |abel

i ncor por at i [ I .on:
wherern i AoBEalseToERERRET a SERETuAE b R E K RT s g ThiRtlre

i ncor por at gy gid st tiFa PYOCE BT CleRRjel 4 ExYIRIOR) Bsdal ScobihrRimgl on of the
fragment in the step (d) i1nduces change of a signal fromthe Single |abel
to give the {&rgxbridiziogahe tangdthrickiceatid sbquencds vith a phmenpainesmprighey & ng t o
claim52, wherein the nucl eotide incorporated during the extension reaction
has a first opstreast yricler exsle a adawvristrea@T@imes aad na ATEo(Probing aandchdaggingcond
non-natural base with a specific binding affinity to the first non-natural

base. 15 Oligonucleotide); wherein each of thé upstream primer and the downstream
primer comprise a hybridizing nucleotide sequence complementary to the target

nucleic acid sequences; the PTO comprises (i) a 3-targeting portion comprising a

hybridizing nucleotide sequence complementary to the target nucleic acid

sequence and (ii) a 5-tagging portion comprising a nucleotide sequence non-

20 complementary to the target nucleic acid sequence; wherein the 3’-targeting

portion is hybridized with the target nucleic acid sequence and the 5-tagging

portion is not hybridized with the target nucleic acid sequence; the PTO is located

between the upstream primer and the downstream primer; wherein the PTO is

blocked at its 3’-end to prohibit its extension;

25 (b) contacting the resultant of the step (a) to a template-dependent nucleic acid
polymerase having a 5’ nuclease activity under conditions for extension of the
primers and for cleavage of the PTO; wherein when the PTO is hybridized with the
target nucleic acid sequence, the upstream primer is extended and the extended

strand induces cleavage of the PTO by the template-dependent nucleic acid
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54. The nethod according to claim40, wherein the target signal is provided
by a | abel incorporated into the extended dupl ex during the extension
reacti on WOQOR/96328] |inked to the fragnment and/ or the CTOKREYWDI87t he

| abel incorporated is |inked to a 5 nucl eotide incorporated during the
extension reaction; wherein the two |abels are an interactive dual |abel of
a reporter nolecule and a quencher nol ecul e; wherein the extension of the
fragnent in the step (d) induces change of a signal fromthe interactive

dual |abel t Pﬁlgh\é%séh%virgrﬂfé 55indBakse &Ry SRR At AE devagdliraeades &1 ai m

54, wherein e nucl eoti de incorporated during the extension reaction has a
first non-nafragmbntbeseprising thees'Eddgimp porionLat! £ phitdte tha \&-teggingspartion of
non-natural base with a specific binding affinity to the first non-natural.
15 56. The nthewdd;according to claim40, wherein the PTO and/or CTOis

bl ocked at its 3'-end to prohibit its extension. 57. The nethod according
Lo ol ai m 40, (GhdWBHRZNs hé SEEMERhTerased nen S0 PR WIth ArC TR LeRRHG Fither of

t be. 20. 58  Th hod ing to claim 49, . in.th
st resin ot 1 DRAEng Plentcedit DRbA AR Hferste b8 T E RSl ©
that th n ol j i e he.

v ng the rRamd doARA EoREHIM 5, Bikede o BNAA° SplhnlEh BYnefe. SV
wherein the tR@in iGH biM® paft i e 5'-tafsiny Portidnsofaké PTOEMdS(iY atemplating

cl eavage of the O by the enzyme having the 5 nuclease activity. 60. The
met hod accor donigntanmgriging & Guchlebtidec sequehes mob{rooh pfementay tootimgr 5'tegging
repeating the steps (a)-(b), (a)-(d) or (a)-(e) with denaturation between
repeati ng cypprign and the 3-targeting portion; wherein the fragment released from the PTO
10 is hybridized with the capturing portion of the CTO;
(d) performing an extension reaction using the resultant of the step (c¢) and the
template-dependent nucleic acid polymerase; wherein the fragment hybridized
with the capturing portion of the CTO is extended and an extended duplex is
formed; wherein the extended duplex has a T,, value adjustable by (i) a sequence
15 and/or length of the fragment, (ii) a sequence and/or length of the CTO or (iii) the
sequence and/or length of the fragment and the sequence and/or length of the
CT0;
(e) melting the extended duplex over a range of temperatures to give a target
signal indicative of the presence of the extended duplex; wherein the target signal
20 is provided by (i) at least one label linked to the fragment and/or the CTO, (ii) a
label incorporated into the extended duplex during the extension reaction, (iii) a
label incorporated into the extended duplex during the extension reaction and a

label linked to the fragment and/or the CTO, or (iv) intercalating label; and
(f) detecting the extended duplex by measuring the target signal; whereby the

