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ABSTRACT

The invention provides a method for detecting a target nuciectide sequence by
tagging the nuclectide sequence with a nucleotide tag, providing a probe
aliganucleotide with a metting temperature Tm1, comprising a regulatory
sequence and a nucieotide tag recognition sequence; incorporating the probe
oligonuclectide into the tagged polynuclectide in a polynucleotide amplification
reaction, providing a regulatory oligonucleotide with a melting temperature Tm2,
comprising a sequence segment that complementary to the regulatery sequence
and a tail segment that does not hybridize to the probe nucleotide when the
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sequence segrnent and the regulatory sequence are annealed, amplifying the tagged target nucleic acid sequence in a PCR amplification reaction using the probe
oligonucleotide as a primer, and using a DNA polymerase with high strand displacement activity and low 5-nuclease activity, and detecting the amplification product;
wherein Tm1 and Tm2 are higher than the annealing temperature associated with the polynucleotide amplification reaction.

DESCRIPTION

" PATENT APPLICATION
NUCLEIC ACID DETECTION USING PROBES
CROSS REFERENCE TO RELATED APPLICATIONS

[0001 ] This application claims priority to U.S. patent application No. 13/467,933,
filed May 6, 2012, and L..S. provisional application No. 61/484,108, filed May 9,
2011. The entire contents of both applications are incorporated herein by
reference.

FIELD OF THE INVENTION

[0C02] The invention relates to a PCR-based detection system suitable for
nucleotide polymorphism (SNP) genotyping and other genetic assays.

BACKGROUND OF THE INVENTION

[0003] Fluorescent reporter molecule - quencher molecule pairs have been
incorporated onto probe oligonuclectides in order to moniter biclogical events
based on the fluerescent reporter molecule and quencher maolecule being
separated or brought within a minimum quenching distance of each other. For
example, probes have been developed whers the intensity of the reporter molecule
fluorescence increases due to the separation of the reporter molecule from the
quencher molesule. Probes have also been dewveloped which lose their
fluorescence because the guencher molecule is brought into proximity with the
reporter molecule. These reporter - quencher molecule pair probes have been
used to moniter hybridization assays and nucleic acid amplification reactions,
especially pclymerase chain reactions {PCR), by monitoring either the
appearance or disappearance of the flucrescence signal generated by the reporter
motecule.

[0004] One particularly important application for probes including a reporter -
quencher molecule pair is their use in nucleic acid amplification reactions, such
as polymerase chain reactions (PCR), to detect the presence and amplification of
a target nucleic acid sequence. In general, nucleic acid amplification technigues
have opened broad new approaches to genetic testing and DNA analysis.

CLAIMS :;

1.
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We claim:

1. A method for detecting & target polynuclectide sequence
in a sample, comprising:

a) combining

i} @ probe oligonuciectide that hybridizes to the target
palynucleotide and acts as a forward primer for PCR
ampiification, comprising a nucleotide tag recognition
sequence, a regulatory sequence positioned 5' to the
nucleotide tag recognition sequence, and a reporter moiety;

il & primer that hybridizes 1o the target polynucleotide and
acts a8 a reverse primer for PCR amplification;

iiiy a thermostable DNA pofymerase,

by amplifying the target polynuclectide sequence in 2 PCR
amplification reaction using said probe oligonuclectide and
sald primer, thereby producing an amplicon comprising the
regulatory sequence;

wherein the PCR amplification reaction is carried out in the
presence of a regulatory oligonucleotide comprising

i} a sequence segment thal is complementary 1o the
reguiatory sequence, i) a 5' tall segment that is not
complementary to the probe oligonuziestide: and

iii} & guencher molety

wharein the reporter molety and the gquencher moiety are
fluorescent reporter- quancher pair;

wherein the sequence segment of the regulatory
oligonucieotide hybridizes to said regulatory sequence in one
strand of said amplicon, whereby the signal from the reporter
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Arnheim and Erich, Ann. Rev. Biochem., 811 131-156 {1982). PCR, In particular,
has become a research tool of major importance with applications in, for example,
cloning, analysis of genetic expression, DNA sequencing, genetic mapping and
drug discovery. Amheim and Erlich, Ann. Rev. Biochem., 61 : 131 -156 {1992);
Gilliland et al., Proc. Natl. Acad. Sci., 87: 27252729 (1990}, Bevan et al., PCR
Methods and SUMMARY OF THE INVENTION

[0COS] In ore aspect, the invention provides a method for detecting a target
polynuclectide sequence in a sample, comprising a) combining i) @ probe
oligonucleotide that hybridizes to the target polynucleotide and acts as a forward
primer for PCR amplification, comprising a nucleotide tag recognition sequence, a
regulatory sequence positioned &' to the nuclectide tag recognition sequence, and
a reporter moiety; ii} a primer that hybridizes to the target polynuclectide and acts
as a reverse primer for PCR amplification; iii} a thermostable DNA polymerase, b}
amplifying the target pofynucleotide sequence in a PCR amplification reaction
using said probe oligonuclectide and said primer, thereby producing an amplicon
comprising the regulatory sequence; wherein the PCR amplification reaction is
carried out in the presence of a regulatory oligonuciectide comprising i) a
sequence segment that is complementary to the regulatory sequence, ii) & 5' tail
segment that is not complementary to the probe oligonucleotide; and iii) a
quencher moiety wherein the reporter moiety and the guencher moiety are
fluorescent reporter-guencher pair; wherein the sequence segment of the
regulatory oligonuclectide hybridizes to said regulatory sequence in one strand of
said amplicen, whereby the signal from the reporter molety is quenched by
quenching moiety; and ¢) detecting a signal produced by the fluorescent reporter,
said signal resulting from the displacement of the regulatery ofigonucleotide from
the amplicon.

[0008] In an embediment the probe oligonucleotide has a melting temperature
Tm1 , regulatory cligonuclectide has a melting temperature Tm2; the PCR
amplification reaction is characierized by an annealing temperature Ta; and Tm1
and Tm2 are both higher than Ta.

[0007] In a related aspect the invention provides a methad for detecting a target
nuclectide sequence comprising: a) tagging the target nuclectide segquence with a
nucleotide tag sequence, thereby producing a tegged target nucleic acid
sequence; b) providing a probe cligonucieotide comprising a nucleotide tag
recognition sequence compiementary o the nuclectide tag sequence and a
regulatory sequence 5' to the nuclectide tag recognition sequence, wherein said
probe oligonuclectide comprises a first label and has a melting temperature Tm1 5
c) amplifying the tagged target nucleic acid sequence in a PCR amplification
reaction using the probe oligonuciectide 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 and a tail segment with a sequence net complementary to
the probe oligonucleotide sequence, wherein said regulatory oligonuclestide
comprises a second label and has a melting temperature Tm2; and d} detecting
the preduct of the PCR amplification reaction; wherein the first label and the
second label constitute & fluorescent reporter/quencher pair; and wherein Tm1
and Tm2 are both higher than Ta.

10008] In some embadiments the thermostabie DNA polymerase has stand
displacement activity that is greater than the strand displacement activity of native
Thermus aquaticus {Taq) DNA pelymerase. In some embodiments the
thermostable DNA polymerase has stand displacement activity that is af least as
great as the displacement activity of Thermococcus litoralis DNA polymerase. In
some embodiments the thermostable DNA polymerase has 5'- exonuclease
activity that is lower than that of not higher than that of native Thermus aquaticus
(Tag) DNA polymerase. In some embodiments the thermostable DNA polymerase
has 5-exanuclease activty that is not higher than that of Thermococcus litoralis
DNA polymerase, In some embodiments the thermostable DNA polymerase is a
recombinant DNA polymerase derived from a naturally occurring thermostable
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moiety is quenched by quenching moiety; and

¢) detseting a signal preduced by the fluorescent raporier,
said signal resulting froen the displacement of the regulatory
oligonuclectide from the amplicon.

2. The mathod of claim 1 wherein the probe oligonucleotide
has a melting temperature Tm1 , regulatory oligonuclectide
has a melting temperature Tm2; the POR amplification
reaction is characterized by an annealing temperature Ta;
and ‘Tm1 and Tm2 are both higher than Ta.

3. A method for detacting a target nuciectide sequence
comprising:

a) tagging the target nuclectide sequence with a nucleotide
tag sequence, thereby producing a tagged target nuclsic
acld sequence; b} providing a probe oligonuclectide
comprising & nuclectide tag recognition sequence
complementary to the nuclectide tag sequence and a
regulatory sequence 5' to the nuclectide tag recognition
sequence, wherain said probe oligonucleotide comprises a
first label and has a meliing temperature Tm1 ;

¢} amplifying the tagged target nuclelc acid sequence in a
PCR amplification reaction using the probe ofigonucleotide
as a primer, wherein sai¢ PCR amphfication reaction is
characterized by an annealing temperature Ta;

wherein the PCR amplification reaction is carried out in the
presence of a regulatory oligonuclectide camprising a
sequence segmant thal is complementary to the regulatory
sequence and a tail segment with & sequence not
complementary to the probe

oligonuciectide sequence, wherein said regulatory
aligonucieatide comprises a second label and has 2 metting
temperature Tm2; and

d) detecting the preduct of the PCR amplfication reaction;

whersin the first iabel and the second iabel constitute a
fluorescent reporter/quencher pair; and wherein Tm1 and
T2 are both higher than Ta,

4. The method of claims 1-3, whereln the thermostable DNA
polymerase has stand disptacernent activity that is greater
than the strand displacement activity of native Thermus
aguaticus (Tag) DNA polymerase.

5. The method of claim 4, whergin the thermostable DNA
polymerase has stand displacement activity that is at least
as great as the displacement activity of Thermococcus
litoralis DNA polymerase.

6. The method of claims 1-5, wherain the thermostable DNA
polymerase has 5~ exonuclease activity that is lower than
that of not higher than that of native Thermus aquaticus (T: ac)
DINA polymerase.

7. The method of claims 1-6, wherein the thermostable DNA
polymerase has 5- exenuclease activity that is not higher
than that of Thermocecous litoralis DNA polymerase.

8. The methed of claims 1-7 whetein the thermostable DNA
poiymerase 15 a recombinant DNA polymerase derved from
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DNA polymerase, wherein the thermostable DNA polymerase has reduced 5'
nuclease activity compared to the naturally occurring DNA polymerase. in some
embediments the thermostable DNA polymerase is a recombinant DNA
polymerase derived from Thermus aquaticus (Tag) DNA polymerase. In some
embodiments the thermostable DNA polymerase is Thermococcus litoralis DNA
polymerase, Bacilius stearothermophilus DNA polymerase or Bacillus caldotenax
DNA polymerase, or a recombinant DNA polymerase derived from

Thermococcus litoralis DNA polymerase, Bacillus stearothermophilus DNA
palymerase or Bacillus caldotenax DNA polymerase. In some embodiments the
nucleotide tag sequence is incorporated into the tagged target nucleic acid
sequence using a PCR reaction. In some embodiments the nucleotide tag
recognition sequence is exactly complementary to the nucleotide tag sequence.
In some embodiments the regulatory oligonuctectide comprises a sequence
segment that is exactly compiementary to regulatory sequence. In some
embodiments the regulatory oligonuclectide has a length in the range of 1545
nuclectides. In some embodiments the Ta Is in the range of 55-64°C. In some
embodiments the PCR amplification reaction comprises at least 20 cycles at the
annealing temperature {Ta). In some embodiments the tail segment of the
regulatory oligenucleotide has a length of from 5 to about 25 bases, such as a
length of 5-8 bases. in some embodiments the tail segrment is at least about 70%
GC. In some embodiments the tail segment is 100% nencomplementary to the
region of the probe oligonucleotide to which it corresponds when the regulatory
oligonucleoctide is aligned to the prabe nucleotide.

[0009] In cne aspect, the invention provides a method for detecting a target
nucleciide sequence comprising:

2) tagging the target nucleotide sequence with a nuciectide tag sequence,
thereby producing a tagged target nucleic acid sequence; b) providing a probe
eligonuclectide comprising a nuclectide tag recagnition sequence complementary
to the nucleotide tag sequence and a regulatory sequence 5 fo the nuclectide tag
recognition sequence, wherein said probe oligonuclectide comprises a first label
and has a melting temperature Tm1 ;

¢} amplifying the tagged target nucleic acid sequence in & 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 camied out in the presence of a
regulatory oligonuclectide comprising a sequence segment that is complementary
to the reguiatory sequence and a tail segrment with a sequence not
complementary to the probe

oligonuclectide sequence, wherein said regulatery oligonucteotide comprises a
second [abel and has & melting temperature Ty2; and

d) detecting the product of the PCR amplification reaction;

whereln the first label and the second label constitute a fluorescent
reporter/quencher pair; and wherein Tyfl and Ty2 are both higher than Ta.

f0010] In an embociment, the tag sequence is incorporated into the fagged target
nucleic acid sequence using a PCR reaction.
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a naturally oceurring thermostable DNA polymerase, wherein
the thermostable DNA pofymerass has reduced 5 nuclease
activity compared to the naturally occurring DNA
polymerase.

9. The method of claim 8 wherein the thermostable DNA
polymerase is & recombinant DNA polymerase derlved from
Thermus aquaticus (Tag) DNA polymerase.

10. The method of claim 1-7 wherein the thermostable DNA
polymerage is Thermocoecus litoralis DNA polymerase,
Bacillus stearothermophilus DNA poiymerase or Baclllus
caldotenax DNA polymerase, or @ recombinant DNA
polymerase derived from Therrnococous litoralis DNA
polymerase, Bacillus stearothermophiius DNA palymerase or
Bacillus caldotenax DNA polymerase.

11. The methed of 1 wherein the nuclectide tag sequence is
incorparated Into the tagged terget nucleic acid sequence
using a PCR reaction.

12. The method of claim 1 whersin the nuclectide tag
recoghition sequence is exactly complementary to the
nucleotice tag sequence.,

13. The method of ary of claims 1 - 12 whersin the
reguiatory oligonuclectide comprises a sequence segrment
that is exactly complementary to regulatory sequence,

14. The method of any of claims 1 - 12 wherein the
regulatory oligonuciectide has a length in the range of 15-45
nuclentides.

15, The method any of claims 1 - 14 wherein Ta Is in the
range of 55-64°C,

16. The method of any of claims 1 - 14 wherein the PCR
amplification reaction comprises al least 20 cycies at the
annealing temperature (Ta).

17. The method of any of claims 1- 16 wherein the tall
segment of the reguiatory oligenuciectide has a length of
from 5 to about 25 bases 8. The methed of claim 17 wherein
the tail segmert has a length of 5-8 bases,

18. The method of claims 17 and 18 wherein the fail segment
is al least aboui 70% GC.

20. The methed of any of claims 1- 19 whereln the tail
segment is 100% noncomplementary to the region of the
probe cligonuclectide to which it corresponds when the
regulatory oligonuclectide is aligned to the probe nuclectide.

[0811] In an embodiment, the nucleotide tag recognition sequence is exactly complementary to the nuciectide tag sequence.
In an embodiment, the regulatory oligonucleotide comprises a sequence segment that is exactly complementary to
regulatory sequence. In an embediment, the regulatory oligonuclectide has a length in the range of 15- 45 nucleotides. In an
embodiment, Ta is in the range of 55-62°C. In an emboadiment, Ta is in the range of 60-84°C. In an embodiment, Ta is in the
range of 80°C-62°C. in some embodiments, Tm1 is at least 25°C higher than the anngaling temperature (Ta). In some
embodiments, Tm2 is at least at least 2°C, at least 3°C, at least 4°C, at least 5°C, or at least 10°C higher than the annealing
temperature {Ta). In some embodiments Tm2 is in the range of 60-75°C. In some embadiments, Tm1 and Tm2 are calcuiated

by the formula: Tr, (°C) = 4(G+CH2(A<T).

