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“Capturing and Templating Oligonucleotide” (CTO) in a so-called PTO Cleavage 

and Extension assay have been described by Chun et al. in U.S. Patent No. 

8,809,239. However the need still exists for an accurate method to perform high 

throughput multiplex detection of target nucleic acids. It would particularly be an 

advantage to perform high throughput multiplex detection of target nucleic acids in 5 

an end-point PCR assay whereby detection of the amplified products need to occur 

only once, at the end (or nearly the end) of the PCR assay or after the completion of 

the PCR assay.  

SUMMARY  

The present disclosure provides for novel methods for nucleic acid sequence 10 

detection, particularly detection of multiple target nucleic acids wherein a PCR 

reaction is run until it reaches an end-point beyond the log phase of amplification, 

(e.g. in the plateau phase). The methods are performed by the use of novel 

oligonucleotide probes having two unique features, a non-complementary tag portion 

and a quenching molecule. 15 

In one aspect, the present disclosure refers to a method for amplification and 

detection of a target nucleic acid in a sample comprising the steps of: (a) 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 20 

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 25 

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 
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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; (b) amplifying said target nucleic acid by polymerase chain reaction (PCR) 5 

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; (c) measuring one or more 

signals from the reporter moiety at a first temperature at which the quenching 10 

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 15 

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.  

In another aspect, the present disclosure refers to a method for detecting two or more 

target nucleic acid sequences in a sample comprising the steps of: (a) contacting said 20 

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 25 

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 30 
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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 5 

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 - a tag portion attached to the 5` 

terminus or to the 3` terminus of the annealing portion or attached via a linker to a 

region of the annealing portion comprising a nucleotide sequence that is non-10 

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 15 

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 20 

quenching oligonucleotide is hybridized to the tag portion; (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 from the 25 

first quenching moiety on the first oligonucleotide probe, and (ii) 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; 

(c) measuring one or more fluorescent signals at a first temperature at which the 30 
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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 5 

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 10 

calculated signal value that is higher than the threshold signal value allows 

determination of the presence of the second target nucleic acid. 

In yet another aspect, the present disclosure refers to a method for detecting two or 

more target nucleic acid sequences in a sample comprising the steps of: (a) 

contacting said sample suspected of containing said two or more target nucleic acid 15 

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 20 

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 25 

first tag portion attached to the 5` terminus or to the 3` terminus of the first 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, wherein the first tag portion comprises a fluorescent moiety whose 

detectable signal is capable of being quenched by the first quencher moiety on the 30 
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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 5 

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: - a second annealing portion comprising a nucleotide sequence 

at least partially complementary to the second target nucleic acid sequence and 10 

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 - a second tag portion attached to the 5` 

terminus or to the 3` terminus of the second annealing portion or attached via a 15 

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 20 

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 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 25 

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;  30 
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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 5 

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 10 

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; (c) measuring one or more fluorescent signals 15 

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; (d) measuring one or more fluorescent signals at a second 

temperature, which is higher than the first temperature, at which the second 20 

quenching oligonucleotide is not hybridized to the second 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 25 

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. 
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Therefore in one example, the disclosure provides for a method for amplification and 

detection of a target nucleic acid in a sample comprising the steps of: (a) contacting 

the sample containing the 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 the target nucleic acid; (ii) an oligonucleotide 5 

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 the subsequence of the target nucleic acid that 10 

is bounded by the pair of oligonucleotide primers, wherein the probe further 

comprises an interactive dual label comprising a reporter moiety located on the tag 

portion or on the annealing portion and a first quencher moiety located on the 

annealing portion and wherein the reporter 
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moiety is separated from the first quencher moiety by a nuclease susceptible 

cleavage site; and wherein the tag portion is reversibly bound in a temperature-

dependent manner to a quenching molecule that comprises or is associated with one 

or more quencher moieties capable of quenching the reporter moiety when the 

quenching molecule is bound to the tag portion; (b) amplifying the target nucleic 5 

acid by PCR using a nucleic acid polymerase having 5` to 3` nuclease activity such 

that during an extension step of each PCR cycle, the nuclease activity of the 

polymerase allows cleavage and separation of the reporter moiety from the first 

quenching moiety on the annealing portion of the probe; (c) measuring one or more 

signals from the reporter moiety at a first temperature at which the quenching 10 

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 signal 15 

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. In one example, PCR amplification is allowed to reach an end-point 

beyond the log phase of amplification (e.g. in the plateau phase).  