25 presence of the extended duplex indicates the presence of the target nucleic acid

sequence.

37. The method according to claim 36, wherein the method further comprise

repeating the steps (a)-(b), (a)-(d) or (a)-(f) with denaturation between repeating
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61. The nethod according to claim40, wherein the steps (a)-(e) are
performed in a 5reaction vessel or in separate reaction vessels. 62. The
met hod acwordi2ngei2d cl ai m 40, wherein the nethod is perPOTARI2P02STect at
| east two types of target nucleic acid sequences; wherein the upstream

ol i gonucl eoti de conprises at |east two types of oligonucleotides, the PTO
conprises at 10 least tw types of the PTOs, and the CTO conprises at | east
one type of the CTO 63. The nethod according to claim40, wherein the
upstream ogjcg@nucl eotide is an upstream prinmer and the step (b) uses a

t enpl at e- dependent nucleic acid polynerase for the extension of the
upstreamprinmer. 15 64. The nethod according to claim40, wherein the CTO
is inmmobilized through its 5 -end or 3'-end onto a solid substrate. 65.
The et hod3%c6ré\edﬂﬁf@0ﬂ @ceordingh te £laimnds, evhereindhe arebed &i partarmed tpdstactied by

a 20single |la I nked o the nt or by a sing |abel incorporated
into the e?&'sﬁéwo ﬂﬂ?q%eﬂ%%n%ﬁoé’ﬁg?%n reacti on. 66. The net hod
according to any one of cl ai ms 40-65, wherein the nmethod is 67. ; '

| 2 "~ 39. The r%{'lh%y%cmrding to claim 38, wherein the at least two type of the target

signals corresponding to the at least two types of the target nucleic acid sequences
are provided from the same type of labels; wherein the extended duplexes
corresponding to the at least two types of the target nucleic acid sequences have

10 different T,, values from each other.

40. A method for detecting a target nucleic acid sequence from a DNA or a mixture
of nucleic acids by a PTOCE (PTO Cleavage and Extension) assay, comprising:
(a) hybridizing the target nucleic acid sequence with an upstream oligonucleotide
15 and a PTO (Probing and Tagging Oligonucleotide); wherein the upstream
oligonucleotide comprises a hybridizing nucleotide sequence complementary to the
target nucleic acid sequence; the PTO comprises (i) a 3-targeting portion
comprising a hybridizing nucleotide sequence complementary to the target nucleic
acid sequence and (ii) a 5"-tagging portion comprising a nucleotide sequence non-
20 complementary to the target nucleic acid sequence; wherein the 3'-targeting
portion is hybridized with the target nucleic acid sequence and the 5-tagging
portion is not hybridized with the target nucleic acid sequence; the upstream
oligonucleotide is located upstream of the PTO;
(b) contacting the resultant of the step (a) to an enzyme having a 5’ nuclease
oligonucleotide or its extended strand induces cleavage of the PTO by the enzyme
having the 5 nuclease activity such that the cleavage releases a fragment
comprising the 5-tagging portion or a part of the 5-tagging portion of the PTO;
(c) hybridizing the fragment released from the PTO with a CTO (Capturing and

30 Templating Oligonucleotide); wherein the CTO comprises in a 3’ to 5’ direction (i) a
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capturing portion comprising a nucleotide sequence complementary to the 5'-
tagging portion or a part of the 5-tagging portion of the PTO and (ii) a templating
portion comprising a nucleotide sequence non-complementary to the 5'-tagging
portion and the 3'-targeting portion of the PTO; wherein the fragment released
from the PTO is hybridized with the capturing portion of the CTO;

