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“Capturing and Templating Oligonucleotide” (CTO)arso-called PTO Cleavage
and Extension assay have been described by ChlinretaS. Patent No.
8,809,239. However the need still exists for anueate method to perform high
throughput multiplex detection of target nucleigdac It would particularly be an
advantage to perform high throughput multiplex diede of target nucleic acids in
an end-point PCR assay whereby detection of thdifadpproducts need to occur
only once, at the end (or nearly the end) of th&RE€say or after the completion of
the PCR assay.

SUMMARY

The present disclosure provides for novel methodsdicleic acid sequence
detection, particularly detection of multiple targecleic acids wherein a PCR
reaction is run until it reaches an end-point beythre log phase of amplification,
(e.g. in the plateau phase). The methods are peetbby the use of novel
oligonucleotide probes having two unique featuagspn-complementary tag portion

and a quenching molecule.

In one aspect, the present disclosure refers tethad for amplification and
detection of a target nucleic acid in a sample cosmyg the steps of: (a) contacting
said sample containing said target nucleic aca smgle reaction vessel with (i) one
pair of oligonucleotide primers, each oligonucldetprimer capable of hybridizing
to opposite strands of a subsequence of said taugétic acid; (ii) an
oligonucleotide probe that comprises an annealorjgn and a tag portion, wherein
the tag portion comprises a nucleotide sequencecaoplementary to the target
nucleic acid sequence or a non-nucleotide moleedierein the annealing portion
comprises a nucleotide sequence at least partiathplementary to the target
nucleic acid sequence and hybridizes to a regi@aiof subsequence of said target
nucleic acid that is bounded by said pair of oligceotide primers, wherein said
oligonucleotide probe further comprises an intevaatiual label comprising a
reporter moiety located on said tag portion anidsa uencher moiety located on

said annealing portion and wherein said reporteetyds separated from said first
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guencher moiety by a nuclease susceptible cleasitggeand wherein said tag

portion is reversibly bound in a temperature-depehd&nner to a quenching
molecule that comprises or associates with oneaye muencher moieties capable of
guenching said reporter moiety when said quenchiolgenle is bound to said tag
portion; (b) amplifying said target nucleic acid ppglymerase chain reaction (PCR)
using a nucleic acid polymerase having 5 to 3laase activity such that during an
extension step of each PCR cycle, the 5" to 3'ease activity of the polymerase
allows cleavage and separation of the tag portiom the first quencher moiety on
the annealing portion of the oligonucleotide prafeg¢;measuring one or more
signals from the reporter moiety at a first tempaeat which the quenching
molecule is bound to the tag portion; (d) measuadng or more signals from the
reporter moiety at a second temperature, whichglsdrithan the first temperature, at
which the quenching molecule is not bound to tigepiartion; (e) obtaining a
calculated signal value by subtracting a mediaaverage of the one or more signals
detected at the first temperature from a mediaawverage of the one or more signals
detected at the second temperature; whereby alatdisignal value that is higher
than a threshold signal value allows determinatibthe presence of the target

nucleic acid.

In another aspect, the present disclosure refeasnethod for detecting two or more
target nucleic acid sequences in a sample comgrimsteps of: (a) contacting said
sample suspected of containing said two or mogetarucleic acid sequences in a
single reaction vessel with (i) a first pair ofg@nucleotide primers with nucleotide
sequences that are complementary to each straméiref target nucleic acid
sequence, and a second pair of oligonucleotideguswith nucleotide sequences
that are complementary to each strand of a se@rgdttnucleic acid sequence; (ii) a
first oligonucleotide probe comprising a nucleots#guence at least partially
complementary to the first target nucleic acid segaeand annealing within a
region of the first target nucleic acid sequenceéighbounded by the first pair of
oligonucleotide primers, wherein said first oligolaatide probe comprises a