In one example, the tag portion comprises a modification such that it is not capable 20 

of being extended by a nucleic acid polymerase. In one example, the reporter moiety 

is on the tag portion of the oligonucleotide probe. In another example, the reporter 

moiety is located on the annealing portion of the oligonucleotide probe and is able to 

interact in a temperature-dependent manner to the quenching molecule that 

comprises the second quencher moiety. In one example, the tag portion comprises a 25 

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 



 7 

 

 

the tag portion by hybridization. In another example, 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. In yet another 

example, the one or more nucleotide modifications is selected from the group 

consisting of Locked Nucleic Acid (LNA), Peptide Nucleic Acid (PNA), Bridged 5 

Nucleic Acid (BNA), 2`-O alkyl substitution, L-enantiomeric nucleotide, or 

combinations thereof. In one example, the reporter moiety is a fluorescent dye and 

the quencher moiety quenches a detectable signal from the fluorescent dye. 

In another example, the disclosure provides for a method for detecting two or more 

target nucleic acid sequences in a sample comprising the steps of: (a) contacting the 10 

sample suspected of containing the 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 15 

first oligonucleotide probe comprising a nucleotide sequence at least partially 

complementary to the first target nucleic acid sequence and anneals within the first 

target nucleic acid sequence bounded by the first pair of oligonucleotide primers, 

wherein the first oligonucleotide probe comprises a fluorescent moiety capable of 

generating a detectable signal and a first quencher moiety capable of quenching the 20 

detectable signal generated by the fluorescent moiety, wherein the fluorescent 

moiety is separated 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 anneals within the second target nucleic acid 25 

sequence bounded by the second pair of oligonucleotide primers, wherein the 

annealing portion comprises a second quencher moiety; and a tag portion 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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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.  In one example, 

PCR amplification is allowed to reach an end-point beyond the log phase of 5 

amplification (e.g. in the plateau phase). 

In one example, the tag portion comprises a modification such that it is not capable 

of being extended by a nucleic acid polymerase. In another example, the tag portion 

is attached to the 5` terminus of the annealing portion. In yet another example, the 

tag portion is attached to the 3` terminus of the annealing portion. In yet another 10 

example, the tag portion is attached via a linker to a region of the annealing portion. 

In another example, the tag portion of the second oligonucleotide probe or the 

quenching oligonucleotide or both the tag portion and the quenching oligonucleotide 

contain one or more nucleotide modifications. In yet another example, the one or 

more nucleotide modifications is selected from the group consisting of Locked 15 

Nucleic Acid (LNA), Peptide Nucleic Acid (PNA), Bridged Nucleic Acid (BNA), 

2`-O alkyl substitution, L-enantiomeric nucleotide, or combinations theoreof.  

In yet another example, the disclosure provides for a method for detecting two or 

more target nucleic acid sequences in a sample comprising the steps of: (a) 

contacting the sample suspected of containing the two or more target nucleic acid 20 

sequences in a single reaction vessel with (i) a first pair of oligonucleotide primers 

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

sequence, and a second pair of oligonucleotide primers with 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 25 

comprising a sequence at least partially complementary to the first target nucleic acid 

sequence and anneals within the first 
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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 5 

determination of the presence of the second target nucleic acid. In one example, PCR 

amplification is allowed to reach an end-point beyond the log phase of amplification 

(e.g. in the plateau phase). 

In one example, the first tag portion and the second tag portion both comprise a 

modification such that both tag portions are not capable of being extended by a 10 

nucleic acid polymerase.  

In one example, 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 . In another example, the first tag portion is attached to the 3` 15 

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. In another example, 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 via a linker to a region of the second annealing 20 

portion of the second oligonucleotide probe. 