(d) performing an extension reaction using the resultant of the step (c) and a
template-dependent nucleic acid polymerase; wherein the fragment hybridized
with the capturing portion of the CTO is extended and a extended duplex is
formed; wherein the extended duplex has a T, value adjustable by (i) a sequence
and/or length of the fragment, (ii) a sequence and/or length of the CTO or (iii) the
sequence and/or length of the fragment and the sequence and/or length of the
CTO; wherein the extended duplex provides a target signal by (i) at least one label
linked to the fragment and/or CTO, (ii) a label incorporated into the extended
duplex during the extension reaction, (iii) at least one label linked to the fragment
and/or CTO and a label incorporated into the extended duplex during the
extension reaction or (iv) intercalating label; and

(e) detecting the extended duplex by measuring the target signal at a
predetermined temperature that the extended duplex maintains its double-
stranded form, whereby the presence of the extended duplex indicates the

presence of the target nucleic acid sequence.

41. The method according to claim 40, wherein the target signal provided by the
extended duplex is given during the extension of the step (d); wherein a hybrid

between an uncleaved PTO and the CTO does not provides a non-target signal.

42. The method according to claim 40, wherein the target signal provided by the
extended duplex is given by the hybridization of the fragment and the CTO in the step
(c) and the formation of the extended duplex maintains the target signal in the step

(d); wherein a hybrid between an uncleaved PTO and the CTO does provides a non-
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67. A kit for detecting a target nucleic acid sequence froma DNA or a
m xture of nucleic acids by a PTOCE (PTO O eavage and Extension) assay,
conpri si YO 20)096523upst r eam ol i gonucl eoti de conpri si ng RCHKR20T/00D283
nucl eoti de sequence conplenentary to the target nucleic acid sequence;
(b) a PTO (Probing and Taggi ng A igonucl eotide) conprising (i) a
3'-targeting portion conprising a hybridizing nucl eotide sequence
conplementary to the target nucleic acid sequence and (ii) a 5" -tagging
portion corpgetighal; awikeiheht ipiedcEEIRT nipefat/TR| egRrttaay theohyirrl's Bf get
nucl eic acid sequence, wherein the 3'- 5 targeting portion is hybridized
with the twealgemninusd0dl.c aci d sequence and the 5' - tagging portion is not
hybridi zed with the target nucleic acid sequence; the upstream

ol i gonucl eotide is |ocated upstream of the PTG wherein the upstream

ol i gonucl eot i or its extended stra i nduce | eavage of the, PTO by an
oy, haviho Theghetnd | EauBngdo: Gy A WiFeRdne HGeL FEdag o Patehaeal o
fragme 1 LSl - ' ' r a part of the 5 -taggin
por?i onn5t of @gﬁefms%éﬂg?@%?gye g@%ﬂgﬂ?@ﬁﬁ@%ﬂénd 'FI)'errpI ating J9ine

d igonucl eotide) conmprising in a 3 to 5 direction (i) a capturing portion
conprising a nucl eoti de sequence conplenentary to the 5" -tagging portion or
a part of 4de The-rhétbod agcopding t®tlaipd 48, whéréi thedragimeht Bas ddirterattivetduad
portion conprising a nucleotide sequence non-conpl enentary to the

5' -t aggi nglabelr comprisingl a hrep@rten angjeculercandorat iquandter t molediey whereisi the he
fragment rel eased fromthe PTOis hybridized with the capturing portion of

the CTO adridiation algwerfraamant iapd 288 GICHA thestepas) iNduRRp YBres Ghacidnehe CTO
xt endbh cupmaRe HETRATE P RN 58 R eS hodtchidhd 2o B Btatdel ARA T

further co A A having a 5 nucl ease activity. 69. The
Kit accordﬁﬁ@@@é@?gﬁﬁeg%ﬁa&herei n the kit further conprises a tenplate-

25dependent nucl eic acid polynerase. 70. The kit according to claim67,
wherein the PTO and/or the CTO has at | east one | abel.
45. The method according to claim 43, wherein the CTO has an interactive dual label

comprising a reporter molecule and a quencher molecule; wherein the hybridization of
15 the fragment and the CTO in the step (c) induces change of a signal from the
interactive dual label to give the target signal and the extended duplex maintains the

target signal.