fluorescent moiety capable of generating a deteetsighal and a first quencher
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moiety capable of quenching the detectable sigaaéated by the fluorescent
moiety, wherein said fluorescent moiety is separ&tem the first guencher moiety
by a nuclease susceptible cleavage site ; (ii@casd oligonucleotide probe
comprising two distinct portions: - an annealingtfmm comprising a nucleotide
sequence at least partially complementary to thersktarget nucleic acid sequence
and annealing within a region of the second tangeteic acid sequence that is
bounded by the second pair of oligonucleotide praneherein the annealing
portion comprises a second quencher moiety; artdg portion attached to the 5°
terminus or to the 3" terminus of the annealindiporor attached via a linker to a
region of the annealing portion comprising a nutitesequence that is non-
complementary to the two or more target nucleid aeiquences, wherein the tag
portion comprises a fluorescent moiety that is igahto the fluorescent moiety on
the first oligonucleotide probe and whose deteetsalgnal is capable of being
guenched by the second quencher moiety on the lampeartion, wherein said
fluorescent moiety is separated from the secondaueg moiety by a nuclease
susceptible cleavage site; (iv) a quenching oligteatide comprising a nucleotide
sequence at least partially complementary to thgdoation of the second
oligonucleotide probe and hybridizing to the tagtiporto form a duplex, wherein
said quenching oligonucleotide comprises a thirengher moiety which quenches
the detectable signal generated by the fluoresoergty on the tag portion when the
guenching oligonucleotide is hybridized to the pagtion; (b) amplifying the first
and second target nucleic acid sequences by pahgaehain reaction (PCR) using
a nucleic acid polymerase having 5" to 3" nucleateity such that during an
extension step of each PCR cycle, the 5" to 3'aase activity of the nucleic acid
polymerase allows (i) cleavage and separationefltlorescent moiety from the
first quenching moiety on the first oligonucleotig®be, and (ii) cleavage and
separation of the fluorescent moiety on the tagigofrom the second quenching
moiety on the annealing portion of the second oligeotide probe, wherein at the
extension step the quenching oligonucleotide resayiridized to the tag portion;

(c) measuring one or more fluorescent signalsfiastetemperature at which the
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guenching oligonucleotide is hybridized to the pagtion from the second
oligonucleotide probe; (d) measuring one or marertscent signals at a second
temperature, which is higher than the first tempeea at which the quenching
oligonucleotide is not hybridized to the tag pantfoom the second oligonucleotide
probe; (e) obtaining a calculated signal valueliytscting a median or average of
the one or more fluorescent signals detected dirdtdemperature from a median or
average of the one or more fluorescent signalctizteat the second temperature;
whereby a value of the median or average of theoomeore fluorescent signals
detected at the first temperature that is higher ththreshold value allows
determination of the presence of the first targeleia acid sequence and the
calculated signal value that is higher than theghold signal value allows

determination of the presence of the second tanggeic acid.

In yet another aspect, the present disclosuresrébest method for detecting two or
more target nucleic acid sequences in a sample eampthe steps of: (a)
contacting said sample suspected of containingteaicr more target nucleic acid
sequences in a single reaction vessel with (ijsa fiiair of oligonucleotide primers
with nucleotide sequences that are complementaggidh strand of a first target
nucleic acid sequence, and a second pair of oligentide primers with nucleotide
sequences that are complementary to each stramdesfond target nucleic acid
sequence; (ii) a first oligonucleotide probe comipig two distinct portions: - a first
annealing portion comprising a nucleotide sequandeast partially complementary
to the first target nucleic acid sequence and dimgewaithin a region of the first
target nucleic acid sequence that is bounded bfirtgair of oligonucleotide
primers, wherein the first annealing portion coregsia first quencher moiety and is
blocked at the 3" terminus to prohibit extensioraliyucleic acid polymerase; and - a
first tag portion attached to the 5" terminus ah® 3" terminus of the first annealing
portion or attached via a linker to a region of &mmealing portion comprising a
nucleotide sequence that is non-complementaryetdwtb or more target nucleic
acid sequences, wherein the first tag portion csapra fluorescent moiety whose

detectable signal is capable of being quenchetidyiist quencher moiety on the
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first annealing portion, wherein said fluorescemwigty is separated from the first
guenching moiety by a nuclease susceptible cleasigge(iii) a first quenching
oligonucleotide comprising a nucleotide sequendeast partially complementary to
the first tag portion of the first oligonucleotigeobe and hybridizing to the first tag
portion to form a duplex, wherein said first quemgholigonucleotide comprises a
second quenching moiety which quenches the detectanal generated by the
fluorescent moiety on the first tag portion whea finst quenching oligonucleotide
is hybridized to the first tag portion; (iv) a sedasligonucleotide probe comprising
two distinct portions: - a second annealing portomprising a nucleotide sequence
at least partially complementary to the secondetangcleic acid sequence and
annealing within a region of the second target@ioa@cid sequence that is bounded
by the second pair of oligonucleotide primers, wirethe second annealing portion
comprises a third quencher moiety and is blocké¢teaB™ terminus to prohibit
extension by a nucleic acid polymerase; and - argkbtag portion attached to the 5°
terminus or to the 3" terminus of the second ammg@ortion or attached via a
linker to a region of the annealing portion comipgsa nucleotide sequence that is
non-complementary to the two or more target nu@deid sequences and having a
different nucleic acid sequence or different nutttBmodifications compared to the
nucleotide sequence of the first tag portion offtts oligonucleotide probe,
wherein the second tag portion comprises a fluemsmoiety that is identical to the
fluorescent moiety on the first tag portion of thist oligonucleotide probe and
whose detectable signal is capable of being quehiohéhe third quencher moiety
on the second annealing portion, wherein said éscgnt moiety is separated from
the third quenching moiety by a nuclease susceptilglavage site; (v) a second
guenching oligonucleotide comprising a nucleotidguence at least partially
complementary to the second tag portion of the stotigonucleotide probe and
hybridizing to the second tag portion to form a léxpwherein said second
guenching oligonucleotide comprises a fourth quemgmoiety which quenches the
detectable signal generated by the fluorescenttgnorethe second tag portion when