[0012] In some embodiments the PCR amplification rezction is caried out in a reaction volume greater than 500 nL, or
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greater than 1 uL. For example, in some embodiments the PCR amplification reactions are caried out in a multiwell plate
comprising 961536 wells. In some embodiments, Ta is about 57°C

[0013] In some embodiments the PCR ampiification reaction is carfed out in a reaction volume less than 100 nL. In some
embodiments the PCR amplification reaction is camied out in a microfiuidic device. in some embodiments Ta is about 80°C.
10014] In certain embediments, Ta is the yielding annealing temperature. In some embodiments the PCR amplification
reaction comprises at least 20 cycles at the annealing temperature (Tz).

BRIEF DESCRIPTION OF THE DRAWINGS

T0015] Figure 1 illustrates an assay for genotyping. T = target sequence, or complement; X, Y = tag sequence, of
complement, Rg,

RR=

reporters, Q = quencher(s), z, w = regulatory sequence, or complement, “L1" and "L2" = independently selected tall
(unhybridized) segments, or complement.

[0018] Figure 2 contrasts the present invention {A) in which a "tailed" regulatory oligonuclectide is used and (B) the same
assay in which the regulatory oligonuclectide is not tailed. As shown in Fig. 24, an allele-specific primer possessing a
universal coding sequence and a reverse primer participate in a PCR reaction to generate an encoded ampficon. A probe
oligonuclestide comprising a flucrescent reporter moiety and further comprising a region complementary to the encoded
region of the amplicen, and a regulatory oligonuclectice with a segment that is complementary to 2 portion of the probe

oligonuclectide and frther comprises an noncompiementary {tail) region, are present in the reaction mixiure. The
fluorescently labeled probe oligonucleotide acts as a forward primer in a subseguent PCR reaction step and is incorporated
into a new amplicon. The regulatory oligonuclectide hybridizes to the incorporated probe oligonucleotide sequence, quenching
the reporter signal. The regulatory oligonuclectide is displaced by the action of a polymerase with high strand dispiacement
activity and low 5' nuclease activty, resulting in the fluorescence from the (unguenched) reporter, Presenvation of the integrity
of the regulatory oligonuclectide is advantageous so that it remains available to hybridize and quench flucrescence from
nonincorporated probe oligenuclectide in the reaction mixture. The displaced, but intact, regulatory oligonucieotide binds free
probe oligonucieotide, decreasing background flucrescence. In contrast, as illustrated in Fig, 2B, the omission of the
noncomplimentary sequence (“tail") from the regulatory oligonuclectide can result in digestion of the regulatory
oligonucleotide. Thermostable DNA polymerases are represented by a circle and arrows.

DETAILED DESCRIPTION
A. DEFINITIONS

[0017] Tetrns used In the claims and specification are defined as set forth below unless otherwise specified. These terms are
defined specifically for clarity, but all of the definitions are consistent with how & skillad person in the art would understand
these terms. [0018] It also noted that as used herein and in the appended claims, the singular forms "a," *an,” and "the"
include the plural reference unless the context clearly dictates otherwise. Tnus, for example, a reference to "a cell” is a
reference to one or more cells and equivalents thereof known to those skilled in the art.

[6019] As used hersin, "immobilized” means insolubilized or comprising, attached to or operatively associated with an
insoluble, partially insoluble, colloidal, particulate, dispersed, suspended and/or dehydrated substance or a molecule or solid
phase comprising or attached to a solid support.

[0020] As used herein, "solid support” refers to a composition comprising an immeobilization matrix such as but not limited to,
insolubllized substance, solid phase, surface, substrate, layer, coating, woven or nonwoven fiber, matrix, crystal, membrane,
inscluble polymer, plastic, glass, biolcgical or biocompatible or bicerodibie or biodegradable polymer or matrix, microparticle
or nancparticle. Solid supports Include, for example and without mitation, monclayers, bilayers, commercial membranes,
resins, matrices, fivers, separation media, chromatography supports, polymers, plastics, glass, mica, goid, beads,
microspheres, nanospheres, silican, gallium arsenide, organic and inorganic metals, semiconductors, insulators,
micrestructures and nanostructures. Microstructures and nancstructures may include, without limitation, microminiaturized,
nanemeter-scale and supramolecular probes, tips, bars, pegs, plugs, rods, sieeves, wires, filaments, and fubes.

[0021] The terr “adjacent,” when used herein to refer two nucleotide secuences in a nucleic acld, can refer to nucleotide
sequences separated by 0 (zero) to about 20 nucieotides, more specifically, separated by about 1 to about 10 nucleotides, or
sequences that directly abut one ancther (i.e., separated by zero nucleotides).

[0622] The term "nucleic acid” refers to a nucleotide pelymer, and unless otherwise limited, inclides analogs of natural
nuclestides that ean function in a similar manner (e.g., hybridize) to naturally occurring nuclectides. Unless otherwise limited
"nucleic acids” can include, in addition to the standard bases adenine, cytosine, guanine, thymine and uracil, various
naturally occuming and synthetic bases (e.g., inosine), nuclectides andfor backbones.
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[0023] The term nucleic acid includes any form of DNA or RNA, including, for example, genomic DNA; complementary DNA
(cDNA), which s a DNA representation of mRNA, usually obtained by reverse transcription of messenger RNA {mRNA) or by
amplification; DNA molecules produced synthetically or by amplification; and mRNA.

[0024] The term nucleic acid encompasses double- or triple-stranded nucleic acids, as well as single-stranded molecules. In
double- or triple-stranded nucleic acids, the nucleic acid strands need not be coextensive (i.e., a double-stranded nucleic acid
need not be double-stranded along the entire length of both strands). [0025] The term nucleic acid also encompasses any
chemical modification therecf, such as by methylation and/or by capping. Nucleic acid modifications can include addition of
chemical groups that incomerate additional charge, hydrogen bonding, electrostatic interaction, and functionality to the
individual nucleic acid bases or o the nucleic acid as a whole. Such modifications may include base modifications such as
Z-position sugar madifications, 5-position pyrimidine modifications, 8-position purine modifications, modifications at cytosine
exocyclic amines, substitutions of S-bromo-uracil, backbone modifications, unusual base pairing combinations such as the
iscbases isocytidine and isoguanidine, and the like.

[0026] More particularly, in certain embodiments, nucleic acids, can include polydeoxyribonucleotides (containing 2-deoxy-D-
ribose), potyribonuclectides (containing D- ribose), and any other type of nucleic acid that is an N- or Crglycoside of & purine
or pyrimidine base, as well as other polymers containing normucteotidic backbones, for example, polyamide (e.g., peptide
nuclefc acids (PNAs)) and polymorpholine {commercially avaiiable from the Anti-Virals, inc., Gorvaliis, Oreg., as Neugene)
polymers, and other synthetic sequence-specific nucleic acid potymers providing that the polymers contain nucleobases in a
configuration which allows for base pairing and base stacking, such as is found in DNA and RNA. The term nucleic acid also
encompasses finked nucleic acids (LNAs), which are described in U.S. Pat. Nos. 6,794,499, 6,670,461, 6,262,490, and
6,770,748, each of which is incorporated herein by reference.

[0C27] The nucleic acid(s) can be derived from a cempletely chemical synthesis process, such as a solid phase-mediated
chemical synthesis, from a biological source, such as through isolation fom any species that produces nucleic acid, or from
processes that imwlve the maripulation of nucleic acids by molecuiar biclogy tools, such as DNA replication, PCR
amplification, reverse transcription, or from a combination of those processes.

{0028] The term “target nucleic acids" is used herein to refer to particular nucleic acids to be detecied in the methods of the
imention.

[0029] As used herein the term "target nuclectide sequence” refers to a nucleotide sequence of interest, such as, for
exampie, the amplification product obtained by amplifying a target nucleic acid or the cDNA produced upon reverse
transcription of an RNA target nucleic acid. In the case of RNA, the target nuclectide sequence can substitute thyridine (T)
for uracil ({U).

[0030] As used herein, the term "complementary” refers to the capacity for precise pairing between two nuclectides. l.e., ifa
nucleotide at a given position of a nucleic acid is capable of hydrogen bonding with a nuclestide of another nucleic acid, then
the two nuclsic acids are considered to be complementary to one another at that position. A "complement” may be an
exactly or partially complementary sequence. Complementarity between two single-stranded nucleic acid molecules may be
"partial,” in which only some of the nucleotides bind, or it may be complete when total complementarity exists between the
single-stranded molecules. Two oligonuclectides are considered to hawe "complementary” sequences when there is sufficient
complementarity that the sequences hybridize (forming a double stranded region) under assay condftions. The degree of
complementarity between nucleic acid strands has significant eflects on the efficiency and strength of hybridization between
nucteic acid strands. Two sequences that are partially complementary may hawe, for example, at least 90% identity, or at
least 85%, 96%, 97%, 98%, or 99% identity sequence over a sequence of at least 7 nuclectides, more typically over a
sequence of 10- 30 nucleotides, ofien over a sequence of 14-25 nucleotides, and sometimes over a longer sequence (e.g. ,
26-100 nuclectides in length), 1 will be understood that the 3' base of 2 primer seguence will desirably be perfectly
complementary to comesponding bases of the target nucleic acid sequence to allow priming te oceur,

[0031] "Specific hybridization” refers to the binding of a nucleic acic to a target nucleotide sequence in the absence of
substantial binding to cther nuclectide sequences present in the hybridization mixture under defined stringency conditions.
Those of skill in the art recognize that relaxing the stringency of the hybridization conditions allows sequence mistatches to
be tolerated. In particular embodiments, hytridizations are carried out under stringent hybridization conditions.

[0032] “Ty" refers to "melting temperature”, which is the tempearature at which & population of doubie-stranded nucleic acid
molecules becomes half-dissociated into single strands. The Ty of a single stranded oligenuclectide, as used herein, refers to

the Ty of a double stranded molecule comprising the oligonucleotide and its exact complement.

Reporters or quenchers are not included in the determination of Ty As used herein, Ty may be determined by calculation.
Specifically, the Ty, of an oligonucleotide may be a calculated Ty, according to the equation: "T (°C) = 4{G+C)+2(A+T)" (Thein

and Wallace, 1986, in Human Genetic Disorders, p 33-50, IRL Press, Oxford UK, incorparated herein by reference). Other
methods may be used to determine meiting temperature, both by calculation and empirically, See SantaLucia, J., Jr.
"Physical Principles and Visual-OMP Software for Optimal PCR Design”, Methods in Molecular Blolagy: PCR Primer Design,
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Anton Yuryev, Ed., Humana Press, Totowa, New Jersey, Methods Moal. Biol, 402, 3-34 (2007). Burpo, 2001 , "A critical review
of PCR primer design algorithms and cross- hybridization case study” Biochemistry 281 : 1-1 1 ; Rychlik et al., 1990,
"Optimization of the annealing temperature for DNA amplification in vitre" Nug. Acid. Res. 18:6409-11 ;

Santalucia, 1998, "A unified view of pelymer, dumbbell, ard oligonuclectide DNA nearest- nelghber thermodynamics” PNAS
05:41460-65; Lowe et zl., 1990, "A computer program for selection of oligonucleotide primers for polymerase chain reactions”
Nucleic Acids Res. 18:1757-61. Sambrock et al., MOLECULAR CLONING: A LABORATORY MANUAL (C.5.H.P. Press, NY
2d ed., 1980) provides the Bolton and McCarthy calculation which corrects for the length of the cligonuclectide. Aiso see
Ausubel et al., CURRENT

PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing and Wiley Interscience, New York (1997}, Each of the
aforementioned references is incorporated herein by reference in its entirety and particular for its teaching of Ty,

[C033] The term “oligonucieotids” is used to refer to a nucleic acid that is relatively short, generally shorter than 200
nucleotides, more particularly, shorter than 100 nucleotides, most particutarty, shorter than 50 nuclectides. Typically,
oligonucleatides are single-stranded DNA molecules. Oligonucleatides used in the invention can be chemically modified.
Chemical modifications can equip the oligonuclectides with additional

functicnalities, such as chemical acthvty, affinity or protection from degradations, €.9. by nucleases.

[0034] The term “primer” refers to an oligonucleotide that is capable of hybridizing (also termed "annealing") with a nucleic
acid and sening as an initiation site for nucleotide (RNA or DNA} polymerization under appropriate conditions (e.g., in the
presence of four different nucleoside triphosphates and an agent for polymerization, such as DNA or RNA polymerase or
reverse transcriptase) in an appropriate buffer and at a suitable temperature. The appropriate length of a primer depends on
the Intended use of the primer, but primers are typicaily at least 7 nucleotides long and, more typically range from 10 to 30
nuclectides, or even more typically from 15 te 30 nuclectides, in length. Other primers can be somewhat langer, e.g., 30 to
60 nucleotides long. In this context, “primer length” refers to the portion of an aligonucleotide or nucleic acid that hybridizes
1o a complementary "target" sequence and primes nucleotide synthesis. Shori primer molecutes generally require cooler
temperatures to form sufficiently stable hybrid complexes with the template. A primer need not reflect the exact sequence of
the template but must be sufficiently complementary to hybridize with a template. The term "primer site” or "primer binding
site" refers 1o the segment of the target nucleic acid to which a primer hybridizes.

[0035] A primer s said to anneal to anather nucleic acid if the primer, or a portion thereof, hybridizes o a nucleotide
sequence within the nucleic acid. The statement that a primer hybridizes to a particular nucleotide sequence is not intended
to imply that the primer hybridizes either completeiy or exclusively to that nucleotide sequence. For example, in certain
embodiments, ampiification primers used herein are said to "anneal to a nuclectide tag”. This description encompasses
probe/primers that anneal whally to the nuclectide tag, as weli as probe/primers that anneal partially to the nuclectide tag and
partially to an adjacent nucleotide sequence, e.g., a target nucleotide sequence. Such hybrid primers can increase the
spesificity of the amplification reaction.

[0038] As used herein, the selection of pimers "so as to awoid substantial annealing to the target nucleic acids” means that
primers are selected so that the majority of the amplicons detected after amplification are "ulldength” in the sense that they
tesult from priming at the expected sites at each end of the farget nucleic acid, as opposed to amplicons resulting from
priming within the target nucleic acid, which produces shorterthan-expected amplicons. In various embodiments, primess are
selected so that at least 55%, at least 60%, at ieast 65%, at least 70%, at [east 75%. at least 80%, at least 85%, at least
80%, at least 95%, at least 96%, at least 87%, at least 38%, or &t least 99% of amplicons are full-tength.

[0037] The term “pritmer pair” refers to a set of primers including 2 5' “upstream primer” ar “forward primer” that nybridizes
with the complement of the 5' end of the DNA sequence 1o be amplified and a 3' "downstream primer' or "reverse primer” that
hybridizes with the 3" end of the sequence to be amplified. As will be recognized by those of skill in the art, the terms
"upstream” and "downstream” or “forward” and "reverse” are not intended to be limiting, but rather provide illustrative
orientation in particular embodiments.

[0038] A "probe" is a nuclels acld capable of binding to a target nucleic acid of complementary sequence through one or
more types of chemical bonds, generally through complementary base pairing, usually through hydrogen bond formation, thus
forming a duplex structure. The probe binds or hybridizes to a "probe binding site.” The probe can be labeled with a
detectable labe! to permit facile detection of the probe, particulariy once the probe has hybridized to its complementary
target. Alternatively, howewer, the probe may be unlabeled, but may be detectable by specific binding with 2 ligand that is
labeled, either directly or indirectly. Prabes can vary significantly in size. Generally, probes are at least 7 to 15 nucleotides in
length. Other probes are &t least 20, 30, or 40 nucledtides long. Still other probes are somswhat longer, being at least 50, 80,
70, 80, or 90 nucleotides long. Yet other probes are longer still, and are at teast 100, 150, 200 or more nuclectides long.
Probes can also be of any length that is within any range bounded by any of the above values (.., 15- 20 nuclectides in
length).