46. The method according to claim 43, wherein the CTO has an interactive dual
20 labels comprising a reporter molecule and a quencher molecule; wherein the
extension of the fragment in the step (d) induces change of a signal from the

interactive dual label to give the target signal.

47. The method according to claim 43, wherein the fragment has one of an

25 interactive dual label comprising a reporter molecule and a quencher molecule and
the CTO has the other of the interactive dual label; wherein the hybridization of the
fragment and the CTO in the step (c) induces change of a signal from the interactive
dual label to give the target signal and the extended duplex maintains the target

signal.
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71. The kit according to claim67, wherein the kit further conprises a

| abel to be incorporated into the extended dupl ex during the extension
reacti on.WO 20220965Be kit according to claim®67, wherei nPCR&R012/600287 her
conprises a |label to be 5incorporated into the extended dupl ex during the
extension reaction and the PTO and/or the CTO has at |east one | abel. 73.
The kit according to claim67, wherein the kit further conprises an
intercalating label. 10 74. The kit according to claim 70, wherein the

| abel is a single label or interactive dual label. 75. The kit according
to claim67, wherein the kit is used for detection of at |east 15 two types
of nucl ei c48ci Thes evtileott escordiieg do rclaimed3 paheresntha frggmentl eotha €TO0gs Ases at
| east two types of oligonucleotides, the PTO conprises at |east two types

of the PTCsiRglg lahebaud the-byhsidizatien gf thedrramaniignd fe 6TAfin theestem€s) induces” 76
The kit di to clal . in t CTQis i ilized th hit
11 k' o2cPe R 4 Saba b e GBS b5 S T SR o S,y
one of gl ala%@n@gdgtﬁdlemgiﬁﬁii& ﬁwgefaﬁabfsibﬁgl.t her conprises a downstream primner.

49. The method according to claim 43, wherein the CTO has a single label and the
extension of the fragment in the step (d) induces change of a signal from the single
label to give the target signal.

10
50. The method according to claim 43, wherein the labels are positioned to the
extent that when a hybrid between an uncleaved PTO and the CTO is formed, the

hybrid does not give a non-target signal in the step (d).

15 51. The method according to claim 43, wherein the labels are positioned to the
extent that when a hybrid between an uncleaved PTO and the CTO is formed, the
hybrid gives a non-target signal in the step (d); wherein the T, value of the extended

duplex is higher than that of the hybrid between the uncleaved PTO and the CTO.

20 52. The method according to claim 40, wherein the target signal is provided by a
single label incorporated into the extended duplex during the extension reaction;
wherein the incorporated single label is linked to a nucleotide incorporated during the
extension reaction; wherein the extension of the fragment in the step (d) induces

change of a signal from the single label to give the target signal in the step (d).

25
53. The method according to claim 52, wherein the nucleotide incorporated during
the extension reaction has a first non-natural base and the CTO has a nucleotide
having a second non-natural base with a specific binding affinity to the first non-

natural base.
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54. The method according to claim 40, wherein the target signal is provided by a
label incorporated into the extended duplex during the extension reaction and a label
linked to the fragment and/or the CTO; wherein the label incorporated is linked to a
nucleotide incorporated during the extension reaction; wherein the two labels are an
interactive dual label of a reporter molecule and a quencher molecule; wherein the
extension of the fragment in the step (d) induces change of a signal from the

interactive dual label to give the target signal.

55. The method according to claim 54, wherein the nucleotide incorporated during
the extension reaction has a first non-natural base and the CTO has a nucleotide
having a second non-natural base with a specific binding affinity to the first non-

natural.

56. The method according to claim 40, wherein the PTO and/or CTO is blocked at its
3’-end to prohibit its extension.

57. The method according to claim 40, wherein the upstream oligonucleotide is an

upstream primer or an upstream probe.

58. The method according to claim 40, wherein the upstream oligonucleotide is
located adjacently to the PTO to the extent that the upstream oligonucleotide induces

cleavage of the PTO by the enzyme having the 5’ nuclease activity.