the second quenching oligonucleotide is hybridiwethe second tag portion;
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wherein the duplex between the second quenchiggmlicleotide and the second
tag portion of the second oligonucleotide probednhgher melting temperature
(Tm) value than the duplex between the first quergbligonucleotide and the first
tag portion of the first oligonucleotide probe; @mplifying the first and second
target nucleic acid sequences by polymerase chattion (PCR) using a nucleic
acid polymerase having 5" to 3" nuclease activithghat during an extension step
of each PCR cycle, the 5" to 3" nuclease activityre nucleic acid polymerase
allows (i) cleavage and separation of the fluoreso®oiety on the first tag portion
from the first quenching moiety on the first anmaglportion of the first
oligonucleotide probe, wherein at the extensiop #te first quenching
oligonucleotide remains hybridized to the first gagtion, and (ii) cleavage and
separation of the fluorescent moiety on the set¢aggbortion from the third
guenching moiety on the second annealing portidghetecond oligonucleotide
probe, wherein at the extension step the seconacueg oligonucleotide remains
hybridized to the second tag portion; (c) measuoing or more fluorescent signals
at a first temperature at which the first quenchohgonucleotide is not hybridized

to the first tag portion from the first oligonuclet# probe and the second quenching
oligonucleotide remains hybridized to the secomdp@rtion from the second
oligonucleotide probe; (d) measuring one or mareréscent signals at a second
temperature, which is higher than the first tempeeg at which the second
guenching oligonucleotide is not hybridized to seeond tag portion from the
second oligonucleotide probe; (e) obtaining a catedl signal value by subtracting a
median or average of the one or more fluorescgnats detected at the first
temperature from a median or average of the omeocoe fluorescent signals
detected at the second temperature; whereby a gathe median or average of the
one or more fluorescent signals detected at teetbmperature that is higher than a
threshold value allows determination of the presasfahe first target nucleic acid
sequence and the calculated signal value thagisehithan the threshold signal value

allows determination of the presence of the se¢arget nucleic acid.
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Therefore in one example, the disclosure providesaimethod for amplification and
detection of a target nucleic acid in a sample cosmyg the steps of: (a) contacting
the sample containing the target nucleic acidsingle reaction vessel with (i) one
pair of oligonucleotide primers, each oligonucldetprimer capable of hybridizing
to opposite strands of a subsequence of the taugdic acid; (i) an oligonucleotide
probe that comprises an annealing portion and ad&gon, wherein the tag portion
comprises a nucleotide sequence non-complemertaing ttarget nucleic acid
sequence or a non-nucleotide molecule, whereianhealing portion comprises a
nucleotide sequence at least partially complemegntathe target nucleic acid
sequence and hybridizes to a region of the subsegud the target nucleic acid that
is bounded by the pair of oligonucleotide prima&vkerein the probe further
comprises an interactive dual label comprisingmrer moiety located on the tag
portion or on the annealing portion and a firstrggeer moiety located on the

annealing portion and wherein the reporter
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moiety is separated from the first quencher mdogty nuclease susceptible
cleavage site; and wherein the tag portion is slirbound in a temperature-
dependent manner to a quenching molecule that ¢sespor is associated with one
or more quencher moieties capable of quenchingeperter moiety when the
guenching molecule is bound to the tag portionafbplifying the target nucleic

acid by PCR using a nucleic acid polymerase havirtig 8" nuclease activity such
that during an extension step of each PCR cyadtentitlease activity of the
polymerase allows cleavage and separation of fha&rter moiety from the first
guenching moiety on the annealing portion of thabpr (c) measuring one or more
signals from the reporter moiety at a first tempaeat which the quenching
molecule is bound to the tag portion; (d) measuadng or more signals from the
reporter moiety at a second temperature, whichglsdrithan the first temperature, at
which the quenching molecule is not bound to tigepiartion; (e) obtaining a
calculated signal value by subtracting a mediaaverage of the one or more signals
detected at the first temperature from a mediaawverage of the one or more signal
detected at the second temperature; whereby alatdisignal value that is higher
than a threshold signal value allows determinatibthe presence of the target
nucleic acid. In one example, PCR amplificatioallswed to reach an end-point

beyond the log phase of amplification (e.g. inpleteau phase).