[0038] A primer or probe sequence can be perfectly complementary to the sequence to which it hybridizes or can be less
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than perfectly complementary. In certain embodiments, the primer or prabe sequence has at least 65% identity to the
complement of the target nucleic acid sequence over a sequence of at least 7 nucleotides, more typically over a sequence in
the range of 10-30 nuclectides, and ofien over a sequence of at least 14-25 nuclectides, and more often has ot least 75%
identity, at least 85% Identity, at least 90% identity, or at least 95%, 96%, §7%. 88%, ar 99% identity. It will be understood
that certzin bases (e.g., the 3' base of a primer) are generally desirably perfectly complementary t¢ corresponding bases of
the target nucleic acid sequence.

[0040] The terms "ruclectide tag sequence," "nuclectide tag" and “tag sequence” are used herein to refer to a predetermined
nucieotide sequence that is added to a target nuclectide sequence. The nucleotide tag can encode information about the
target nucleotide sequence, such the identity of the target nucleotide sequence or the identity of the sample from which the
target nuclectide sequence was derived. In certain embodiments, such information may be encoded in one or more nucleatide
tags, e.g., @ combination of two nucleotide tags, one on either end of a target nucleotide sequence, can encode the identity
of the target nuclectide sequence.

[0041] As used herein, the term "encoding reaction” refers to reaction in which at least one nucleotide tag is added to a
target nucleotide sequence. This process may be referred to as “tagging.” Nucleotide tags can be added, for example, by an
"encoding FCR” in which the at least one primer comprises a target-speciiic portion and a nucleotide tag located on the 5'
end of the target-specific portion, and a second primer that comprises only a target-gpecific portion or a target-specific portion
and a nucteotida tag located on the 5’ end of the target- specific portion. For illustrative exampies of PCR protocols applicable
to encoding PCR, see, e.g., PCT Publication Nos. WO 2004/051218 and WO US03/37808, as well as LS, Pat. No.
6,605,451 , which are hereby incorporated by reference in their entirety. Nucleotide tags can alsc be added by an "encoding
ligation” reaction that can comprise a ligation reaction in which at least one primer comprises a target-specific portion and
nugleotide tag located on the 5' end of the target-specific portion, and & second primer that comprises a target-specific
portion only or & target-specific portion and a nuciectide tag located on the &' end of the target specific portion. Hlustrative
encoding ligation reactions are described, for example, in U.S. Pat. No. 7,601 ,821 and Patent Publication No.
2005/0260640, which is hereby incorporated by reference in its entirety, and in particular for ligation reactions. Nucleotide
tags can also be added by other amplification methods; see below.

[0042] As used herein an "encoding reaction” produces a "tagged target nucleotide sequence” or "tagged target
polynucleotide”, which include a nuclectide tag linked to a target nucleotide sequence.

[0043] As used herein with reference to a portion of a primer, the term "target-specific’ nuglectide sequence refers to a
sequence that can specifically anneal to a target nucleic acid or a target nucleotide sequence under suitable annealing
conditions.

[0044] As used herein with reference to a portion of & probe/primer, the termn "nucleotide tag recognition sequence” refers to a
sequence that can specifically anneal to 2 nucleotide tag under suitable annealing conditions. [0045] "Amplification,”
according to the present teachings encompasses any means by which at least a part of at least one target nucleic acid is
reproduced, typically in a template- dependent manner, including without limitation, a broad range of techniques for amplifying
nucleic acld sequences, sither linearly or exponentially. In general, practice of the present invention involves amplification
using the polymerase chain reaction (PCR) and its well- known variants. PCR is an amplification methed in which thermal
eycling, consisting of cycles of repeated heating and cooling of the reaction for DNA melting and enzymatic replication of the
DNA. PCR Thermal cycling protocols are well known in the art. Typically, PCR consists of a series of 20-40 cycles but fewer
or more cycles may be used in particular applications. For example, and not limitation the cycle may include a denaturation
step, an annealing step {(allowing anneaiing of the primers to the single-stranded DNA template) and an extension/elongation
step. Each step may occur at a particular temperature, for a particular length of time, and under particular reaction
conditions. For example, and not for limitation, the temperature of the denaturation step may be 95°C, the temperature of the
annealing step (Ta) may be 62°C, and the temperature of the extension/elongation step may be 72°C. In some PCR protocols
(e.g., touchdown PCR) a high annealing temperature in initial cycles may be decreased in increments in later cycles
{reviewed in Korbie and Mattick, 2008, "Touchdown PCR for increased specificity and sensithity in PCR

amplification”™ Nat Protoc. 3:1452-6). For purposes of the invention, in such protocols, the Ta is defined as the anneaiing
temperature used in the majority of the cycles. Descriptions of PCR can be found in, among other sources, Ausbel et al.;
PCR Primer: A Laboratory Manual, Diffenbach, Ed., Cold Spring Harbor Press {1995); The Electronic Protocol Book, Chang
Bloscience (2002); Msulh et al., J. Clin. Micro. 34:501-07 (1996); The Nucleic Acid Protocols Mandbook, R. Rapley, ed.,
Humana Press, Totawa, N.J. (2002); Abramson et al., Curr Opin Biotechnol. 1993 February; 4(1%41-7.

[0048] The term "gPCR” is used herein to refer to quantitative realtime polymerase chain reaction {PCR), which is also
known as "realtime PCR” or "kinetic polymerase chain reaction.”

[0047] A "reagent” refers broadly to any agent used in & reaction, other than the analyte (e.g., nucleic acid being analyzed).
Mustrative reagents for a nucleic acid amplification reaction include, but are not limited fo, buffer, metal ions, polymerase,
reverse transcriptase, primers, termplate nucleic acid, nucleotides, fabels, dyes, nucleases, and the like, Reagents for
enzyme reactions include, for example, substrates, cofactors, buffer, metal ions, inhibitors, and activators.
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[0048] The term “iabel,” as used herein, refers to any atom or molecule that can be used to provide a2 detectable and/or
guantifiable signal. In particular, the label can be attached, directly or indirectly, to a nucleic acid or protein. Suitable labels
that can be attached to probes include, but are not limited to, radicisctopes, flucrophores, chromophores, mass iabels,
electron dense particles, magnetic particles, spin labels, moleculss that emit chemiluminescence, electrochemically active
molecules, enzymes, cofactors, and enzyme substrates.

[0048] The term "dye,” has its standard meaning in the art. “The term "fluorescent dye,” as used herein, generally refers to
any dye that emits electromagnetic radiation of longer wavelength by a fluorescent mechanism upon iradiation by a scurce of
electromagnetic radiation, such as a lamp, & phetodiode, or a laser.

[CO50] The term “reporter molecule” refers to a molecule capable of generating a flucrescence signal. A "quencher molecule”
refers to a molecule capable of absorbing the flucrescence energy of an excited reporter molecule, thereby quenching the
fluprescence signat that would otherwise be released from the excited reporter moiegule. In ordes for a quencher melecule to
quench an excited fluorophore, it is often advantageous that the quencher molecule is within @ minimum quenching distance
of the excited reporter melecule at some time starting from the excitation of the reperter molecule, but prior to the reporter
molecule releasing the stored flucrescence energy. In proximity based guenching applications, the reporter and quencher
molecules ats positioned sufficiently close to each other such that whenever the reporter molecule is excited, the energy of
the excited state transfers to the quencher molecule where it either dissipates nonradiatively or is emitted at a different
emission frequency than that of the reporter molecule, Several non-radiative energy transfer mechanisms work over shorter
distances and are appropriate for proximity based quenching applications.

[0051] A "polymorphic marker" or "polymorphic site” is a locus at which a nuclectide sequence divergence occurs. flustrative
markers have at least two alleles, each typically occurring at a Fequency of greater than 1 %, and more typically greater than
10% or 20% of a selected population. A polymaorphic site may be as small as one base pair, Polymorphic markers include
restriction fragment length polymorphism (RFLPS), variable number of tandem repeats (VINTR's), hypenariable regions,
minisatellites, dinucleotide repeats, trinucleotide repeats, tetranucleotide repeats, simpie sequence repeats, deletions, and
insartion elements such as Alu. The first identified alleiic form Is arbitrarily designated as the reference form and other allelic
forms are designated as altemative or variart alleles. The allelic form oceurring most frequently in 2 selected population is
sometimes referred to as the wildtype form. Diploid organisms may be homozygous or heterozygous for allelic forms. A
diallelic polymarphism has two forms. A triallellc polymorphism has three forms.

[0052] A “single nucieotide pelymorphism” (SNP} ocours at a polymaorphic site occupied by a single nucleotide, which is the
site of variation between allelic sequences. The site is usually preceded by and followed by highly conserved sequences of
the allele {e.g., sequences that vary in less than 1/100 or 1/1000 members of the popuiations). A SNP usually arises due to
substitution of cne nucleatide for another at the polymorphic site, A transition is the replacement of one purine by another
purine or one pyrimidine by ancther pyrimidine. A transversion is the replacement of a purine by a pyrimidine or vice versa.
SNPs can also arise from a deletion of a nucleotide or an insertion of a nuclestide relative fo a reference allele.

B. Description

[0053] In one aspect, the invention provides a method for detecting a target nuclectide sequence compriging: &) tagging the
target nucleotide sequence with a nucleotide 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 sald probe oligonuclectide
comprises a first label and has a melting temperature Ty ; ¢) amplifying the tagged targat nucieic acid seguence in a PCR
amplification reaction using the probe cligonuciectide as a primer, wherain said PGR amplification reaction is characterized
by an annealing temperature Ta; wherein the PCR amplification reaction is camied out in the presence of a reguiatory
oligonucleotide comprising a sequence segment that is complementary to the regutatory sequence, wherein said regulatory
oligonuclectide comprises a second label and has a melting temperature Ty2; and d) detecting the product of the PCR

amplification reaction; wherein the first label and the second label constitute a fluorescent reporterfquencher pair; and wherein
Tm1 and T2 are both higher than Ta. Without intending o be bound by a particular mechanism, carrying out a reaction in

which both the Tm of the probe oligonuclectide and the T regulatory cligonuclentide are above Ta, reduces background signal
{fluorescence) and provides a superior assay result.

[0054] In one aspect, the Invention provides a method for detecting a polynuclectide with a target nuclectide sequence by
tagging the polynuclectide comprising a desired farget nucleotide sequence with a nuclectide tag, providing a probe
cligonuclectide with a melting temperature Tm1 , comprising a regulatory sequence and s nucleotide tag recognition
sequence; incorporating the probe oligonuclectide sequence into the tagged polynucleotide in a polynuclectide amplificaticn
reaction, providing a regulatory oligonuclectide with a melting temperature Tm2, comprising a sequence segment that is at
least partially complementary to the regulatory sequence; wherein Tm1 and Tmz2 are highet than the annealing temperature
associated with the polynucleotide amplification reaction. Tagging

[0055] I this method, a nucleotide tag sequence ("tag sequence” or "NTS") is associated with the target nucleotide
sequence (TNS), in a process referred to as "tagging.” In one embediment, without limitation, the tag sequence is associated
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with the target nucleotide sequence in an amplification reaction. For example, the TNS can be amplified using the
polymerase chain reaction (PCR) in which a first (e.g., "forward”} primer includes the nucleotide tag sequence 5' to a target
specific portion, resulting in an amplicon containing both the tag sequence and the TNS (the tag sequence being 5' and
adjacent to the NTS). In general, the amplification reaction uses a second (e.g., "reverse") primer.

[0038] In specific embodiments, the invention provides an amplificaticn method for introducing each tag nuclectide sequence
into one or more target nucleic acid(s). The method entails amplifying the one or more nucleie acid{s), typically in a plurality
of samples. The samples can differ from one another in any way, e.g. the different samples can be from different tissues,
subjects, environmentai sources, ete. The tag seguence can be introduced as part of a tagging oligonucleotide. i an
amplification reaction, e.g. PCR, the tagging oligonucleotide can function as a tagging primer, including a target nucleotide
recognition sequence and a nucleotide tag, The recognition can be encoded by partial or complete complementarity between
the target nucleotide sequence and the target nucleotide recognition sequence. Further, the nuclectide tags can be chosen in
association with the target nucleotide recognition sequence(s) and can encede the target nucleotide sequence(s) in the target
nucleic acid(s). A reverse primer flanking the sequence of interest can be provided.

[0057] The tag sequence can be incorporated immediately adjacent to the target specific sequence or with limited number of
linker nucleotides in between, The number of linker nuclectides is preferably less than 25, more praferably less than 10, still
more preferably less than 5. In particular embodiments, the probe oligonucleotide can be rescued from the regulatory
oligonuclestide by hybridization to the tagged nucleic acid {arget(s). The hybridization can be directed to the nucleotide tag
on the tagged target nuclelc acid(s) that is recognized by a nucleotide tag recognition sequence on the probe oligonuclestide.

[0058] According to the present invention, the tag sequence and the TNS define a composite sequence stretch (CS8S), which
is maore generally referred to as the "tagged target nucleic acid sequence”, and sometimes referred to as "tagged
polynucleotide farget".

Amplicons comprising the tagged target nucleic acid sequence can be doubie or single stranded.

[CO59] Tagging primers, containing a target nucleotide recognition sequence and a tag sequence, are used to associate the
nuclectide tag sequence into the “tagged target nucleic acid sequence. Preferably, the tagging primer is in the range of 15-60
nuclectides in length. More preferably, the tagging primer is in the range of 18-45 nuclectides in length. The precise sequence
and length of the tagging primer depends in part on the nature of the target nucleotide sequence to which it binds. The
sequence and length may be varied to achieve appropriate annealing and meiting properties for a particular embadiment.

Preferably, the tagging primer has a melting temperature, Tm in the range of 50-85°C. More preferably, the tagging primer has
a melting temperature, Tm in the range of 80-75°C. In particular exarnples, the sequence and the length of the target
nucleotide recegnition sequence may be varied to achieve appropriate annealing and melting praperties with the probe,

[0060] In embodiments in which the amplicon product of the amplification reaction is double stranded, the first strand will
contain the tag sequence and the TNS, and the complementary strand will contain the complement of the sequences in the
first strand. For purposes of clarity, the discussion below refers to the tag sequence and TNS, but it will be appreciated that
-equivalent assays may be carrled out using the complementary sequences. One of skill guided by this disclosure will
immediately recognize how to conduct the assays of the invention by detecting either strand, with appropriate adjustments to
primer and probe sequences.

[0081] It will be appreciatad that, depending on the nature of the step in which the tag sequence Is associated with the target
nuclectide sequence, the tagged target nucleic acid sequence can include additional sequence elements, for example if a
forward primer includes sequences in addition to the tag sequence and the target specific portion andfor a reverse primer
includes sequences in addition to target specific sequences.

Probe Qligonuclectide

[0C8Z] The invention further relates to a probe cligonucieotide (sometimes referred to as "oligonucleotide probe”) that
agsociates with @ portion of the tagged target nucleic acid sequence (CS88). That is, the probe oligonucleotide comprises a
"nucteotide tag recognition sequence” portion compiementary to the nucleotide tag sequence portion of the tagged target
nucleic acid sequence, such that the oligonucleotide probe can hybridize to the tagged target nucleic acid sequence and act
as a primer in an amplification reaction. The nucleotide tag recognition sequence can be partially or completely identical to
the nucleotide tag sequence or its complement. The probe oligenuclectide generally also contains a regulatory seguence,
usually & to the nucleotide tag sequence, as discussed befow.