59. The method according to claim 57, wherein the upstream primer induces
through its extended strand the cleavage of the PTO by the enzyme having the 5

nuclease activity.

60. The method according to claim 40, wherein the method further comprises
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repeating the steps (a)-(b), (a)-(d) or (a)-(e) with denaturation between repeating

cycles.

61. The method according to claim 40, wherein the steps (a)-(e) are performed in a

reaction vessel or in separate reaction vessels.

62. The method according to claim 40, wherein the method is performed to detect
at least two types of target nucleic acid sequences; wherein the upstream
oligonucleotide comprises at least two types of oligonucleotides, the PTO comprises at

least two types of the PTOs, and the CTO comprises at least one type of the CTO.

63. The method according to claim 40, wherein the upstream oligonucleotide is an
upstream primer and the step (b) uses a template-dependent nucleic acid poiymerase

for the extension of the upstream primer.

64. The method according to claim 40, wherein the CTO is immobilized through its

5’-end or 3"-end onto a solid substrate.
65. The method according to claim 64, wherein the target signal is provided by a
single label linked to the fragment or by a sing label incorporated into the extended

duplex during the extension reaction.

66. The method according to any one of claims 40-65, wherein the method is

; Lin fad ,

25

67. A kit for detecting a target nucleic acid sequence from a DNA or a mixture of
nucleic acids by a PTOCE (PTO Cleavage and Extension) assay, comprising:
(a) an upstream oligonucleotide comprising a hybridizing nucleotide sequence

complementary to the target nucleic acid sequence;
104



10

15

20

WO 2012/096523 PCT/KR2012/000287

(b) a PTO (Probing and Tagging Oligonucleotide) comprising (i) a 3-targeting
portion comprising a hybridizing nucleotide sequence complementary to the target
nucleic acid sequence and (ii) a 5-tagging portion comprising a nucleotide
sequence non-complementary to the target nucleic acid sequence, wherein the 3'-
targeting portion is hybridized with the target nucleic acid sequence and the 5-
tagging portion is not hybridized with the target nucleic acid sequence; the
upstream oligonucleotide is located upstream of the PTO; wherein the upstream
oligonucleotide or its extended strand induces cleavage of the PTO by an enzyme
having a 5 nuclease activity such that the cleavage releases a fragment
comprising the 5’-tagging portion or a part of the 5-tagging portion of the PTO;
and

(c) a CTO (Capturing and Templating Oligonucleotide) comprising in @ 3’ to 5’
direction (i) a capturing portion comprising a nucleotide sequence complementary
to the 5-tagging portion or a part of the 5-tagging portion of the PTO and (ii) a
templating portion comprising a nucleotide sequence non-complementary to the
5’-tagging portion and the 3’-targeting portion of the PTO; wherein the fragment
released from the PTO is hybridized with the capturing portion of the CTO; and the
fragment hybridized with the capturing portion of the CTO is extended by a

template-dependent nucleic acid polymerase to form an extended duplex.

68. The kit according to claim 67, wherein the kit further comprises an enzyme

having a 5’ nuclease activity.

69. The kit according to claim 67, wherein the kit further comprises a template-

25

dependent nucleic acid polymerase.

70. The kit according to claim 67, wherein the PTO and/or the CTO has at least one

label.
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71. The kit according to claim 67, wherein the kit further comprises a label to be

incorporated into the extended duplex during the extension reaction.

72. The kit according to claim 67, wherein the kit further comprises a label to be
incorporated into the extended duplex during the extension reaction and the PTO

and/or the CTO has at least one label.

73. The kit according to claim 67, wherein the kit further comprises an intercalating

label.

74. The kit according to claim 70, wherein the label is a single label or interactive

dual label.

75. The kit according to claim 67, wherein the kit is used for detection of at least
two types of nucleic acid sequences wherein the upstream oligonucleotide comprises
at least two types of oligonucleotides, the PTO comprises at least two types of the
PTO and the CTO comprises at least two types of the CTO.

76. The kit according to claim 67, wherein the CTO is immobilized through its 5™-end

or 3’-end onto a solid substrate.

77. The method according to any one of claims 67-76, wherein the kit further

comprises a downstream primer.
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