In one example, the tag portion comprises a maiba such that it is not capable
of being extended by a nucleic acid polymerasenkm example, the reporter moiety
is on the tag portion of the oligonucleotide prolpeanother example, the reporter
moiety is located on the annealing portion of thgomucleotide probe and is able to
interact in a temperature-dependent manner toubadahning molecule that
comprises the second quencher moiety. In one exari@ tag portion comprises a
nucleotide sequence non-complementary to the targgéic acid sequence and the
guenching molecule is an oligonucleotide comprigimgicleotide sequence at least
partially complementary to the tag portion of thig@nucleotide probe and binds to
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the tag portion by hybridization. In another exampihe tag portion of the
oligonucleotide probe or the quenching moleculbaih the tag portion and the
guenching molecule contain one or more nucleotiddifications. In yet another
example, the one or more nucleotide modificatierselected from the group
consisting of Locked Nucleic Acid (LNA), Peptide deic Acid (PNA), Bridged
Nucleic Acid (BNA), 2°-O alkyl substitution, L-enaameric nucleotide, or
combinations thereof. In one example, the reponteiety is a fluorescent dye and

the quencher moiety quenches a detectable sigmaltfre fluorescent dye.

In another example, the disclosure provides forethod for detecting two or more
target nucleic acid sequences in a sample comgrisesteps of: (a) contacting the
sample suspected of containing the two or more tamggeic acid sequences in a
single reaction vessel with (i) a first pair ofg@nucleotide primers with nucleotide
sequences that are complementary to each stramdrst target nucleic acid
sequence, and a second pair of oligonucleotideguswith nucleotide sequences
that are complementary to each strand of a se@gdttnucleic acid sequence; (ii) a
first oligonucleotide probe comprising a nucleotsdguence at least partially
complementary to the first target nucleic acid segaeand anneals within the first
target nucleic acid sequence bounded by the faistgh oligonucleotide primers,
wherein the first oligonucleotide probe comprisdliarescent moiety capable of
generating a detectable signal and a first quenciogsty capable of quenching the
detectable signal generated by the fluorescenttynaiderein the fluorescent

moiety is separated the first quencher moiety hy@ease susceptible cleavage site
; (iii) a second oligonucleotide probe comprising tdistinct portions, an annealing
portion comprising a nucleotide sequence at leatiaig complementary to the
second target nucleic acid sequence and anne&s whe second target nucleic acid
sequence bounded by the second pair of oligonudieptimers, wherein the
annealing portion comprises a second quencher ymaietl a tag portion attached to
the 5™ terminus or to the 3" terminus of the aninggbortion or attached via a linker

to a region of the
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detected at the first temperature that is higher ththreshold value allows
determination of the presence of the first targeleia acid sequence and the
calculated signal value that is higher than theghold signal value allows
determination of the presence of the second tanggeic acid. In one example,
PCR amplification is allowed to reach an end-pbeyond the log phase of
amplification (e.g. in the plateau phase).

In one example, the tag portion comprises a maiba such that it is not capable
of being extended by a nucleic acid polymerasaniother example, the tag portion
is attached to the 5" terminus of the annealingigrorin yet another example, the
tag portion is attached to the 3" terminus of ttneealing portion. In yet another
example, the tag portion is attached via a linkea tegion of the annealing portion.
In another example, the tag portion of the secdighimucleotide probe or the
guenching oligonucleotide or both the tag portiod the quenching oligonucleotide
contain one or more nucleotide modifications. Ihamother example, the one or
more nucleotide modifications is selected fromdghmup consisting of Locked
Nucleic Acid (LNA), Peptide Nucleic Acid (PNA), Bfged Nucleic Acid (BNA),

2°-0 alkyl substitution, L-enantiomeric nucleotide,combinations theoreof.