[0063] In one embodiment, the nucleotide tag recogniticn sequence of the probe oligonuclectide hybridizes to the
complement of the nucleotide tag sequence. That is, the nuclectide tag sequence may be at the 5' end of one strand of the
tagged target nucleic acid sequence (or "tagged polynucleotide"), and the probe oligonucieotide may hybridize to the
complement of the nuciectide tag sequence, at the 3" end of the second strand of the tagged polynucleotide.

[COG4] Preferably, the probe oligonucleotide is in the range of 15-60 nuclectides in jength. More preferably, the probe
cligonucieotide is in the range of 18-45 nucleotides in fength. The precise sequence and length of an probe oligonuclestide

https:/famwv.g 00g | e.comipatentsMWQ2014077822A1 Tel=enddg = % 22N ucleict+acid+detectiont using + probes %22&hl=en&sa=X&ei=0M G YL _aKJsflsATshYCA... 940




6/11/2014 Patent WO201407782241 - Nucleic acid detection using probes - Google Patents

depends in part on the nature of the nucleotide tag to which it binds. Typically, the sequence of the probe oligonucleotide that
is complementary to the targeted tagged polynucleotide(s), is longer than the regulatory sequence of the probe
oligonuclectide. The overall sequence and length may be varied to achieve appropriate annealing and melting properties for a
particulzr embodiment. The melting temperature of the probe oligonucleotide may be greater than 95°C. The melting
temperature of the probe oligonuclectide can fall within a range of, 50-85°C, 55-80°C, 60- 75°C, 65-70°C, 75°C, 80-120°C, 75-
115°C or more or it can fall within a renge having one of these values as endpoints (e.g. 50-75°C). Preferably, the probe
oligonucleotide has a melting temperature, Tm in the range of 55-85°C. More preferably, the probe

oligonuclectide has a meiting temperature, Tm in the range of 85-75°C, ever more preferably >75°C. In some embaodiments
the calculated Tm for the probe oligonuclestide may be >100°C, in particular examples, the nucleotide tag recognition
sequence and length may be varied to achieve appropriate annealing and melting properties in the initial cycles of an
amplification reaction when the probe is first incorperated into the polynucleotide.

Amplification of the tagged target nucleic acid sequence by the probe cligenucleotide

10055 In some embodiments the tagged target nucleic acid sequence {or a portion thereof) is amplified in a PCR
amplification reaction using the probe oligonuclectide as a primer. Generally the amplification reaction includes a 3 (reverse)
primer. It will be recognized that, when the probe oligenucleatice comprises a regulatory sequence, the product of the
amplification will include the reguiatory sequence, the nucleotide tag sequence, and the target nucleotide sequence.

[0068] The probe oligoruclectide can be further incorporated into fonger nucleic acid constructs in a tagged target nuclefc
acid dependent method. For exampie, the probe oligonucleotide can be ligated to another nucleic acid facilitated by proximity
via hybridization to the tagged target nucleic acid(s). Mare oiten, the probe oligonucleotide can serve as a primer in an
amplification reaction where it is incorporated to the tagged target nucleic acid(s).

[0067] The PCR amplification reaction is characterized by an annealing temperature Ta (see below). According to the present
imventtion, the melting temperature of the probe oligonuclectide (Tm1 ) is greater than the Ta of the amplification reaction. In
scme embodiments Tm1 is at least 1 °C, at least 2°C, at least 3°C, at least 4°C, at least 5°C, at least 6°C, at least 7°C, at
least 8°C, at least 8°C, at least 10°C, at least 11 °C, at least 12°C, at least 13°C, at least 14°C, at least 15°C, at least 16°C,
at least 17°C, atf least 18°C, at lzast 18°C, at least 20°C, at least 21 °C, at least 22°C, at lsast 23°C, at least 24°C, at least
25°C, at least 35°C or at least 50°C higher than the annealing temperature. In some embodiments, Tm1 is at least 50°C
higher than the annealing temperature {Ta). In some embediments Tm1 is at least 25°C higher than Tm2.

[0088] The PCR amptification reaction is carried out in the presence of a regulatary oligonucleotide, as discussed below.
Regulatory Oligonucleotide
Froperties of the regulatory oligenucleatide

[00B8] The invention relates to a regulatory oligonucieotide, which comprisas (1 ) a sequence segment complementary to the
reguiatory sequence of the probe oligonucleotide and (2) & tafl segment located 5-prime to the sequence segment. Annealing
of the sequence segment of the regulatory oligonucieotide to the regulatary sequence of the probe oligonuclectide competes
with the association of the probe oligonuclectide and the tagged target nucleic acid sequence (or "CSS") during the
amplification reaction,

[0070] Preferably, the regulatory oligonucleotide is in the range of 6-60 nuclectides in length. More preferably, the reguiatory
oligonucleotide is in the range of 15-45 nucleotides in length. Even more preferably, the regulatory ctigonucleotide is in the
range of 18-30 nuclectides in length. In some embediments the regulatory oligonuclectide may comprise nuclectides that
flank the sequence segment (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 2, 10 or more than 0 nucleotides). Preferably, the 3' terminal
nucleotide of the regulatory oligonucleotide is blocked or rendered incapable of extension by & nucleic acid polymerase. Such
blocking is conveniently carried out by the attachment of a reporier or quenches molecuile to the terminal 3 carbon of the
prabe oligonuclectide by a finking molety. For purposes of this disclosure we will refer to a regulatory oligonuclectide as
having a "guencher” moiety, but it will be recognized ihat a reporter may be used.

[0071] In some embodiments, the length of the regulatory oligonuclectide is in the range of 15-60 nuclectides, more
preferably, in the range of 15-45 nucleotides in length, and even more preferably in the range of 18-3C nucleotides in tength.

Properties of the sequence segment

[0072] In some embodiments, sequence segment comprises all or most (e.g., at least 80% or at least 90%) of the length of
the regulatory oligonuclectide. In seme embodiments, the length of the sequence segment is at least 40%, at least 50%, at
least B0% or at least 70% of the length of the regulatory oligoruclectide. (n some emboediments, sequence segment is in the
range of 6-50 nucleotides in fength, more preferably, in the range of 15-45 nucieotides in length, and even more preferably in
the range of 18-30 nucleotides in length. The precise sequence and length of the regulatery cligonucleotide depends in part
on the nature of the probe sligonucleotide to which it binds. The sequence and length may be varied fo achieve appropriate
annealing and melting properties for a particular embodiment.
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[CO73] In various embodiments, the concentration of the regulatory oligonuclectide can be In excess of the probe
oligonuclectide. In some embodiments, the concentration of the regulatory cligonucleotide can be adjusted according to the
total nucleic acid(s} in the reaction. The regulatory cligenuclectide can be supplied in excess of at least 10%, 50%, 100%,
500%, 000% or more over the ofigonucletide probe or the total nucleic acid(s) in the reaction,

Properties of the regulatory cligonuclectide tail segment

[0074] Inclusion of the tail segment provides certain advantages ower other methods, as illustrated in Figure 2. The tail
segment of the regulatory oligonuclectide is designed so that, when the sequence segment of the regulatory oligonucleotice
is hybridized to the probe oligonuclectide, the tail segment is unhybridized. Thus, when the regulatory oligenuclectide is
hybridized to the probe oligonucleotide the resulting complex is partly double-stranded and partially single-stranded as shown
in FIGURE 2. The double-stranded portion comprises the reguiatory sequence of the probe annealed to the complementary
sequence of the regulatory oligonucleotide. A first single-stranded portion comprises the unhybridized portion of the probe
oligsnucleotide 3-prime (3') to the annealed portion, Including the nucleotide tag recognition sequence. A secend single-
stranded portion comprises the unhybridized tail portion of the regulatory oligenuclectide 5-prime (5) to the annealed portion,

[0075] Inclusion of the unpaired sequence in the regulatory aligonucleotide can help prevent digestion of the hybridized
regulatory oligenuciectide. As illustrated in Figure 2B, a regulatory oligonucleotide lacking a tail segment (i.e., a “taii-less
regulatery oligonuclectide) is digested by the action of the Tag polymerase generally used in PCR amplification or other
polymerases with 5- 3' exonuclease acthity. As illustrated in Figure 2A, when a regulatory oligenuclectide comprising a 5-
prime tail segmert is used, digestion of the oligonucleotide is reduced or elimirated and strand displacement Is increased.
As illustrated in Figure 2A (bottom) the displaced regulatory oligonuclectide is available to hybridize to fres probe
aligonucleotide, quenching the reporter moiety, and reducing background fluorescence. In contrast, the tail-less regulatory
oligonucleotide is digested (Fig. 28, bottom) and is not available to hybridize to free probe oligonuclectide.

[0G76] The length of the tail segment can vary, e.g., from 3-50 bases in length. In some embodiments the tail is 4-10 beses in
length, typically & - 8 bases in length. Typically the tail is at least about 50% GC, often at least about 60% GC, more often at
least about 70% GC, and most often at least about 80% GC. If will be recognized that the sequence of the tail sequence is
selected s¢ that it does not form a double strand with the corresponding region of the probe oligonuciectide. Thus, the tail
segment is not exactly (.e., 100%)

complementary to the coresponding region of the prabe oligonucleotide. Preferably, none of the positions in the tail segment
contains a base that pairs with the base at the corresponding region of the probe oligonucleotide, assuming A pairs with T
and G pairs with C. That is, preferably the bases at comesponding positions of the probe oligonucleotice and regulatory
aligonucleotide are noncomplementary. Preferably none of the comesponding positions contains a complementary base (i.e,
100% noncompiementarity). In some embodiments there is at least 85% noncompiementarity, at least 70%
noncompiementarity or at least 50% noncompiementarity.

Properties of polymerases

[C077] By selecting a polymerase with minimatl or no endonuclease activity, and possessing sufficient strand displacement
activity, the regulatory oligonucleotide is displaced by the polymerase rather than digested.

[0078] A preferred DNA polymerase for the PCR ampiification steps of the present method is (a) thermostable ard (b) lacks,
or has reduced, 5' nuclease activity. A preferred DNA polymerase for the PCR amplification steps of the present method
additionally exhibits strong strand displacement actiity, Polymerases useful in such reactions are readily available and
include those described in U.S. Pat. No. 3,108,892, which is incorporated by reference in its entirety, as well as those
enzymes described in Lawyer et al., 1993, Genome Res. 2, 275-278, 1993, and Kong et al., 1993, J. Biol. Chem. 268, 1965-
1975, both incorporated hergin by reference.

[0078] Taq polymerase (DNA polymerase | from Thermmus aquaticus) is commenly used in PCR reactions. Tag polymerase
catalyzes the hydrolysis of polynucleotides bound to the template DNA strand as it translocates along this strand. Lyamichev
et al. demonstrated that Tag polymerase can, when approaching a "frayed" DNA duplex with a free §' arm, cleave the 5' arm
endonucleolytically near the end of the duplex {Lyamichev et al., 1583, Science 260, 778-783). In addition to the
oligonucleotides resutting from such cleavage, Tag polymerase also generates mononuclectides resulting from 5
exonuclease digestion of the DNA strand from which the 5' arm is cleaved {(Holland et al., 1991, Proc. Natl. Acad. Sci. USA
88:7278- 7280). Accordingly, Lyamichev ef al. coined the term "5 nuclease” to refer to the 53" endonuclease and
exonuclease activities of Tag polymerase taken together (Lyamichev et al., 1993, Science 260, T78-783). Native Tag
polymerase is known and described in, for example, U.S. Pat. No. 5,108,892, {0080] The 5' nuclease and polymerase
activities of Tag polymerase are thought to arise from separate domains of the enzyme. The N-terminal domain (amine acids
~1-288) has been shown to have 5' nuciease activity by itself (Lyamichev et al. 1998, Proc. Natl. Acad. Sci. USA 96, 6143-
6148). Comversely, the C-terminal domain (amineo acids -289-832, known as the "Stoffel fragment”) has polymerase activity
but vastly reduced 5'- 3' exonuclease activity (See Lawyer et al., 1993, Gerome Res. 2:275-278). However, greater fidelity is
obsered for each activity with the full enzyme than with the respective domain in isolation,
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[0081] Researchers have sought to engineer versions of Tag polymerase that lack 5' nuclease activity, because such activity
can degrade primers used in sequencing (Burke st al. L.S. Pat. No. 5.108,892), or inferfere with signal production in some
kinds of aPCR (Wilhelm et al., 2001 , BioTechnigues 30:1052- 062). Burke and co-warkers { U.5. Pat. No. 5,108,892)
harested Taq polymerase from T. aquaticus cells and aliowed it to undergo limited proteclysis, which apparently caused the
deactivation of the N-termina! domain.

Wurst and Qiu. U.5. Pat. Ne. 8, 130,045, replaced the N-terminal domain with only 9-15 amino acids, and expressed the
mutant protein recombinantly. Other examples are described in Fu (U.S. Patent Apglication Publication 201 2/0115145).
‘thus, 5' nuclease activty can be eliminated by deteting, truncating, mutating, or otherwise inactivating the N- terminal
domain, so long as the C-terminal domain is preserved.

[0082) In order for a translocating ONA polymerase to displace an cligonucleotide bound to the template strand, without
hydrolyzing the oligonuclectide, the polymerase should not only lack 5 nuclease activity but also possess strand
displacement activity (Fu, U.S. Patent Application Publication 2012/0115145, Kong et ak., 1893, J. Biol. Chem. 268, 1965-
1975). Assays for strand displacement activity are Known. See, 2.9., U.S, Pat.No, 5,744,312 and Kong ei al., 1983, J. Biol.
Chem. 268, 1065-1975. Examples of polymerases with strong strand displacement activity include Vent polymerase {Kong &t
al., 1993, J. Bial. Chem. 268, 1965-1975; Combs et al. "Purified thermostable DNA polymerase obtainable from
thermococeus litoralis”, U.S. Pat. Nes, 5,210,036 and 5,322,785), Burke's enzyrme {U.S, Pat. No. §,108,802), and the Stoffel
fragment (Lawyer et al., 1993, Genome Res. 2, 275278, 1993).

[0083] Among those available commercially polymerases are 2 Tag poiymerase (Promega; Product code M1245), Titanium
Taq (Clontech), Plu polymerase (many vendors), and ThetTmococcus litoralis (T1i: a.k.a. "Vent") DNA pclymerase (Kong et al.,
1993, J. Biol. Chem. 268, 1965-1975). Vent polymerase is also notable for its strong strand displacement activity, and would
be suitable for perdforming PCR in the presence of a probe oligonucleotide that hybridizes to the target sequence, without
causing hydrolysis of the cligonucleotide. For example, Piu polymerase and Thermococcus Hitoralis {Thi; a.k.a. “Vent")
polymerase lack this actiity, See Table 4 of Lawyer et al., 1993, Genome Res. 2: 275-278, 1993).

Thermeeoccus litoralis DNA polymerase Is commercially available from NEB in exo+ and exo- versions, where "exo" refers fo
3. 5 exonuclease activity. The exo- version has greater strand displacement activity.

[0084] In one embodiment, the assay of the invertion is carred out using a DNA polymerase with strong strand displacing
activity (e.g., specific activity at least 90%, preferably at least 100% as great as Ti polymerase; Kong et al.,, 1983, J. Biol.
Chem. 268, 1965-1975) and low 5' nuclease zctivity (2.9., endo- and exc-nuclease speciiic activity no greater than that of Ti
polymerase). In one embodiment, the assay of the invention is camied out using 2 DNA polymerase with strand displacing
activity greater than that of native Tag polymerase (e.g., at least 150% as mueh) and less §-endo- and S-exo-nuclease
specific activity than native Taq polymerase (no greater than $0% as much}.

[0085] Each reference cited in this "properties of polymerase” section is hereby incorporated by reference in its entirety and
specifically for its description of DNA polymerases.

Melting temperature of the regulatory oligonucleotide

[0086] The melting temperature of the regulatory cligonucleotide (Tm?2) is measured or calculated based on the sequence
segment compiementary to the regulatory sequence of the probe oligenucleotide, including the tail segment.

