Claims

1. A method for detecting a target nucleotide sequence comprising:
a) tagging the target nucleotide sequence with a nucleotide tag sequence, thereby pfoducing a
tagged target nucleic acid sequence;

b) providing a probe oligonucleotide comprising a nucleotide tag recoghition sequence
complementary to the nucleotide tag sequence and a regulatory sequence 5° t¢/'the nucleotide tag
recognition sequence, wherein said probe oligonucleotide comprises a first label and has a melting
temperatore Tml;

c) amplifying the tagged target nucleic acid sequence in a PCR ampplification reaction using the
probe oligonucleotide as a primer, wherein said PCR amplification feaction is characterized by an
annealing temperature Tg;

wherein the PCR amplification reaction is carried oMt in the presence of a regulatory
oligonucleotide comprising a sequence segment that is compplementary to the regulaiory sequence,
wherein said regulatory oligonucleotide comprises a second Jdbel and has a melting temperature Tm2; and

d) detecting the product of the PCR amplificationAfeaction;

wherein the first label and the second label ¢dnstitute a fluorescent reporter/quencher pair; and

wherein Tml and Tm?2 are both higher than Ta.

2, The method of claim 1 wherein the nuclectide tag sequence is incorporated into the

tagged target nucleic acid sequence using # PCR reaction.

3. The method of clgfim 1 wherein the nucleotide tag recognition sequence is exactly

complementary to the nucleotide fag sequence.

4. The methptl of claim 1 wherein the regulatory oligonucleotide comprises a sequence

segment that is exactly gomplementary to the regulatory sequence.

5. THhe method of claim 4 wherein the regulatory oligonucleotide has a length in the range of

15-45 nucleotides.

The method of claim 1 wherein Ta is in the range of 55-62°C.
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7. The method of claim 1 wherein Ta is in the range of 60-64°C.

3. The method of claim 1 wherein Ta is in the range of 60°C-62°C.

0. The method of claim 1 wherein Tml is at least 25°C higher than th€ annealing

temperature (Ta).

10. The method of claim 9 wherein T2 is at least 2°C higher than the afinealing temperature
{Ta).

11. The method of claim 10 wherein Tm2 is in the range of 60,75°C,

12 The method of claim 8 wherein the PCR amplification reaction is carried out in a reaction

volume greater than 500 nL.

13. The method of claim 12 wherein the PCB/ amplification reactions are carried out in a

multiwell plate comprising 96-1536 wells.

14. The method of claim 8 whereiry/the PCR amplification reaction is carried out in a

reaction volume less than 100 nL.

15. The method of claim 13 wherein the PCR amplification reaction is carried out in a

microfluidic device.

16. The method of ¢laim 15 wherein Ta is 60°C.

17. The methdd of claim § wherein the PCR amplification reaction comprises at least 20

cycles at the annealing femperature (Ta).

18. 1e method of claim 9 wherein Tm2 is at least 4°C higher than the annealing temperature
(Ta).

The method of claim ¢ wherein Tm2 is at least 10°C higher than the annealing

temperature (Ta).
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20. The method of claim 8 wherein the PCR amplification reaction is carried out in a reacfion

volume greater than 1 ul.

21. A kit comprising:

a) a first tagging primer comprising a first nucleotide tag sequence and a first tafget nucleotide
recognition sequence that hybridizes to a first allele at a polymorphic site in a tdrget nucleic acid
sequence;

b) a second tagging primer comprising a second nucleotide tag sequefice and a second target
nucleotide recognition sequence that hybridizes to a second allele at the pglymorphic site in the target
nucleic acid sequence;

¢) a reverse primer;

d) a first probe oligonucleotide comprising (i) a first pficleotide tag recognition sequence
complementary to the first nucleotide tag sequence and (ii} a frst regulatory sequence 5° to the first
nucleotide tag recognition sequence, wherein the first probe gligonucleotide comprises a first label and
has a melting temperature Tm1;

e) a first regulatory oligenucleotide comprising #first sequence segment that is complementary to
the first regulatory sequence, wherein the first reguldtory oligonucleotide comprises a second label and
has a melting temperature Tm2;

f) a second probe oligomucleotide comgprising (i} a second nucleotide tag recognition sequence
complementary to the second nucleotide (3£ sequence and (ii) a second regulatory sequence 5’ to the
second nucleotide tag recognition sequepte, wherein the second probe oligonucleotide comprises a third
label and has a melting temperature Tyi3; and

g) a second regulatory Aligomucleotide comprising a second sequence segment that is
complementary to the second/regulatory sequence, wherein the second regulatory oligonucleotide
comprises a fourth label and Jfas a melting temperature Tm4,

wherein Tml, Tpi2, Tm3, and Tm4 are higher than an annealing temperature Ta of a PCR

amplification reaction.