In yet another example, the disclosure providesforethod for detecting two or
more target nucleic acid sequences in a sample eaimpthe steps of: (a)
contacting the sample suspected of containingwieot more target nucleic acid
sequences in a single reaction vessel with (ijsa fiiair of oligonucleotide primers
with sequences that are complementary to each stfaafirst target nucleic acid
sequence, and a second pair of oligonucleotidegrawith sequences that are
complementary to each strand of a second targéginwacid sequence; (i) a first
oligonucleotide probe comprising two distinct pons, a first annealing portion
comprising a sequence at least partially compleamngnio the first target nucleic acid

sequence and anneals within the first
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a median or average of the one or more fluoresignals detected at the second
temperature; whereby a value of the median or geeshthe one or more
fluorescent signals detected at the first tempeegahat is higher than a threshold
value allows determination of the presence of itst farget nucleic acid sequence
and the calculated signal value that is higher tharthreshold signal value allows
determination of the presence of the second tamggeic acid. In one example, PCR
amplification is allowed to reach an end-point beythe log phase of amplification

(e.g. in the plateau phase).

In one example, the first tag portion and the sddag portion both comprise a
modification such that both tag portions are npiatde of being extended by a
nucleic acid polymerase.

In one example, the first tag portion is attachethe 3" terminus of the first
annealing portion of the first oligonucleotide peadnd the second tag portion is
attached to the 3" terminus of the second annepbnigon of the second
oligonucleotide probe . In another example, thet timg portion is attached to the 3°
terminus of the first annealing portion of the ffioeiigonucleotide probe and the
second tag portion is attached to the 5" termindBetecond annealing portion of
the second oligonucleotide probe. In another exanpe first tag portion is attached
to the 3" terminus of the first annealing portiorlad first oligonucleotide probe and
the second tag portion is attached via a linker tegion of the second annealing
portion of the second oligonucleotide probe.

In one example, the first tag portion is attachethe 5° terminus of the first
annealing portion of the first oligonucleotide peadind the second tag portion is
attached to the 5" terminus of the second annepbinigon of the second
oligonucleotide probe. In another example, the faig portion is attached to the 5°
terminus of the first annealing portion of the ffioeiigonucleotide probe and the
second tag portion is attached to the 3" termindBetecond annealing portion of
the
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second oligonucleotide probe. In another exampkefitst tag portion is attached to
the 5™ terminus of the first annealing portiontwé first oligonucleotide probe and
the second tag portion is attached via a linker tegion of the second annealing

portion of the second oligonucleotide probe.

In one example, the first tag portion is attachiedavlinker to a region of the first
annealing portion of the first oligonucleotide peadnd the second tag portion is
attached to the 5" terminus of the second annepbinigon of the second
oligonucleotide probe. In another example, the faig portion is attached via a
linker to a region of the first annealing portiontleé first oligonucleotide probe and
the second tag portion is attached to the 3" tersnirithe second annealing portion
of the second oligonucleotide probe. In anothengxte, the first tag portion is
attached via a linker to a region of the first aadimg portion of the first
oligonucleotide probe and the second tag portiaiteched via a linker to a region

of the second annealing portion of the second oligteotide probe.

In one example, any of the first tag portion & fhist oligonucleotide probe or the
first quenching oligonucleotide or the second tagipn of the second
oligonucleotide probe or the second quenching aligteotide or any combinations
thereof contains one or more nucleotide modification one example, the one or
more nucleotide modifications is selected fromdghsup consisting of Locked
Nucleic Acid (LNA), Peptide Nucleic Acid (PNA), Bfged Nucleic Acid (BNA),
2°-0 alkyl substitution, L-enantiomeric nucleotide,combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphical description of the oligonatige probe used to perform the

methods of the invention.
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1. A method for amplification and detection of a target nucleic acid in a sample

comprising the steps of:

(@)

(b)

contacting said sample containing said target nucleic acid in a single

reaction vessel with

(i) one pair of oligonucleotide primers, each oligonucleotide primer
capable of hybridizing to opposite strands of a subsequence of said

target nucleic acid;

(ii) an oligonucleotide probe that comprises an annealing portion and a
tag portion, wherein the tag portion comprises a nucleotide sequence
non-complementary to the target nucleic acid sequence or a non-
nucleotide molecule, wherein the annealing portion comprises a
nucleotide sequence at least partially complementary to the target
nucleic acid sequence and hybridizes to a region of said subsequence of
said target nucleic acid that is bounded by said pair of oligonucleotide
primers, wherein said oligonucleotide probe further comprises an
interactive dual label comprising a reporter moiety located on said tag
portion and a first quencher moiety located on said annealing portion
and wherein said reporter moiety is separated from said first quencher
moiety by a nuclease susceptible cleavage site; and wherein said tag
portion is reversibly bound in a temperature-dependent manner to a
quenching molecule that comprises or associates with one or more
quencher moieties capable of quenching said reporter moiety when

said quenching molecule is bound to said tag portion;

amplifying said target nucleic acid by polymerase chain reaction (PCR)
using a nucleic acid polymerase having 5" to 3" nuclease activity such
that during an extension step of each PCR cycle, the 5" to 3" nuclease
activity of the polymerase allows cleavage and separation of the tag
portion from the first quencher moiety on the annealing portion of the

oligonucleotide probe;
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(c) measuring one or more signals from the reporter moiety at a first
temperature at which the quenching molecule is bound to the tag

portion;