10087] The melting temperature of the regulatory oligonucleotide (T m2) can fall within a range of, 45-85°C, 50-80°C, 55-75°C,
60-70°C, 65-75°C or it can fall within a range heving two of these values as endpoints {e.g. 50-75°C). Preferably, the
regulatory oligonuclestide has a melting temperature, T in the range of 50-85°C. More preferably, the regulatory
oligonucleotide has a melting temperature, Tm in the range of 80-75°C. In particuiar examples, the seguence and the length
of the segment recognizing the regulatory segquence may be vatted to achieve apprapriate annealing and melting properties
with the probe. In some embodiments, a competitive auxiliary sequence may be added to increase the specificity of the probe
oligenucleotide for the tagged target nucleic acid.

[0088] In ene embodiment of the present invention, the melting temperature of the regulatory oligonucleotide (Tm2) is greater
than the Tz of the ampiification reaction. In ene embediment the melting temperature of the sequence segment
complementary to the regulatory sequence of the probe efigonucleotide (Trm2) is greater than the Ta of the amplification
reaction. In some embodiments Tm2 is at least 1°C, at least 2°C, at least 3°C, at least 4°C, at least 5°C, at least 6°C, at
least 7°C, at least 8°C, at least 9°C, at least 10°C, at least 11 °C, at least 12°C, at least 13°C, at least 14°C, at least 15°C,
at least 16°C, at least 17°C, at least 18°C, at least 19°C, at least 20°C, at least 21 °C, ot least 22°C, at least 23°C, at least
24 or at least 25°C higher than the annealing temperature. Auxiliary Sequence

[0088] The regulatory oligonuclectide can have an auxiliary sequence that acts as a competitive seqguence against the target
nucleic acid/probe oligonuclectide hybridization. When the probe cligonuclectide and the regulatory oligonuclectide are
aligned along the regulatory sequence, the auxillary sequence segment can at least partially overlap with the probe
oligonuclectide, more typically with the nuclectide tag recognition sequence. That is, the regulatory oligonucleotide can
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comprise a sequence complementary to both the regulatory sequence of the prebe oligonucleotide and at least a portion of
the nuclectide tag recognition sequence of the probe oligonucleotide. Put differently, the sequence segment of the regulatory
oligonucleotide can be complementary to the regulatory sequence and at least a portion of the nucleofide tag recognition
sequence of the probe oligonuclestide. The degree of complementarity between the auxiliary sequence and the probe
oligonucleotide can be adjusted to regulate specificity. In embodiments, wherein the probe oligonuclectide is incorporated Into
the tagged polynuclectide in an amplification reaction, the auxiliary segquence can compete against non-specific sites, more
specifically untagged nucleic acid(s) even in the initial cycles of an amplification reaction. The hybridization of the regulatory
oligonuciestide and the probe cligonuclectide along the regulatory sequence can enhance the hybridization of the auxiliary
sequence to the probe oligonucleotide, since the auxiliary sequence would be presented at increased local concentrations
compared to free nucleic acid(s). In addition, the concentration of the regulatory ofigonuclectide, and thus the auxiliary
sequence, can be adjusted to allow it to compete effectively against untagged nucleic acid{s). In specific embodiments, the
reguletory oligenucleotide can be provided at 1.5 to 4- fold excess, 1 to 10-fold excess, 4 to 10-fold excess, 1.5 to 50-fold
excess, 4 to 50, 100-fold excess or any other range having any of these values as endpoints (e.g., 1.5 to 10-fold excess).
With these advantages, the suxiliary sequence can regulate specificity at even low to zero complementarity for the probe
cligonuciectide. At low to no complementarity between the auxiliary sequence and the probe oligonucieotide, the probe
oligonucleotide hybridization to the tagged nuclefc acid(s) would successfully cutcompete the auxiliary sequence on the
regulatory oligonuclectice.

[C00Q] Further, a quencher sequence can be incorporated into the regulatory

aligonucleotide sequence to incresse guenching. In preferred embodiments one or more deoxyguanasine nucleotides will be
incorporated to the quencher sequence around the hybridization site of the reporter molecule on the probe eligonucieotide. In
sorme embodiments, a deoxyguanosine tail can be added to the quencher sequence, 3' to the regulatory sequence
hybridization. Correspondence of signal and the presence of the target sequence

[0091] Association with the regulatory oligonucleotide affects the signal associated with the probe cligenuclestide.
Accordingly, the interaction of the probe cligonucleotide with the CSS prevents the probe oligonuclectide from hybridizing to
the regulatory oligenuclestide. As a result, a change in probe cligonucleotide-associated signal aids in the detection of a
target nuclectide sequence.

[0082] The incorporation of the tag sequence is designed to be dependent on the presence of the specific TNS. As & result,
the present invention links the presence of a specific nucleotide sequence (i.e., a specific target nuclelc acid sequence) in a
sample t¢ a change in signal. The signal can be acquired before and after the sample is interrogated with the detection
method of the present invention. Accordingly, a change in signal is interpreted to be associated with the presence of a
specific TNS. Further, the present invention also relates to monitoring the amplification of a target polynucteotide sequence.
Accordingly, the present invention relates to a method for monitoring nucleic acid amplification of a target sequence by
following the change in signal ower time.

[0093] In various embediments of the invention, the changed signal associated with the incorporation of the probe
oligenuelectide to a tagged nucleotide relates to the release of the probe oligonuclectide from a regulatory oligonuclectide.
The association of the regufatory cligonuctectide to unincorporated probe cligonuclectide forms a reporter/quencher pair such
that a possible signal is quenched under conditions suitable for this association. The incorporation of the probe
oligonucieotide to a tagged target nucleic acid disrupts the formation of such a reporter/quencher pair resulting in a change in
signal. In various embodiments, the probe oligonucleotide is labeled with the reporter meolecule and the regulatory
coligonuclectide is labeled with a quancher molecuie. Exemplary reporter/quencher pairs comprise fluorescence dyes and their
quenchers.

[0094] In some embodiments, a plurality of prabe oligonuclectides wili be specifically directed to different tag sequences. The
signal assoclated with each tag sequence is difierentiated by linking each probe oligonuclectide recognizing a particular
nuclectide tag to a specific reporter or quencher.

[093] In the present assay approach, when a complementary target sequence is present, hybridization of the probe to the
complementary target sequence disrupts the hybridization of the regulatory cligonuclectide to the probe, wherein the
quencher melecule is no longer close enough te the reporter molecule to quench the reporter molecule. As a result, the
probes provide an increased fiuorescent signal when hybridized to a target sequence than when unhybridized. Annealing
temperature

[0096] During the annealing phase of a polynuclectide amplification reaction, the primers anneal to polyrucleotides to prime
an elongaticn reaction at the elongation temperature. The "annealing temperature” of an amplification reaction is usually
determined experimentally to obtain highest vields with desired specificities. Generally, higher annealing temperatures
increase specificity for the targeted polynucleotide. The fraction of annealed primers at a target site in a reaction directly
affects overall yield and depends on many factors, including competing sites in the target and other polynuciectides in the
reaction, the annealing time, the melting temperature associated with the complementary region of the primer with the target
site and the annealing temperature. Higher annealing temperatures affect primer binding energies to non-specific competing
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sites in the reaction and thus may shift this population of primer to specific target sites. Higher annealing termnperatures also
increase the fraction of single stranded target polynuclectides in the reaction that are available for primer binding. However,
higher annealing temperatures have a disabling effect on specific primer binding to target sites by affecting the binding free
energy for this interaction. Desired annealing temnperatures assist the reaction yield by increasing the fraction of annealed
primers to the targeted site.

[0067] A “"yielding annealing temperature” falls in a temperature range that results in the amplification of desired targets at 2
rate higher than the amplification of untargeted polynucieotide sequences in the reaction. A yielding annealing temperature for
each amplification reaction can be independently chosen. Yielding annealing temperatures can be chosen from a range of
temperatures, for example the annealing temperature can within a range of 15°C-80°C, 30°C-75°C, 40°C-75°C, 50°C-72°C,
60°C-64°C, B5°C-82°, B3°C, B4°C, 65°C or can fall within any range having one of these femperatures as endpoints {e.g.
50°C- 62°C). In some embodiments, the amplification reaction is PCR.

[0098] The hybridization specificity of an oligonucleotide to a target site is increased by decreasing oligenucleotide binding to
nan-specific sites. Non-specific target sites are usuglly sites with lower complementarity, but for the purpose of the reaction,
they are generally sites where cligonuclectide binding is not desired.

[0098] There are several technigues addressing the increased specificity requirements at a given annealing temperature.
‘These techniques aliow the use of lower annealing temperatures and employ competitive inhibitors for the binding of & primer
and a target nucleic acid. Puskas et al., Genome Research 5:309-311 {1995) and Harry et al,,

BioTechniques, 24:445-450 (1998), which are hereby Incerporated by reference, provide primers that are complementary to a
target nucleotide sequence and oligonucleotides that are partially complementary to said target nucleotide sequence and are
3' modified to prevent elongation. These oligonucleotides increase specificity by occupying non-specific sites that the primers
would have annealed to and divert the primer population towards the target nucleotide sequence instead. Due to their partial
complementarity to the target nuclectide sequence, the primers are able to compete successiully against the partially
complementary oligonuclectides for the target nuclectide sequences. Kong et al.,

Biotechnology Letters, 26:277-280 (2004), which is hereby incorporated by reference, employs as competitive inhibitors,
oligonucleotides that are partially complementary to the primers. These oligonuclectides compete successiully against non-
specific sites for the primers and increase specificity by making the primers less available for said sites. Due to their reduced
compiementarity, the target nuciectide sequences can outcompete said oligorucieotides for primer binding.

[0100] The various cligonuclestides can be selected to achieve a desired degree of specificity at the chosen annealing
temperatures. The target nucleotide recognition sequence on the tagging primer(s) can specifically anneal to a target
nuzleotide sequence under suitable conditions and at the chosen annealing temperaturs. The conditions can be selected
such that the primer annealing wifl be sensitive to variations in the target nucleotide sequence. Generally, nucleotide
mismatches towards the 3 end of a primer greatly affect elongation from a primer, To differentiate between sequence variants,
the primer can be designed such that the 3' end of it would be directed to the polymorphic site. Altematively, sequences with
higher melting temperatures can be chosen achieving less specific anngaling to a broader varigty of target nucieotide
Seguences.

[0101] With high specificity sequences, the primer can effectively differentiate between polymerphisms in the target nucleic
acid(s). The polymorphisms can encompass single or multiple nucleotide changes at one or more polymorphic site(s). The
changes at the polymorphic site(s) can imwlwe deletions, insertions and substitutions of single alf multiple nuclectides.
Elongation from the primer is particularly sensitive to the hybridization stability at the 3" end of the primer. Primers designed
to align with a pelymaorphic site at their 3' end are thus especially useful to differentizte between various alleles.

Tagging and Detection Reactions

[0102) The target nucleotide tagging and detection can be conducted in separate reactions. Altematively, these two steps
can be performed in a common reaction wolume. A double amplification method can be used to incorporate a fagging primer
comprising a target nucleotide recognition sequence and a nucleotide tag and an cligonugleotide primes/probe comprising a
nuclectide tag recognition sequence, a regulatory sequence and a signat moiety. Reporter and Quencher Pairs

[0103) In various embodiments, the invention provides one or more pairs of a prebe oligonuclestide and a regulatory
oligonucleotide that specifically anneal to each other, wherein one of them is labeled with 2 reperter moiecule and the other
with a quencher molecule of a reporterquencher pair. When the probe ocligonucieotide and the regulatory oligonuclectide are
aligned along the regulatory sequence, the reporter molecule and guencher molecule are positioned on the cligonuclectides
sufficiently ciose to each other such that whenever the reporter melecule is excited, the energy of the excited state
nonradiatively transfers to the quencher melecule where it either dissipates nenradiatively or is emitted at a different emission
frequency than that of the reporter molecule, Typically, the probe oligonuclectide will comprise the reporter molecuie and the
regulatery oligenucleotide will comprise the quencher molecule, howewer this positioning can be rewversed and this
modifications will be apparent to practitioners skilled in this art.
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[0104] In some embodiments the assay of the invention uses an probe oligonucleotide containing a reporter molecule and a
regulatory oligonucleotide containing a quencher molecule, said reporter and quencher molecules being members of &
reporter-quencher pair. The regulatory oligonuclectide comprises a seguence that hybridizes to a regulatory sequence in the
probe oligonucleotide. The probe cligonucleotide specifically anneals to a region of a target tagged polynuclectide with a
target nuclectide sequence, such that the nuclectide tag recognition sequence hybridizes to a nuclectide tag in the tagged

polynucleotide. The nucleotide tag is typically incorporated to the target polynueleotide using a tagging primer comprising a
nucleotide tag sequence and a target nuclectide recognition sequence, where the target nucleotide recognition sequence
hybridizes tc the target nucleotide sequence. An amplification reaction, typically PCR, is carried out to incorporate the
tagging primer info the target polynuclectide (..., producing amplicons containing both the nuclectide tag sequence and the
target nucleotide sequence),

[0105] When the regulatory oligonucleotide hybridizes to the probe cligonucleotide along the regulatory sequence, the
reporter molecule and quencher molecule are positioned sufficiently close to sach other such that whenever the reporter
molecule is excited, the energy of the excited state nonradiatively transfers to the quencher melecule where it either
dissipates nonradiatively or is emitted at a difierent emission frequency than that of the reporter molecule. During strand
extension by a DNA polymerase, the probe oligonucleotide anneals to the template and acts as a primer. As a result of the
probe is incorporated into an amplicon and the reporter molecule is efiectively separated from the quencher molecule such
that the quencher molecule is no longer close enough to the reporter molecule to quench the reporter molecuie's
fluorescence. Thus, as mere and more probe

oligonuciectides are incorporated into double-stranded polynucleotides during amplification, larger numbers of reporter
molecules are released from close proximity interactions with quencher molecules, thus resulting in an increasing number of
unquenched reporter molecules which produce a stronger and stronger flucrescent signal. The detection is typicaily carried
out under conditions wherein higher than a desired fraction of

unincemporated probe oligonucleotide is hybridized to the regulatory oligonucleotide. During any stage of the detection, the
amount of the unincorporated probe cligonucieotide that is hybridized to the regulatery oligenucleotide is preferably greater
than 50%, 80%, 90%, 95%, 99%, 99.5%, 99.9%, 99.95% or more of the total unincorperated probe oligonucleotide. The
detection conditions are also selected such that the amount of unincorporated probe oligonuclectide that is not associatad to
the regulatory oligonuclectide is low compared to the incarporated probe oligonucleotide. During any stage of the detection,
the amount of unincorporated oligenucleatide that is not associated to the regulatory oligonuclectide is preferably less than
50%, 20%, 10%, 5%, 1 %, 0.5%, 0.1%, 0.05% or less of the incorporated probe cligonucleotide.

[0108] In various embodiments, the invention provides a detection method for one or more target nucleic acid(s), typically one
or more target polynucleotide(s), using cne or more probe oligenucleotide(s). The probe oligonucleotide’s signal can be
modulated by rescuing the probe from a regulatory oliganucleotide recognizing a regulatory sequence on the probe. The
recognition can be encoded in a sequence segment in the regulatory oligonucleotide with partial or complete complementariéy
to the regulatory sequence on the probe oligonuclectide.