) a first probe oligonucleotide comprising (i) 2 first nucleotide tag recognition sequence

lementary to the first nucleotide tag sequence and (ii) a first regulatory sequence 5’ to the first
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nucleotide tag recognition sequence, wherein the first probe oligonucleotide comprises a first label and
has a melting temperature Tm1,

c) a first regulatory oligonucleotide comprising a first sequence segment that is complementgry to
the first regulatory sequence, wherein the first regulatory oligonucleotide comprises a second Jdbel and
has a melting temperature Tm2;

d) a second tagged target nucleic acid sequence comprising a second allele at thé€ polymorphic
site and a second nucleotide tag sequence;

e) a second probe oligonucleotide comprising (i) a second nucleotide tag pécognition sequence
complementary to the second nucleotide tag sequence and (ii) a second regulagory sequence 5° to the
second nucleotide tag recognition sequence, wherein the second probe oligonycleotide comprises a third
label and has a melting temperature Tm3; and

f) a second regulatory oligonucleotide comprising a secofd sequence segment that is
complementary to the second regulatory sequence, wherein the Aecond regulatory oligonucleotide
comprises a fourth label and has a melting temperature Tm4,

wherein the PCR amplification reaction is characterizegt’by an annealing temperature Ta, wherein
the first label and the second label constitute a first fluoresgént reporter/quencher pair, wherein the third
label and the fourth labe] constitute a secand fluorescent feporter/quencher pair, and whereint Tml, Tm2,
Tm3, and Tmd4 are higher than Ta.

23, The kit of claim 21, or the PCR/amplification reaction of claim 22, wherein Ta is in the
range of 55-62°C.

24. The kit of claim 21, opthe PCR amplification reaction of claim 22, wherein Ta is in the
range of 60-64°C,

25. The kit of cla#tn 21, or the PCR amplification reaction of claim 22, wherein Ta is in the
range of 60°C-62°C.

26. The Kit of claim 21, or the PCR amplification reaction of claim 22, wherein Ta is 60°C.
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Claims

1. A method for detecting a target nucleotide sequence comprising:

a) tagging the target nucleotide sequence with a nuclectide tag sequence, thereby producing a
tagged target nucleic acid sequence;

b) providing a probe oligonucleotide comprising a nucleotide tag recognition sequence
complementary to the nucleotide tag sequence and a regulatory sequence 5° to the nucleotide tag
recognition sequence, wherein said probe oligonuclectide comprises a first label and has a melting
temperature Tml;

¢} amplifying the tagged target nucleic acid sequence in a PCR amplification reaction using the
probe oligonucleotide as a primer, wherein said PCR amplification reaction is characterized by an
annealing temperature Ta;

wherein the PCR amplification reaction is carried out in the presence of a regulatory
oligonucleotide comprising a sequence segment that is complementary to the regulatory sequence,
wherein said regulatory oligonucleotide comprises a second label and has a melting temperature Tm?2; and

d) detecting the product of the PCR amplification reaction;

wherein the first label and the second label constitute a fluorescent reporter/quencher pair; and

wherein Tml and Tm2 are both higher than Ta.

2. The method of claim 1 wherein the nucleotide tag sequence is incorporated into the

tagged target nucleic acid sequence using a PCR reaction.

3. The method of claim 1 wherein the nucleotide tag recognition sequence is exactly

complementary to the nucleotide tag sequence.

4, The method of claim 1 wherein the regulatory oligonucleotide comprises a sequence

segment that is exactly complementary to the regulatory sequence.

5. The method of claim 4 wherein the regulatory oligonucleotide has a length in the range of

15-45 nucleotides.

6. The methed of claim I wherein Ta is in the range of 55-62°C.

7. The method of claim 1 wherein Ta is in the range of 60-64°C.
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8. The method of claim 1 wherein Ta is in the range of 60°C-62°C.

9. The method of claim 1 wherein Tml is at least 25°C higher than the annealing

temperature (Ta).

10. The method of claim 9 wherein Tm2 is at least 2°C higher than the annealing temperature
(Ta).

11. The method of claim 10 wherein Tm?2 is in the range of 60-75°C.

12. The method of claim 8 wherein the PCR amplification reaction is carried out in a reaction

volume greater than 500 nL.