(d) measuring one or more signals from the reporter moiety at a second
temperature, which is higher than the first temperature, at which the

quenching molecule is not bound to the tag portion;

(e) obtaining a calculated signal value by subtracting a median or average
of the one or more signals detected at the first temperature from a
median or average of the one or more signals detected at the second
temperature; whereby a calculated signal value that is higher than a
threshold signal value allows determination of the presence of the

target nucleic acid.

The method of claim 1, wherein PCR amplification of step (b) is allowed to

reach an end-point beyond the log phase of amplification.

The method of any of claims 1 - 2, wherein the tag portion comprises a
nucleotide sequence non-complementary to the target nucleic acid sequence
and the quenching molecule is an oligonucleotide comprising a nucleotide
sequence at least partially complementary to the tag portion of the

oligonucleotide probe and binds to the tag portion by hybridization.

The method of any one of claims 1 to 3, wherein the tag portion comprises a
modification such that it is not capable of being extended by a nucleic acid

polymerase.

The method of any one of claims 1 to 4, wherein the tag portion of the
oligonucleotide probe or the quenching molecule or both the tag portion and

the quenching molecule contain one or more nucleotide modifications.

The method of any one of claims 1 to 5,wherein the one or more nucleotide
modifications is selected from the group consisting of Locked Nucleic Acid
(LNA), Peptide Nucleic Acid (PNA), Bridged Nucleic Acid (BNA), 2°-0 alkyl

substitution, L-enantiomeric nucleotide, or combinations theoreof.
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The method of any one of claims 1 to 6,wherein the reporter moiety is a

fluorescent dye and the quencher moiety quenches a detectable signal from

the fluorescent dye.

A method for detecting two or more target nucleic acid sequences in a

sample comprising the steps of:

(@)

contacting said sample suspected of containing said two or more target

nucleic acid sequences in a single reaction vessel with

(i) a first pair of oligonucleotide primers with nucleotide sequences
that are complementary to each strand of a first target nucleic acid
sequence, and a second pair of oligonucleotide primers with nucleotide
sequences that are complementary to each strand of a second target

nucleic acid sequence;

(ii) a first oligonucleotide probe comprising a nucleotide sequence at
least partially complementary to the first target nucleic acid sequence
and annealing within a region of the first target nucleic acid sequence
that is bounded by the first pair of oligonucleotide primers, wherein
said first oligonucleotide probe comprises a fluorescent moiety capable
of generating a detectable signal and a first quencher moiety capable of
quenching the detectable signal generated by the fluorescent moiety,
wherein said fluorescent moiety is separated from the first quencher

moiety by a nuclease susceptible cleavage site ;
(iii) a second oligonucleotide probe comprising two distinct portions:

- an annealing portion comprising a nucleotide sequence at least
partially complementary to the second target nucleic acid
sequence and annealing within a region of the second target
nucleic acid sequence that is bounded by the second pair of
oligonucleotide primers, wherein the annealing portion
comprises a second quencher moiety; and

- atagportion attached to the 5" terminus or to the 3" terminus of

the annealing portion or attached via a linker to a region of the
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annealing portion comprising a nucleotide sequence that is non-
complementary to the two or more target nucleic acid
sequences, wherein the tag portion comprises a fluorescent
moiety that is identical to the fluorescent moiety on the first
oligonucleotide probe and whose detectable signal is capable of
being quenched by the second quencher moiety on the
annealing portion, wherein said fluorescent moiety is separated
from the second quenching moiety by a nuclease susceptible

cleavage site;

(iv) a quenching oligonucleotide comprising a nucleotide sequence at
least partially complementary to the tag portion of the second
oligonucleotide probe and hybridizing to the tag portion to form a
duplex, wherein said quenching oligonucleotide comprises a third
quencher moiety which quenches the detectable signal generated by
the fluorescent moiety on the tag portion when the quenching

oligonucleotide is hybridized to the tag portion;

amplifying the first and second target nucleic acid sequences by
polymerase chain reaction (PCR) using a nucleic acid polymerase
having 5" to 3" nuclease activity such that during an extension step of
each PCR cycle, the 5" to 3" nuclease activity of the nucleic acid

polymerase allows

(i) cleavage and separation of the fluorescent moiety from the first

quenching moiety on the first oligonucleotide probe, and

(i) cleavage and separation of the fluorescent moiety on the tag
portion from the second quenching moiety on the annealing portion
of the second oligonucleotide probe, wherein at the extension step
the quenching oligonucleotide remains hybridized to the tag

portion;
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(c) measuring one or more fluorescent signals at a first temperature at
which the quenching oligonucleotide is hybridized to the tag portion

from the second oligonucleotide probe;