In one example, 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. In another example, the first tag portion is attached to the 5` 25 

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 
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second oligonucleotide probe. In another example, 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 via a linker to a region of the second annealing 

portion of the second oligonucleotide probe. 

In one example, the first tag portion is attached via a linker to a region of the first 5 

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. In another example, the first tag portion is attached via a 

linker to a region 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 10 

of the second oligonucleotide probe. In another example, the first tag portion is 

attached via a linker to a region of the first annealing portion of the first 

oligonucleotide probe and the second tag portion is attached via a linker to a region 

of the second annealing portion of the second oligonucleotide probe.  

 In one example, any of the first tag portion of the first oligonucleotide probe or the 15 

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. In one example, 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), 20 

2`-O alkyl substitution, L-enantiomeric nucleotide, or combinations thereof. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

methods of the invention. 25 
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CLAIMS 

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

comprising the steps of: 

(a)  contacting said sample containing said target nucleic acid in a single 

reaction vessel with  5 

(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 10 

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 15 

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 20 

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;  

(b)  amplifying said target nucleic acid by polymerase chain reaction (PCR) 25 

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; 30 
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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 5 

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 10 

threshold signal value allows determination of the presence of the 

target nucleic acid. 

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

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

3. The method of any of claims 1 - 2, wherein the tag portion comprises a 15 

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. 

4. The method of any one of claims 1 to 3, wherein the tag portion comprises a 20 

modification such that it is not capable of being extended by a nucleic acid 

polymerase. 

5. 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. 25 

6. 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`-O alkyl 

substitution, L-enantiomeric nucleotide, or combinations theoreof. 
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7. 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. 

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

sample comprising the steps of: 5 

(a)  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 10 

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 15 

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 20 

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 25 

nucleic acid sequence that is bounded by the second pair of 

oligonucleotide primers, wherein the annealing portion 

comprises a second quencher moiety; and  

- a tag portion attached to the 5` terminus or to the 3` terminus of 

the annealing portion or attached via a linker to a region of the 30 
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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 5 

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 10 

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 15 

oligonucleotide is hybridized to the tag portion;   

(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 20 

polymerase allows  

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

quenching moiety on the first oligonucleotide probe, and  

(ii) cleavage and separation of the fluorescent moiety on the tag 

portion from the second quenching moiety on the annealing portion 25 

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 5 

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 10 

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 15 

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

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

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

10.  The method of claim 9, wherein the tag portion is attached to the 5` terminus 

of the annealing portion. 20 

11. 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. 

12. 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-25 

loop structure. 

13. 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. 

14. 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`-O alkyl 5 

substitution, L-enantiomeric nucleotide, or combinations theoreof. 

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

sample comprising the steps of: 

(a)  contacting said sample suspected of containing said two or more target 

nucleic acid sequences in a single reaction vessel with 10 

(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; 15 

(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 20 

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` 25 

terminus of the first 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, wherein the first tag portion comprises a 

fluorescent moiety whose detectable signal is capable of being 30 
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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 5 

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;  10 

(iv) a second oligonucleotide probe comprising two distinct portions:  

- a second 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 15 

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  

- a second tag portion attached to the 5` terminus or to the 3` 20 

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 25 

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 30 

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 5 

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 10 

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; 15 

(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  20 

(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  25 

(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; 30 
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(c)  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;  5 

(d)  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; 

(e)  obtaining a calculated signal value by subtracting a median or average 10 

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 15 

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. 

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

reach an end-point beyond the log phase of amplification. 20 

17. 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 25 

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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18. 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. 

19. The method of any of claims 15 - 18, wherein the second quenching 

oligonucleotide is connected to the second tag portion of the second 5 

oligonucleotide probe via a stem-loop structure. 

20. 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. 10 

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

the target nucleic acid is performed by digital PCR. 

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

target nucleic acid sequences is performed by digital PCR. 

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

target nucleic acid sequences is performed by digital PCR. 

24. 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 20 

nucleotide modifications. 

25. 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`-O alkyl 

substitution, L-enantiomeric nucleotide, or combinations thereof. 25 

 