13. The method of claim 12 wherein the PCR amplification reactions are carried out in a

multiwell plate comprising 96-1536 wells.

14. The method of claim 8 wherein the PCR amplification reaction is carried out in a

reaction volume less than 100 nL.

15. The method of claim 14 wherein the PCR amplification reaction is carried out in a

microfluidic device.

16. The method of claim 15 wherein Ta is 60°C.

17. The method of claim 8 wherein the PCR amplification reaction comprises at least 20

cycles at the annealing temperature (Ta).

18. The method of claim 9 wherein Tm?2 is at least 4°C higher than the annealing temperature
(Ta).

19. The method of claim 9 wherein Tm2 is at least 10°C higher than the annealing
temperature (Ta).
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20. The method of claim 8 wherein the PCR amplification reaction is carried out in a reaction

volume greater than 1 uL.

21. A kit comprising:

a) a first tagging primer comprising a first nucleotide tag sequence and a first target nucleotide
recognition sequence that hybridizes to a first allele at a polymorphic site in a target nucleic acid
sequernce;

b) a second tagging primer comprising a second nucleotide tag sequence and a second target
nucleotide recognition sequence that hybridizes to a second allele at the polymorphic site in the target
nucleic acid sequence;

¢) a reverse primer;

d) a first probe oligonucleotide comprising (i) a first nucleotide tag recognition sequence
complementary to the first nucleotide tag sequence and (i} a first regulatory sequence 5° to the first
nucleotide tag recognition sequence, wherein the first probe oligonucleotide comprises a first label and
has a melting temperature Tm1,

e) a first regulatory oligonucleotide comprising a first sequence segment that is complementary to
the first regulatory sequence, wherein the first regulatory oligonucleotide comprises a second label and
has a melting temperature Tm2;

f) a second probe oligonucleotide comprising (i) a second nucleotide tag recognition sequence
complementary to the second nucleotide tag sequence and (ii) a second regulatory sequence 5° to the
second nucleotide tag recognition sequence, wherein the second probe oligonucleotide comprises a third
label and has a melting temperature Tm3; and

g) a second regulatory oligonucleotide comprising a second sequence segment that is
complementary to the second regulatory sequence, wherein the second regulatory oligonucleotide
comprises a fourth label and has a melting temperature T4,

wherein Tml, Tm2, Tm3, and Tm4 are higher than an annealing temperature Ta of a PCR

amplification reaction.

22. A PCR amplification reaction mixture comprising:

a) a first tagged target nucleic acid sequence comprising a first allele at a polymorphic site and a
first nucleotide tag sequence;

b) a first probe oligonucleotide comprising (i) a first nucleotide tag recognition sequence

complementary to the first nucleotide tag sequence and (ii) a first regulatory sequence 5’ to the first
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nucleotide tag recognition sequence, wherein the first probe oligonucleotide comprises a first label and
has a melting temperature Tm1;

¢) a first regulatory oligonucleotide comprising a first sequence segment that is complementary to
the first regulatory sequence, wherein the first regulatory oligonucleotide comprises a second label and
has a melting temperature Tm?2;

d) a second tagged target nucleic acid sequence comprising a second allele at the polymorphic
site and a second nucleotide tag sequence;

e) a second probe oligonucleotide comprising (i) a second nucleotide tag recognition sequence
complementary to the second nucleotide tag sequence and (ii) a second regulatory sequence 5° to the
second nucleotide tag recognition sequence, wherein the second probe oligonucleotide comprises a third
label and has a melting temperature Tm3; and

f) a second regulatory oligonucleotide comprising a second sequence segment that is
complementary to the second regulatory sequence, wherein the second regulatory oligonucleotide
comprises a fourth label and has a melting temperature Tm4,

wherein the PCR amplification reaction mixture possesses an annealing temperature Ta, wherein
the first label and the second label constitute a first fluorescent reporter/quencher pair, wherein the third
label and the fourth label constitute a second fluorescent reporter/quencher pair, and wherein Tml, Tm2,

Tm3, and Tm4 are higher than Ta.

23. The kit of claim 21, or the PCR amplification reaction mixture of claim 22, wherein Ta is

in the range of 55-62°C.

24, The kit of claim 21, or the PCR amplification reaction mixture of claim 22, wherein Ta is

in the range of 60-64°C.

25, The kit of ¢laim 21, or the PCR amplification reaction mixture of claim 22, wherein Ta is
in the range of 60°C-62°C.

26. The kit of claim 21, or the PCR amplification reaction mixture of ¢laim 22, wherein Ta is
60°C.
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