(d) measuring one or more fluorescent signals at a second temperature,
which is higher than the first temperature, at which the quenching
oligonucleotide is not hybridized to the tag portion from the second

oligonucleotide probe;

(e) obtaining a calculated signal value by subtracting a median or average
of the one or more fluorescent signals detected at the first temperature
from a median or average of the one or more fluorescent signals
detected at the second temperature; whereby a value of the median or
average of the one or more fluorescent signals detected at the first
temperature that is higher than a threshold value allows determination
of the presence of the first target nucleic acid sequence and the
calculated signal value that is higher than the threshold signal value

allows determination of the presence of the second target nucleic acid.

The method of claim 8, wherein PCR amplification of step (b) is allowed to

reach an end-point beyond the log phase of amplification.

The method of claim 9, wherein the tag portion is attached to the 5" terminus

of the annealing portion.

The method of any of claims 8 - 10, wherein the tag portion comprises a
modification such that it is not capable of being extended by a nucleic acid

polymerase.

The method of any of claims 8 - 11, wherein the quenching oligonucleotide is
connected to the tag portion of the second oligonucleotide probe via a stem-

loop structure.

The method of any of claims 8 - 12, wherein the tag portion of the second

oligonucleotide probe or the quenching oligonucleotide or both the tag
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portion and the quenching oligonucleotide contains one or more nucleotide

modifications.

The method of any of claims 8 - 13, wherein the one or more nucleotide

modifications is selected from the group consisting of Locked Nucleic Acid

(LNA), Peptide Nucleic Acid (PNA), Bridged Nucleic Acid (BNA), 2°-0 alkyl

substitution, L-enantiomeric nucleotide, or combinations theoreof.

A method for detecting two or more target nucleic acid sequences in a

sample comprising the steps of:

(@)

contacting said sample suspected of containing said two or more target

nucleic acid sequences in a single reaction vessel with

(i) a first pair of oligonucleotide primers with nucleotide sequences

that are complementary to each strand of a first target nucleic acid

sequence, and a second pair of oligonucleotide primers with nucleotide

sequences that are complementary to each strand of a second target

nucleic acid sequence;

(ii) a first oligonucleotide probe comprising two distinct portions:

a first annealing portion comprising a nucleotide sequence at
least partially complementary to the first target nucleic acid
sequence and annealing within a region of the first target
nucleic acid sequence that is bounded by the first pair of
oligonucleotide primers, wherein the first annealing portion
comprises a first quencher moiety and is blocked at the 3
terminus to prohibit extension by a nucleic acid polymerase;
and

a first tag portion attached to the 5° terminus or to the 3°
terminus of the first annealing portion or attached via a linker to
aregion of the annealing portion comprising a nucleotide
sequence that is non-complementary to the two or more target
nucleic acid sequences, wherein the first tag portion comprises a

fluorescent moiety whose detectable signal is capable of being
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quenched by the first quencher moiety on the first annealing
portion, wherein said fluorescent moiety is separated from the

first quenching moiety by a nuclease susceptible cleavage site;

(iii) a first quenching oligonucleotide comprising a nucleotide
sequence at least partially complementary to the first tag portion of the
first oligonucleotide probe and hybridizing to the first tag portion to
form a duplex, wherein said first quenching oligonucleotide comprises
a second quenching moiety which quenches the detectable signal
generated by the fluorescent moiety on the first tag portion when the

first quenching oligonucleotide is hybridized to the first tag portion;
(iv) a second oligonucleotide probe comprising two distinct portions:

- asecond annealing portion comprising a nucleotide sequence at
least partially complementary to the second target nucleic acid
sequence and annealing within a region of the second target
nucleic acid sequence that is bounded by the second pair of
oligonucleotide primers, wherein the second annealing portion
comprises a third quencher moiety and is blocked at the 3
terminus to prohibit extension by a nucleic acid polymerase;
and

- asecond tag portion attached to the 5" terminus or to the 3°
terminus of the second annealing portion or attached via a
linker to a region of the annealing portion comprising a
nucleotide sequence that is non-complementary to the two or
more target nucleic acid sequences and having a different
nucleic acid sequence or different nucleotide modifications
compared to the nucleotide sequence of the first tag portion of
the first oligonucleotide probe, wherein the second tag portion
comprises a fluorescent moiety that is identical to the
fluorescent moiety on the first tag portion of the first
oligonucleotide probe and whose detectable signal is capable of

being quenched by the third quencher moiety on the second
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annealing portion, wherein said fluorescent moiety is separated
from the third quenching moiety by a nuclease susceptible

cleavage site;