{0107] Various facters influence the utility of reporter-quencher molecule pairs in hybridization and amplification assays. The
first factor is the effectiveness of the quencher molecule to quench the reporter molecule. This first factor, herein designated

"RQ ", can be characterized by the ratio of the fluorescent emissions of the reporter molecule to the gquencher molecule

when the probe is not hybridized tc a perfectly complementary polynuclectide. That is, RQ " is the retio of the fluorescent
emissions of the reporter molecule to the energy that is transferred to the quencher molecule when the probe oligonueleotide

is hybridized to the reguiatory cligonucleotide. Influences on the walue of RG' include, for example, the particular reporter and
quencher molecules used, the spacing between the reporter and quencher molecules in the hybridized complex, nucleotide

sequence-specific effects, and the degree of flexibility of structures, and the presence of impurities. A related quantity RQ ¥,
refers to the ratio of fluorescent emissions of the reporter molecule to the energy that is transferred to quencher molecule
when the probe cligoniucieotide is hybridized to a complementary polynuclectide.

[0108] A second factor is the eficiency of the probe to hybridize to a complementary polynuclectide. This second factor
depends on the probe's melting temperature, Ty, the presence of a secondary structure in the probe or target polynuclectide,

the temperature of the reaction, and other reaction conditions.
[0108] A third factor is the efficiency of the regulatory oligonuclectide ta hybridize to the probe oligonuclectide.

[0110] This third factor depends on the reguiatory oligonucleotide's melting temperature, Tr, the degree of complementarity

between the regulatery oligonuclestide and the probe oligonuclectide, the presence of 2 secondary structurs in the probe or
regulatory cligonucleotide, the temperature of the reaction, and other reaction conditions.

[0111] A Jourth factor is the oligonuclectide sequence in the vicinity of the reporter molecule. Depending on the sequence, the
flucrescence intensily of the probs is either increased or decrsased by hybridization, A strong degree of quenching is
obsened by hybridization to sequences containing deoxyguanosine nucleotides (Gs), giving a sequence specific decrease in
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florescence. For additional discussion of this effect, see Crocket et al., Analytical Biochemistry, 200:80-97 (2001} and Behlke
et al., Fluorescence Quenching by Proximal G-bases (available on the world wide web at: http: double backslash

con.idtdna. som/Support Technical/ T echnicalBulletinP DF/Fluorescence_guenching_by, proxi ma | G_bases. pdf}.

[0112] Preferably, reperter molecules are fluorescent organic dyes derivatized for attachment to the terminat 3' carbon or
terminal 5' carbon of the prabe oligenucleotide and the regutatery oligonuclectide via a linking moiety. Preferably, quencher
molecules are also crganic dyes, which may or may not be fucrescent, depending on the embediment of the invention. For
example, in a preferred embadiment of the invention, the quencher molecule is flucrescent. Generally whether the quencher
molecule s flucrescent or simply releases the transferred energy from the reporter by non-radiative decay, the absorption
band of the quencher should substantially overlap the flucrescent emigsion band of the reporter molecule. Non-flucrescent
quencher molecules (NFQMs), such as Black Hole quenchers, that absorb energy from excited reporter molecuies, but which
do not release the energy radiatively, are knewn in the art and may be used.

[01 3] There is a great deal of practical guidance avallable in the literature for selecting appropriate reporter-guencher pairs for
particular probes, as exemplified by the following references; Clegg (cited above), Wu et al. (cited abowve), Pesce et al.,
editors, Fiuorescence Spectroscopy (Marcel Dekker, New York, 1971 ); White et al., Fiuorescence Analysis: A Practical
Approach (Marcel Dekker, New Yark, 1970); and the like. The fiteraiure also includeas references providing exhaustive lists of
fucrescent motecules and NEQMs, and their relevant optical properties for choosing reporter-quencher pairs, e.g., Berdman,
Handbook of Fluorescence Spectra of Aromatic Molecules, 2nd Edition (Academic Press, New York, 1971); Grifiths, Colour
and Constitution of Organic Molecules (Academic Press, New York, 1976Y; Bishop, editor, Indicators (Pergamen Press,
Oxford, 1972); Haugland, Handbook of Flucrescent Probes and Research Chemicals (Molecular Probes, Eugene, 1992}
Pringsheim, Fluorescence and Phosphorescence (interscience Publishers, New York, 1949); and the like. Further, there is
extensive guidance in the literature for derivatizing reporter and quencher molecules for covalent attachment via commen
reactive groups that can be added to an ofiganuclectide, as exemplified by the following references: Haugland (cited abowe);
Ullman et al., U.S. Pat. No. 3,886,345; Khanna et al., U.S. Pat. No. 4,351,760; and the like.

[0114] Exemplary reporter-quencher pairs may be selected from xanthene dyes, including flucresceins, and rhodamine dyes.
Mary suitable forms of these compounds are widely avallable commercially with substituents on their phenyl moisties which
can be used as the site for bonding or as the bonding functionaiity for attachment to an oligonuclectide, Another group of
fluorescent compounds are the naphthylamines, having an amine group in the alpha or beta positian. Included among such
naphthylamino compounds are 1- dimethylaminonaphthyl-E-sulfonate, 1-anilino-8-naphthalene sulfenate and 2-p-touidinyl-6-
naphthzlene sulfonate. Other dyes include 3-phenyl-7-isacyanatocoumarin, acridines, such as S-isothiocyanatoacridine and
acridine orange; N-(p-(2-benzoxazolyi)phenyl)maleimide; benzoxadiazoles, stilbenes, pyrenes, and the Tike.

[0115] Preferably, reporter and quencher molecules are selacted from fluorescein and thodamine dyes. These dyes and
appropriate linking methodologies for attachment to oligenuclectides are described in many references, e.g., Khanna et al.
(cited above);

Marshall, Histochemical J., 7:299-303 (1875); Menchen et al., U.S. Pat. No. 5,188,934; Menchen et al., European Patent
Application 87310256.0; and Bergot et al., International Application PCT/USD0/05565. The latter four documents are hereby
incorporated by reference.

[0148] In particular embodiments, flucrophores that can be used as detectable labels for probes include, but are not limited
to, rhodamine, cyanine 3 {Cy 3), cyanine 5 (Cy &), fluorescein, Vig™, Liz™,, Tamra™, 5-Fam™ , 6 -Fam™, 6-HEX CAL
Eluor Green 520, CAL Fluor Gold 540, CAL Fluer Orange 560, CAL Fluer Red 520, GAL Fluor Red 610, CAL Fluor Red 615,
CAL Fluor Red 635, and Texas Red (Molecular Probes). (Vic™, Liz™, Tamra™, 5 Fam™, 6-Fam™ are all available from
Applied Bipsystems, Foster City, Calif. 6-MEX and CAL Fluor dyes are available from Biosearch Technologies).

[0117] In particular embodiments, molecules useful as quenchers include, but are not limited to tetramethylrhodamine
(TAMRA), DABCYL (DABSYL, DABMI or methyl red) anthroguinena, nitrothiazole, nitroimidazole, malachite green, Black
Hole Quenchess®, e.g., BHQ1 (Biosearch Technologies), lowa Black® or ZEN guenchers (frem Integrated DNA
Technologies, Inc.), TIDE Quencher 2 (TQ2) and TIDE Quencher 3 (TQ3) (from AAT Bioguest).

[6118] There are many linking moieties and methodologies for attaching reparter or quencher molecules to the 5" or 3 termini
of cligonucieotides, as exempiified by the foliowing references; Eckstein, editor, Oligonucleotides and Analogues: A Practical
Approach {IRL Press, Oxford, 1891); duckerman et al., Nucleic Acids Research, 15: 5305-5321 (1887) (3' thioi group on
oligonucieotide); Sharma et al., Nucieic Acids Research, 19 3019 (1981) (3’ sulfhydryl); Giusti et al,, PCR Methods and
Applications, 2; 223-227 (1693) and Fung et al., U.S. Pat. No. 4,757,141 (5 phosphoamino group via Aminolink™ |l available
from Applied Biosystems, Foster City, Calif.) Stabinsky, U.S. Pat. No. 4,739,044 (3' aminoalkylphosphoryl group; Agrawal et
al., Tetrahedron Letters, 31 ! 1543-1546 (1990) (attachment via phosphoramidate linkages), Sproat &t al., Nugleic Acids
Research, 15: 4837 (1987) (5’ mercapto group); Nelson et al., Nucleic Acids Research, 17: 7187-7194 (188%) (3' amino
group); and the like.

[0119] Preferably, commercially svailable tinking moieties are employed that can be attached to an oligonuctectide during
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synthesis, e.g., available from {ntegrated DNA
Technologies (Coraiville, lowa) or Eurafins MWG QOperon (Muntsille, Alabama).

[0120] Rhodamine and flucrescein dyes are aiso comeniently attached to the §' hydroxyl of an dligonuclectide at the
conclusicn of solid phase synthesis by way of dyes derivatized with a phosphoramidite moiety, e.g., Woo et al., U.S. Pat,
Ne. 5,231,191 ; and Hobbs, Jr., U.S. Pat. No. 4,997,928,

10121] By judicious choice of labels, analyses can be conducted in which the different labeis are excited and/or detected at
different wavelengths in @ single reaction. See, &.9., Fiuorescence Spectroscopy (Pesce et al., Eds.) Marcel Dekker, New
York, (1971 ); White et al., Fluorescence Analysis: A Practical Approach, Marcel Dekker, New York, (19703

Reriman, Handbook of Fluorescence Spectra of Aromatic Molecules, 2nd ed., Academic Press, New York, (1971 ); Grifiiths,
Colour and Constitution of Organic Molecules, Acadamic Press, New York, (1978); indicators (Bishop, Ed.}). Pergamon
Press, Oxford, 19723; and Haugland, Handbook of Flusrescent Probes and Research Chemicals, Molecular Probes, Eugene
(1992). The reporter and quencher molecules can be positioned on the probe oligonucleotide and the regulatory
ofigonucleotide strategically for a desired distance between these labels. Typically, the distance between the reporter and
quencher molecules will be minimized to increase the effectiveness of the quencher melecule, The location of the reporter and
quencher rmolecules can be chosen strategically such that upon hybridization of the probe oligonuclectide to the regulatory
oligenuclestide, the reporter and quencher molecules are less than 20 nm, 10 nm, 7.5 nm, 6 nm, 5 nm, 4 nm, 3 nm, 1 nm,
C.8 nm, 0.6 nm, 0.4 nm or less apart. Preferably, the reporter and quencher molecules can be positioned at complementary
nucleotides in the context of an probe oligonuclestide/regulatory oligonucleotide hybricization along the regulatory sequence.
More preferably, the reporter and the quencher molecules can be positioned at the 5' end of the dligonucuelotide probe and
the 3' end of the regulatory olignucleatide.

Amplification Methods
In General

[0122] In illustrative embediments, the same set of target nucleic acids can be ampiified in each of two or more different
samples. The samples can differ from one another in any way, e.g., the samples can be from different tissues, subjects,
environmental sources, etc.

[0123] The probe oligonuclectide can be provided in the amplification mixture in varying abundance compared to that of the
tagging primer and/or reverse primer(s). More specifically, probe oligonuclectide can be present in excess of the tagging
primer. The reverse primer in the amplification mixture, can be present, in ilustrative embodiments, at a concentration in
excess of the tagging primer. For example, the concentration of the probe oligonuctectide in the amplification mixtures can be
at least 1.5-0ld, at least 4-fold, at teast 5-%0ld, at least t0-fold, at least 15-fold, af least 20-fold, af least 254old, at least 30-

fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold, at least 100-fold, at least 500- fold, at least 103-fold, at

least 5><10° -fold, at least 10% -ld, at least 5°10% -fold, at least 105- fold, at least 5><10°-fold, at least 10%-fold, or higher,
relative to the concentration of the tagging and/or reverse primer(s). In illustrative embodiments, the tagging primer can be
present in picomolar to nanomolar concentrations, €.g., about 500 nM to 5 uM, about 700 nM to 5 pM, zbout 50 nM to 5 MM,
about 10 nM fo 5 pM, about 5 nM to 5 M, about 1 NM to 10 MM, about 50 uM to about 500 M, about 100 LM or any other
range having any of these vaiues as endpoints (e.g., 10 nM to 50 uM). Suitable, illustrative concentrations of probe
oligenuclestide that could be used on combination with any of these concentrations of forward primer include about 10 M to
about 10 uM, about 25 nM to about 7.5 PV, about 50 nM to about 5 EM, about 75 ni to about 2.5 UM, about 100 nM to
about 1 M, about 250 nM to about 750 nM, about 500 nM or any other range having any of these values as endpoints (e.g.,
10 nM to 50 uM).

[0124] Each amplification mixture can be subjected to amplification to produce target amplicons comprising tagged target
nucleotide sequences comprising the nucieotide tag. In certain embodiments, the nuclectide tag is selected so as to awid
substential annealing to the target nuelsic acids. In such embodiments, the tagged target nucleotide sequences can include
molecules having the following elements: 5-{nucleotide tag from the tagging primer- {target nucleotide sequence}3'. [0125] In
illustrative embediments, the nucleotide tag sequence identifies a particular polymorphic variant. Thus, for example, a set of T
target nucleic acids, each containing $ polymorphic veriants, can be amplified, where 8 and T are integers, typically greater
than one. In such embodiments, amplification can be performed separately for each target nucleic acid, wherein a different
tagging primer is used for each polymorphic variant, A different probe oligonuclectide with a correspording nuclectide tag can
be used for each polymorphic variant. This embodiment has the achantage of reducing the number of different probe
oligenuclectides that would need to be synthesized to identify polymorphic variance in amplicons produced for 2 plurality of
target sequences. Altematively, diffierent sets of {agging and reverse primers can be employed for each target, wherein each
set has a set of nucleotide tags for each polymorphic varant that is gifierent from the primers in the other set, and different
probe aligonuclectides are used for each sample, wherein the probe oligonucleotides have the corresponding sets of
nucleotide tag sequences and different reporter molecules. In either case, the emplification produces a set of T amplicons
from each sample that bear allele-specific reporters. Regulatary oligonuclectides specifically recognizing the different
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regulatory sequences in each probe oligonuclectide are provided with @ comesponding quencher melecule.

[0128] In embodiments, wherein the same set of tagging and reverse primers is used for each sample, the tagging and
reverse primers for each target can be initially combinad separately from the sample, and gach probe
oligonucleotide/regulatary oligonucleotide set can be initially combined with its coresponding sample. Aliquots of the initially
combinad tagging and reverse primers can then be added to aliquots of the inltially combined sample and probe
oligonucleotide/regulatory oligonuciestide sets. These amplification mixtures can be formed in any article that can be
subjected to conditions suitable for amplification. For example, the amplification mixtures can be formed in, or distributed
into, separate compartments of a microfiuidic device prior to ampiification. Suitable microfuidic devices inciude, in illustrative
embodimeants, matrix-type microfiuidic devces, such as those described below.

[01271 Any amplification method can be employed to produce amplicons from the amplification mixtures. In illustrative
embodiments, PCR is employed.

[0128] PCR thermal cycling protocols are weil known in the art. Typically, PCR consists of a series of 20-40 cycles. For
example, and not limitation the cycle may include a

denaturation step, an annealing step (allowing annealing of the primers to the single- stranded DNA template) and an
extension/elongation step.

[0128] The amplification is generally carried out for at least three cycles to introduce the nucleotide tag. In various
embodiments, amplification is carried cut for 5, 10, 5, 20, 25, 30, 38, 40, 45, or 50 cycles, or for any number of cycles falling
withir. a range having any of these values as endpoints (e.g. 5-10 cycles). In particular embodiments, amplification is caried
out for a sufficient number of cycles to normalize target amplicen copy number across targets and across samples {e.g., 15,
20, 25, 30, 35, 40, 45, ar 50 cycles, or for any number of cycles falling within a range having any of these values a8
andpoints).