(v) a second quenching oligonucleotide comprising a nucleotide
sequence at least partially complementary to the second tag portion of
the second oligonucleotide probe and hybridizing to the second tag
portion to form a duplex, wherein said second quenching
oligonucleotide comprises a fourth quenching moiety which quenches
the detectable signal generated by the fluorescent moiety on the
second tag portion when the second quenching oligonucleotide is

hybridized to the second tag portion;

wherein the duplex between the second quenching oligonucleotide and the
second tag portion of the second oligonucleotide probe has a higher melting
temperature (Tm) value than the duplex between the first quenching

oligonucleotide and the first tag portion of the first oligonucleotide probe;

(b) amplifying the first and second target nucleic acid sequences by

polymerase chain reaction (PCR) using a nucleic acid polymerase
having 5" to 3" nuclease activity such that during an extension step of
each PCR cycle, the 5" to 3" nuclease activity of the nucleic acid

polymerase allows

(i) cleavage and separation of the fluorescent moiety on the first tag
portion from the first quenching moiety on the first annealing portion
of the first oligonucleotide probe, wherein at the extension step the
first quenching oligonucleotide remains hybridized to the first tag

portion, and

(ii) cleavage and separation of the fluorescent moiety on the second tag
portion from the third quenching moiety on the second annealing
portion of the second oligonucleotide probe, wherein at the extension
step the second quenching oligonucleotide remains hybridized to the

second tag portion;
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measuring one or more fluorescent signals at a first temperature at
which the first quenching oligonucleotide is not hybridized to the first
tag portion from the first oligonucleotide probe and the second
quenching oligonucleotide remains hybridized to the second tag

portion from the second oligonucleotide probe;

measuring one or more fluorescent signals at a second temperature,
which is higher than the first temperature, at which the second
quenching oligonucleotide is not hybridized to the second tag portion

from the second oligonucleotide probe;

obtaining a calculated signal value by subtracting a median or average
of the one or more fluorescent signals detected at the first temperature
from a median or average of the one or more fluorescent signals
detected at the second temperature; whereby a value of the median or
average of the one or more fluorescent signals detected at the first
temperature that is higher than a threshold value allows determination
of the presence of the first target nucleic acid sequence and the
calculated signal value that is higher than the threshold signal value

allows determination of the presence of the second target nucleic acid.

The method of claim 15, wherein PCR amplification of step (b) is allowed to

reach an end-point beyond the log phase of amplification.

The method of claims 15 or 16, wherein the first tag portion is attached to

the 3" terminus of the first annealing portion of the first oligonucleotide

probe and the second tag portion is attached to the 3" terminus of the second

annealing portion of the second oligonucleotide probe or the first tag portion

is attached to the 5" terminus of the first annealing portion of the first

oligonucleotide probe and the second tag portion is attached to the 5°

terminus of the second annealing portion of the second oligonucleotide

probe.
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The method of any of claims 15 - 17, wherein the first quenching
oligonucleotide is connected to the first tag portion of the first

oligonucleotide probe via a stem-loop structure.

The method of any of claims 15 - 18, wherein the second quenching
oligonucleotide is connected to the second tag portion of the second

oligonucleotide probe via a stem-loop structure.

The method of any of claims 15 - 19, wherein the released first tag portion
and the released second tag portion both comprise a modification such that
both released tag portions are not capable of being extended by a nucleic

acid polymerase.

The method of any of claims 15 - 20, whereby amplification and detection of

the target nucleic acid is performed by digital PCR.

The method of any of claims 15 - 21, whereby detection of two or more

target nucleic acid sequences is performed by digital PCR.

The method of any of claims 15 - 22, whereby detection of two or more

target nucleic acid sequences is performed by digital PCR.

The method of any of claims 15 - 23, wherein any of the first tag portion of
the first oligonucleotide probe or the first quenching oligonucleotide or the
second tag portion of the second oligonucleotide probe or the second
quenching oligonucleotide or any combinations thereof contains one or more

nucleotide modifications.

The method of any of claims 15 - 24, wherein the one or more nucleotide
modifications is selected from the group consisting of Locked Nucleic Acid
(LNA), Peptide Nucleic Acid (PNA), Bridged Nucleic Acid (BNA), 2°-0 alkyl

substitution, L-enantiomeric nucleotide, or combinations thereof.