[0130] An exernplary pretocel, for illugtration and not limitation, incudes & hotstart step [95° C. for 5 min], a 35 cycie
souchdown PCR strategy [1 cycle of 95°C for 15 sec, 84°C for 45 sec, and 72°C for 15 sec; 1 cycle of 85°C for 15 sec, 863 °C
for 45 sec, and 72 °C for 115 sec; 1 cycle of 95 °C for 15 sec, §2°C for 45 sec, and 72°C for 15 sec; 1 cycle of 95 °C for 18
sec, B1 °C for 45 see, and 72 °C for 15 sec; and 34 cycles of 85° C. for 15 sec, 62° C. for 45 sec, and 72° C. for 15 sec], and
a cooling step [1 cycle of 25 °C for 10 sec].

[0131] Pariicular embodiments of the above-described method provide substantially uniform amplification, yielding one or
more target amplicons wherein the majority of amplicons are present at a level relatively close to the average copy number
calculated for the one or more target amplicons. Thus, in various embodiments, at least 50, at least 55, at least 60, at least
B85, at ieast 70, at least 75, at least 80, at least 85, at least 90, at least 91, at least 92, at least 93, &t least 94, at least 95,
at least 96, at least 97, at least 98, or at [east 99 percent of the target amplicons are present at greater than 50 percent of
the average number of copies of target amplicons and less than 2-fold the average number of copies of target amplicons.

[0132] The invention also prevides, in cartain embodiments, a method for amplifying a piurality of target nucleotides in which
the incarporation of the probe cligonucieotide is, optionally, omitted and the target nucleotide sequences are tagged during
the amplification. More specifically, the invention provides & method for amplifying a plurality of target nucleic acids, typically,
in a plurality of samples, that entails preparing an amplification mixture for each target nucleic acid. Each amplification
mixture includes a tagging primer including a target-specific sequence and a reverse primer including a target-specific
sequence. The amplification mixtures are subiected to amplification to produce arnplicons of one or more targst nucleotides.
The target nucleotide sequences are then provided one or more sets of probe oligonucteotide/reguiatory oligonuclectide,
wherein the probe oligonucleciides recognize the nuclectide tag associated with each pelymorphic variant. In various
embodiments, 2 second amplification reaction can be perfermed to incomorate the probe oligonucleotide. In altermative
embodiments, the probe oligonuclectide hybridizes te the tagged target nucleic acid, wherein the regulatary cligonucieotide
acts as a competing agent. In such embodiments, it will be especially advantagesus for the regulatory aligonucleotide to have
an auxiliary sequence that partially owvetlaps with the nucleotide tag recognition sequence on the probe oligonuclectide. it will
be further advantageous for the auxiliary sequence to have a reduced complementarity to the probe oligonuclectide, compared
to the tagged target nucleic acid along the same nuclectides, when the probe oligonuclectide and the regulatory
oligonuclectide are aligned along the regutatory sequence. In preferred embodiments, this auxiliary sequence will be located
at the 5' end of the regulatory oligonuclectide.

[0133] The competitiveness of the regutatory oligonuclectide for the probe oligonucieotide can be adjusted varying the
strength of the interaction between the regulatery

oligonuclectide and the probe oligonuclectide, as well as the interaction between the nuclectide tag and the probe
oligonucleotide. The competition can be standardized such that the acquired signal Is relatively proportional to the average
copy number of a tagged target nucleic acid with a particular polymorphic variant.

Long-range PCR
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[0134] In various embodiments, the target nuclectide sequence amplified can be, e.g., 25 bases, 50 hases, 100 bases, 200
bases, 500 bases, or 750 bases. In certain embodiments of the above-described methods, a long-range amplification method,
such as long-range PCR can be employed to produce amplicons from the amplification mixtures. Long-range PCR permits
the amplification of target nucleotide sequences ranging from one or a few kiichases (kb) to over 50 kb, In various
embodiments, the target nuclectide sequences that are amplified by long-range PCR are at least about 1, 2, 3, 4,5, 6,78,
9,10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, or 50 kb in length. Target nucleotide sequences can also fall within any
range having any of these values as endpoints (e.g., 25 bases to 100 bases or 5 15 kb). The use of leng-range PCR in the
above-described methods can, in some embodiments, vield z plurality of target amplicons wherein at least 50, at least 55, at
least 60, at least 65, or at least 70 percent of the target amplicons are present at greater than 50 percent of the awerage
number of copies of target amplicons and less than 2-fold the average number of copies of target amplicons.

[0135] Long-range PCR is well known in the art. See, e.g., Cheng at al. {June 1994). "Effective amplification of long targets
from cloned inserts and buman genomic DNA". Proc. Natl. Acad. Sci. U.S.A. 91 : 5695-9. Enzymes, protocols, and kits for
long-range PCR that are suitable for use in the methods described here are commercially available; examples include:
SequalPrep™ Long PCR Kit (Invitregen, USA), Plullltra® Il Fusion HS DNA palymerase (Stratagene), Phusion® DNA
polymerases, Phusion® Flash High Fidelity PCR Master Mix (Finnzymes).

[0136] In certain embodiments, the amount of target amplicons produced in the amplification mixtures can be quantified
during amplification, e.g., by quantitative real-time PCR, or after. Digital PCR

[0137] In some embodiments, samples are loaded inta an amplification device, for example, a PCR plate or a microfiuidic
device, at sample concentrations containing on awerage in the range of 0.8 to 1.6 amplification templates per well, or in some
embodiments one amplification template per well or chamber. Each well or chamber in the device is prepared such that it
contains suitable tagging and reverse primers and a relevart combination of probe oligonuclectidelregulatory oligonuclectide
sets. For discussions of "digital PCR” see, for example, Vogelstein and Kinzler, 1899, Proc Natl Acad Sci USA 96:9236-41:
MeBride et al., U.S. Patent Application Publication No. 20050252773, especially Exampie 5 (each of these publications are
hereby incorporated by reference in their entirety}. Digital amplification methods can make use of certain-high-throughput
devices suitable for digital PCR, such as microfluidic devices typically including a large number and/or high density of small-
wlume reaction sites (e.g., nano~voiume reaction sites or reaction chambers), In ilfustrative embodiments, digital amplification
is performed using a microfluidic device, such as the Digital Array microfluidic devices described below. Digital ampiification
can entail distributing or partitioning a sample among hundreds to thousands of reaction mixtures disposed in a
reaction/assay platform or microfiuidic device. In counting the number of positive amplification results, e.g., at the reaction
endpoirt, one is counting the individual template molecules present in the input sampte one-by-one. A major advantage of
digital amplification is that the quantification is independent of variations in the amplification efficiency— successful
amplifications are counted as one molecule,

independent of the actual amount of product.
[0138] in certain embediments, digital amplification can be carried out affer

preamplification of sample nucleic acids. Typicaly, preamplification prior to digital amplification is performed for a limited
number of thermal cycles (e.g., 5 cycles, or 10 cycles). in certain embodiments, the number of thermal cycles during
preamplification can range from about 4 to 15 thermal cycles, or about 4-10 thermal cycles. In certain

embodiments the number of thermal cycles can be 3, 4, 5, 6.7,8,8 10,11, 12, 13, 14, 15, or more than 15. The above-
described amplification to produce adaptor sequence-containing armplicons for DNA sequencing can be substituted for the
typical preamplification step.

[0138] Digital amplification methods are described in U.S. Publication No. 20090239308, which Is hereby incorporated by
reference in its entirety and, in particular, for its disclosure of digital amplificatien methads and devices. Generally, in digital
amplification, identical {or substantially similar) amplification reactions are run on a nuclsic acid sample, such as genomic
DNA. The number of individual reactions for a given nucleic acid sample may vary from about 2 to over 1 ,000,000. Typically,
the number of reactions performed on a sample is about 100 or greater, more typically about 200 or greater, and even more
typically about 300 or greater. Larger scale digital amplification can also be performed in which the number of reactions
performed on a sample is about 500 or greater, about 700 or greater, about 785 or greater, about 1,000 or greater, about
2,500 or greater, about 5,000 or greater, about 7,500 or greater, or about 10,000 or greater. The number of reactions
performed may also be significantly higher, such up to about 25,000, up to aboit 50,000, up to about 75,000, up to about
100,000, up to about 250,000, up to about 500,000, up to about 750,000, up to about 1,000,000, or even greater than 1
,000,000 assays per genomic sample.

[0140] In particular embodiments, the quantity of nucieic acid subjected to digital amplification is generally selected such
that, when distributed into discrete reaction mixtures, each individual amplificatior reaction is expected to include one or
fewer ampiifiable nucleic acids. One of skill in the art can determine the concentration of target amplicon(s) produced as
described above and calculate an appropriste amount for use in digital amplification. More conveniently, a set of serial
dilutions of the target amplicon(s) can be tested. For example, & device that is commercially avaliable fom Fluidigr Corp. as
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the 12.765 Digital Array microfiuidic device allows 12 different dilutions to be tested simultansously. Optionally, a suitable
dilufion can be determined by generating a linear regression plot. For the optimal dilution, the line should be siraight and pass
through the origin. Subsequently the coneentration of the original samples can be calculated from the plot,

[0141 ] The appropriate quantity of target amplicon(s) can be distributed into discrete locations or reaction wells or chambers
such that each reaction includes, for example, an average of no more than abotit one amplicen per volume. The target
amplicon(s) can be combined with (an) probe oligonuclectide/regulatory aligonucleotide set(s), prior to distribution or after.

[0142] Following distribution, the reaction mixtures are subjected to amplification to identify those reaction mixtures that
contained a target amplicon. Any amplification method can be empioyed, but conveniently, PCR is used, e.g., reai-time PCR
or endpoint PCR. This amplification can employ probe oligonucleotides capable of amplifying the target amplicon(s). In
particular embodiments, all or some of the probe oligonuclectide, regulatory oligonucleotide, tagging primer and reverse
primer are provided. [n aliemative embadiments, the probe cligonucleotide can anneal to the nuclectide tag introduced in a
previous amplification step.

[0143] The concentration of any target amplicon {copies/ul} is correlated with the number of positive (i.e., amplification
product-containing) reaction mixtures. See U.S. patent publication No. 20090239308, which is incorporated by reference for
all purposes and, in particular, for analysis of digital PCR results. Also see Dube et al., 2008, "Mathematical Analysis of
Copy Nurmber Variation in a DNA Sample Using Digital PCR on & Nanofiuldic Device" PLoS ONE 3(8). 2876.
doi:10.1371/journal.pone.000287€, which is incorporated by reference for all purposes and, in particular, for analysis of digital
PCR resuits.

[0144] In an illustrative embodiment of sample calibration for DNA sequeancing by digltal PCR, a PCR reaction mix containing
roughly 100-36¢ amplicons per il can be loaded onte a Digital Aray microfiuidic device, such as Fluidigm Corporation's
{South San Francisce, Calif.) 12.785 Digital Array microfiuidic device, described below. The microfluidic chip has 12 panels
and each panel contains 7685 chambers. Replicate panels on the digital chip can be assayed in order fo obtain absolute
quantiiication of the initiat concentration of a target nucleic acid.

Sample Nucleic Acids

[0145] Preparations of nucleic acids ("samples”) can be abtained from biological sources and prepared using comentional
methods known in the art. In particular, DNA or RNA useful in the methods described herein can be extracted and/or
amplified from any scuree, including bacterta, protozoa, fungl, vruses, organelles, as well higher arganisms such as plants or
animals, particularly mammals, and mere particularly humans. Suitable nucleic acids can also be cbtained from
environmental sources (e.g., pond water, air sample), from ran-made products (e.g., food), from forensic samples, and the
like. Nucleic acids can be exiracted or amplified from cells, bodily fluids (e.g., blood, a bicod fraction, uring, etc.), or tissue
samples by any of a variety of standard technigues. llustrative samples include samples of plasma, serum, spinal fluid,
lymph fluid, peritoneal fluid, pleurat fluid, oral fiuid, and external sections of the skin: samples from the respiratory, intestinal
genital, and urinary tracts; samples of tears, saliva, blood cells, stem cells, or tumors, For example, samples of fetal DNA
can be obtained from an embryo or from matemal blood, Samples can be obtained from live or dead organisms or from in vitro
cultures. lustrative samples can include singie cefls, parafin.embedded tissue samples, and needle biopsies. Nucleic acids
useful in the invention can alsc be derived from one or more nucleic acid libraries, including cDNA, cosmid, YAC, BAC, P1,
PAC libraries, and the like.

[0146] Nucleic acids of inferest can be isclated using methads well known in the art, with the choice of a specific method
depending on the source, the nature of nucleic acid, and similar factors. The sample nucleic acids need not be in pure form,
put are typically sufficiently pure to allow the amplification steps of the metheds of fhe invention to be performed. Where the
target nucleic acids are RNA, the RNA can be reversed transcribed into GDNA by standard methods known in the art and as
described in Sambrock, J., Fritsch, E. F., and Maniatis, T., Molecular Cloning: A Laboratory Manual . Cold Spring Harbor
Laboraiory Press, NY, Vol 1, 2, 3 (1888), for example. The cONA can then be analyzed according to the methods of the
irvenition. Target Nucleic Acids

[0147] Any target nucleic acid that can be tagged in an encoding reaction of the invention {described herein) can be detected
using the methods of the invention. In typical embodiments, at least soms nucleotide sequence information will be known for
the target nucleic acids. For example, if the encoding reaction employed is PCR, sufficient sequence information is generally
avallable for each end of a given target nucleic acid to permit design of suitable amplification primers. In an alternative
embodiment, the target-specific sequences In primers could be replaced by randotn or degenerate nucieotide sequences.

[0148] The targets can include, for example, nucleic acids associated with pathogens, such as viruses, bacteria, protozea, or
fungi; RNAs, e.g., those for which over- or under- expression Is indicative of disease, those that are expressed in a tissue- or
developmentak specific manner; or those that are induced by particular stimudi; genomic DNA, which can be analyzed for
specific polymorphisms {such as SNPs), alleles, or haplotypes, e.g., in genotyping. Of particular interest are genomic DNAs
that are altered (e.q., amplified, deleted, and/or mutated) in genetic diseases or other pathologies; sequences that are
associated with desirable or undesirable traits; and/or sequences that uniquely identify an individual (e.g.. in forensic or
patemity determinations).
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Primer Degign

[C148] Primers suitable for nuclsic acid amplification are sufficiently long fo prime the synthesis of extension products in the
presence of the agent for polymerization. The exact length and composition of the primer will depend en many factors,
including, for example, temperature of the annealing reaction, source and composition of the primer, and where a probe is
employed, the nuclectide tag portion of the tagging primer will be designed applying the same principles to the annealing of
the probe oligonucleotide to the nucleotide tag. The ratio of primenprobe concentration can alsc be considered. For example,
depending on the complexity of the target nucieic acid sequence, an oligenucleotide primer typically contains in the range of
about 15 to about 30 nucleotides that recognize the targeted nuclectide sequence, although it may contain more or fewer
nucleotides, The primers should be suficiently complementary to selectively anneal to their respective strands and form
stable duplexes. One skilled in the art knows how to select appropriate primer pairs to amplify the target nucleic acid of
interest.

[0150] Primers may be prepared by any suitabie method, including, for example, cloning and restriction of appropriate
sequences or direct chemical synthesis by methods such as the phosphotriester method of Narang et al. (1979) Met .
Enzymol. 68: 80-88; the phosphodiester method of Brown et al. (1979) Meth. Enzymol. 68: 108-151 ; the
diethylphosphoramidite method of Beaucage et al. (1981) Tetra. Lett, 22: 1859-1862; the soli¢ support method of U.S. Pat.
No. 4,458,068 and the like, or can be provided from a commergial source.

[0151] Primers may be purified by using a Sephadex column (Amersham Biosciences, Inc., Piscataway, N.J.) or other
methods known to those skilled in the art. Primer purification may improve the sensitivity of the methods of the invention.

Assay Formats

[0152] Assays of the inveniion may be carried out in a variety of formats, including multiwell formats and microfluidic formats
such as, but not limited to, droplet systems {see, e.g., Kiss &t al., 2008, Anal Chem 80: 8875-81.) and integrated microfluidic
devices, In some embodiments the PCR amplification reaction is cartied out in a reaction volume greater than 500 nL, or
greater than 1 uL. For example, in some embodiments the PCR amplification reacticns are carried out in @ multiwell plaie
comprising 96-1538 wells. In some

embodiments, Ta is about 57°C. In other embodiments, the PCR amplification reaction is caried out in a reaction wlume
less than 100 nL. In some embodiments the PCR amplification reaction is cared out in a micrefiuidic device. In some
embodiments Ta is about 60°C.

Microfluidic Denvices

[0153] in certain embodiments, any of the methods of the invention can be carried out using a microfiuidic device. In
illustrative embodiments, the device is a matrix-type microfluidic device is one that allows the simultaneous combination of a
plurality of substrate solutions with reagent solutions in separate isolated reaction chambers. It will be recognized, that a
substrate solution can comprise one or a plurality of substrates and a reagent solution can comprise one or a plurality of
reagents. For example, the micrefluidic device can allow the simultaneous pairwise combination of a pluratity of different
amplification primers and samples. In certain embodiments, the device is configured fo contain a different combination of
primers and samples in each of the differenf chambers. In various embodiments, the number of separate reaction chambers
can be greater than 50, usually greater than 00, more often greater than 500, even more often greater than 1000, and
sometimes greater than 5000, or greater than 10,000,

[0154] In particular embodiments, the matrix-type microfluidic device is a Dynamic Array (*DA") micrefluidic device, an
example of which is shown in FIG. 21 of WO 05/107938A2, and described therein. DA microfluidic device is a matrix-type
microfiuidic device designed to isolate pair-wise combinations of samples and reagents {e.g., amplification primers, detection
probes, etc.) and suited for carrying out qualitative and quantitative PCR reactions including real-time quantitative PCR
analysis. in some embodiments, the DA microfiuidic devce is fabricated, at least in part, from an elastomer. DA microfiuidic
devices are described in PCT publication WO05/107938 A2 {Thermal Reaction Device and Method For Using The Same) and
US Pat. Publication US20050252773A1 , both incorporated herein by reference in their entireties for their descriptions of DA
micrefluidic devices. DA microfluidic devices may incorporate high-density matrix designs that utilize fiuid commurnication vias
between layers of the microfiuidic device to weave control lines and fluid lines through the denvice and between layers. By
virtue of fluid lines in multiple layers of an elastomeric block, high density reaction cell amangements are possible.
Alternatively DA microfiuidic devices may be designad so that all of the reagent and sample channgls are in the same
elastomeric layer, with control channels in a different layer.

[0155] U.S. Patent Publication No. 2008/0223721 and PCT Publication No. WQ

05/107938A2, both incorporated by reference herein, describe illustrative matrix-type devices that can be used to practice the
methods described herein. FIG. 21 of WO

05/107938A2 shows an illustrative matrix design having a first elastomeric layer 2110 (1 st layer) and a second elastorneric
layer 2120 { 2 d layer) each having fluid channels formed thereir. For example, a reagent fluid channe! in the first layer 21 10
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is connected to a reagent fiuid channel in the secend layer 2120 through a vie 2130, while the second layer 2120 also has
sample channels therein, the sample channels and the reagert channels terminating in sample and reagent chambers 2180,
respectively. The sample and reagent chambers 2180 are in fluid communication with each other through an interface channel
2150 that has an interface valve 2140 associated therewith to control fiuld communication between each of the chambers
2180 of a reaction cell 2160 . In use, the interface is first closed, then reagent is introduced into the reagent channel from the
reagent inlet and sample is introduced into the sample channel through the sample infet; containment vahes 2170 are then
closed to isolate each reaction cell 2160 from other reaction cells 2160 . Onge the reaction cells 2160 are isolated, the
interface valve 2140 is cpened to cause the sarmple chamber and the reagent chamber to be in fiuid communication with each
other so that a desired reaction may take place. It will be apparent from this {(and the description in WO 05/107838A2) that
the DA microfluidic device may be used for reacting M number of differert samples with N number of difierent reagents.

[0156] Although the DA microfluidic devices described above in WO 05/107¢38 are well suited for conducting the methods
described herein, the invention is not limited to any particular device or design. Any device that partitions a sample and/er
allows independent pair-wise combinations of reagents and sample may be used. U.S. Patent Publication No. 20080108063
twhich is hereby incorporated by reference it its entirety) includes a diagram illusirating the 48.48 Dynarnic Array [FC
{Integrated Fluidic Circuit), a commercially available device available from Fluidigm Corp. {South San Francisco Calif.).

[0157] It wiil be understood that other configurations are possible and contemplated such as, for example, 48496; 96°66;
30x120; etc.

10158] In specific embodiments, the microfltidic device can be a Digital Array microfluidic device, which is adapted to perform
digital amplification. Such devices can have integrated channels and valves that partition mixtures of sample and reagents
into nanclitre wolume reaction chambers. In some embodiments, the Digital Aray microfuidic device is fabricated, at least in
part, fom an elastomer. llustrative Digital Array microfluidic devices are described in pending U.S. Applications ownad by
Fluidigm, inc., such as U.S. patent publication No. 20090239308. One Illustrative embodiment has 12 input ports
corresponding to 12 separate sample inputs to the device. The device can have 12 panels, and each of the 12 panels can
contain 765 6 nl_ reaction chambers with a total volume of 4.59 i it per panel. Microfluidic channels can connect the various
reaction chambers on the panels to fluid scurces.

Pressure can be applied to an accumulator in order to open and close valves connecting the reaction chambers to fluid
sources. In illustrative embodiments, 12 inlets can be provided for loading of the sample reagent mixture. 48 infets can be
used to provide a source for reagents, which are supplied to the biochip when pressure is applied to accumulator.

Additionally, two or more inlets can be provided to provide hydration to the biochip.

Hydratien inlets are in fluid communication with the desice to facilitate the contro} of humidity associated with the reaction
chambers. As will be understood to ane of skill in the art, some elastomeric materials that can be utilized in the fabrication of
the devce are gas permeable, allowing evaporated gases or vapor from the reaction chambers to pass through the
elastomeric material into the surrounding atmosphere. In a particular embodiment, fluid lines located at peripheral portions of
the device provide a shield of hydration liquid, for example, a buffer or master mix, at peripheral portions of the biochip
surrounding the panels of reacticn chambers, thus reducing or preventing evaporation of figuids present in the reaction
chambers. Thus, humidity at peripheral portions of the device can be increased by adding a wiatile liquid, for example water,
to hydration inlets. In a specific embodiment, 2 first inlet is in fluid communication with the hydration fluid lines surrounding
the panels on a first side of the biochip and the second inlet is in fluid communication with the hydration fuid lines
surrounding the panels on the other side of the biochip.

[0152] While the Digital Amray microfiuidic devices are well-suited for camying out the digital amplification methods described
herain, one of ordinary skill in the art would recognize many variations and altematives to these devices. The microfiuidic
device which s the 12.765 Dynarnic Aray commercially available from Fluidigm Corp. (South San

Francisco, Calif), includes 12 panels, each having 765 reaction chambers with a volume of 6 nl | per reaction chamber.
However, this geometry is net required for the digital

amplification methods described herein. The geometry of 2 given Digital Array microfividic device will depend on the particuiar
application. Additional description related to devices suitabie for use in the methods described herein is provided in U.S.
Patent Application Publication No, 2005/0252773, incorporated herein by reference for its disclosure of Digital Amray
microfluidic devices.

[0160] In certtain ermbodiments, the methods described herein can be performed using a microfiuidic device that provides for
recovery of reaction products. Such devices are described in detall in U.S. patent application publication No. US 2010-
0273218, which Is hereby incorporated by reference in its entirefy and specifically for its description of microfiuidic devices
that permit reaction product recovery and reiated methods.

Detection

[0161] In particular embodiments, real-time gquantification methods are used. For example, "guantitative reaitime PCR"
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methods can be used to determine the quantity of a target nucleic acid present in & sample by measuring the amount of
amplification product formed during the amplification process itself. This method of monitoring the formation of amplification
product involves the measurement of PCR product accumulation at multiple time points.

[0162] Devices have been developed that can perform a thermal cycling reaction with compositions containing a flucrascent
indicatar, emit a light beam of a specified wavelength, read the intensity of the flucrescent dye, and display the intensity of
flucrescence after each cycle. Devices comprising a thermal cycler, light beam emitter, and a fluorescent signai detector,
have been described, e.g., in U.S. Pat. Nos. 5,828,907; 6,015,674; and 6,174,670.

[0163] In some embodiments, each of these functions can be performed by separate devices. For example, if one employs a
Qr-bete replicase reaction for ampiification, the reaction may not take place in a thermal cycler, but could include a light beam
emitted at a specific wavelength, detection of the fluorescent signal, and calculation and display of the amount of
amplification product.

[01684] In particular embodiments, combined thermal cycling and fluorescence detecting devices can be used for precise
quantification of target nucleic acids. In some embodiments, flusrescent signals can be detected and displayed during and/or
after one or more thermal cycles, thus permitting monitoring of ampiification products as the reactions occeur in "realtime.” In
certain embediments, ene can use the amount of amplification product and number of amplification cycles to calculate how
much of the target nucleic acid sequence was in the sample prior to amplification. [0165] According to some embodiments,
one can simply monitor the amount of amplHication product after a predetermined number of cycles sufficient to indicate the
presence of the target nucleic acid sequence in the sample. One skilled in the art can easily determine, for any given sample
type, primer sequence, and reaction condition, how many cycles are sufficient to determine the presence of a given target
nucleic acid.

[0188] The detection is typically performed under conditions favorable jor the association of the reporter and quencher
rmolecules. A suitable temperature can be chosen to improve the hybridization of the probe oligonucieotide and the regulatory
oligenucleotide for signal acquisition, In particular embodiments, the acquisition temperature is chosen such that a significant
fraction of the unincomorated probe cligonucleotide is hybridized with the regulatory ofigonucleotide. This significant fraction
limit can be determined according to ranges specified elsewhere in this application.

[0167] According to certain embodiments, one can employ an intemal standard to quantify the amplification produst indicateg
by the flucrescent signal. See, e.g., U.S. Pat. No.

5,736,333.
[0168] in various embodiments, employing preamplification, the number of

preamplification cycles is sufficient to 2dd one or more nucleotide tags to the target nucleotide sequences, so that the
relative copy numbers of the tagged target nucleotide sequences is substantially representative of the relative cOpY numbers
of the target nucteic acids in the sample. For example, preamplification can be carried out for 2-20 cycles to introduce the
sample-specific nucleotide tags. In other embodiments, detection is carried out at the end of expanential amplification, i.e.,
during the "plateau” phase, or endpoint PCR is carried out. in this instance, preampiification will normalize amplicon copy
number across targets and across samples. In various embediments, preamplification and/or amplification can be carried out
for about: 2, 4, 10, 15, 20, 25, 30, 35, or 40 cycles or for a number of cycles falling within any range bounded by any of these
values.,

Removal of Undesired Reaction Components

[0169] It will be appreciated that reacticns imohing complex mixtures of nucleic acids in which a number of reactive steps are
employed can result in a variety of unincorporated reaction components, and that removal of such unincorporated reaction
comporents, or reduction of their concentration, by any of a variety of clean-up procedures can improve the efiiciency and
specificity of subsequently occuirring reactions. For example, it may be desirable, in some embodiments, to remove, or
reduce the concentration of preamplification primers or tagging primers prior to carrying out the amplification steps described
herein,

[C170] in certain embodiments, the concentration of undesired components can be reduced by simple dilution. For example,
preamplified samples can be diluted about 2-, 5~ 10-, 50-, 100-, 500-, 1000-fold prior to amplifieation to improve the specificity

of the subsequent amplification step.

[0171] In some embodiments, undesired components can be removed by a variety of enzymatic means. Alternatively, or in
addition to the above-described methods, undesired components can be removed by purification. For example, a purification
tag can be incarporated into any of the above-described primers (e.g., into the barcode nucleotide sequence) to facilitate
purification of the tagged target nucleotides.

[0172] In particular embodiments, clean-up includes selective immebilization of the deslred nucleic acids. For example,
desired nucleic acids can be preferentially immobilized on a solig support. In an illustrative embodiment, an affinity molety,

hitps://www.g oog le.com/patents/WO2014077822A1 Pel=endde = % 22Nucleic+acid+ detection+ using +prabes%22&hi=ensa=X&ei=0HGYU_aKlsfkeATshYC... 2340




6/11/2014 Patent WO2014077822A1 - Nugleic acid detection using probes - Goog'le Patents

such as biotin (e.g., phote-biotin), is attached o desired nucleic acid, and the resulting biotin-labeled nucleic acids
immabilized on a solid support comprising an affinity moiety-binder such as streptavidin. Immobilized nucleic acids can be
gueried with probes, and non-hybridized and/or non-ligated probes removed by washing (Ses, e.g., Published P.C.T.
Application WO 03/006677 and US Patent Publication No. 20030036064 Altematively, immobilized nucleic acids can be
washed 1o remove other components and then released from the solid support for further analysis. In particular embodiments,
an affinity moiety, such as biotin, can be attached to an amplification primer such that amplification produces an affinity
moiety- labeled (e.g.. biotin-labeted) amplicon. Thus, for example, where a tagging primer, réverse primer and an probe
oligenuciectide are employed, as described above, at least one of said oligonucleotides can include an affinity moiety.

Data Cutput and Analysis

[0173] In certain embodiments, when the methods of the invention are camied out on a matrix-type microfluidic device, the
data can be output as & heat matrix (also termed "heat map™. In the heat matrix, each square, representing a reastion
chamber on the matrix, has been assigned a color value which can be shown in gray scale, but is more typically shown in
color. In gray scale, black squares indicate that no amplification product was detected, whereas white squares indicate the
highest level of amplification produce, with shades of gray indicating levels of ampiffication product in between. In a further
aspect, a software program may be used to compite the data generated in the heat matrix into a more reader- fiendly format.

Applications

[0174] The methods of the invention are applicable te any technigue aimed at detecting the presence or amount of one or
more target nucleic acids in a nucleic acid sample. Thus, for example, these metheds are applicable to identifying the
presence of particular polymorphisms (such as SNPs), alleles, or haplotypes, or chromosomal abnommalities, such as
amplifications, deletions, or aneuploidy. The methods may be employed in genotyping, which can be carmied cut in a number
of contexts, including diagnosis of genetic diseases or disorders, pharmacogenomics (personatized medicing), quality control
in agriculture (e.g., for seeds or lvestock), the study and management of populations of plants or animals (e.9., in
aguaculture or fisheries management or in the determination of population diversity), species or strain detemnination or
patemity or forensic identifications. The methods of the invention can be applied in the identification of sequences indicative of
particular conditions or prganisms in biclogical or emvronmental samples. For example, the methods can be used in assays
to identify pathogens, such as viruses, bacteria, and fungi). The methods can alse be used in studies aimed at characterizing
emvironmants or microenvironments, &.g., characterizing the microbial species in the human gut,

[0175] These metheds can also be employed in determinations DNA or RNA copy number. Determinations of aberrant DNA
copy nunber in genamic DNA is useful, for example, in the diagnosis and/or prognosis of genetic defects and diseases, such
as cancer. Datermination of RNA "copy number," f.e., expression level is useful for expression monitoring of genes of
interast, e.g., in different indhiduals, tissues, or cells under different conditicns {e.g., different external stimuli or disease
states) and/or at different developmental stages.

10176] In: acdition, the methods can be employed to prepare nucleic acid samples for further analysis, such as, e.g., DNA
sequencing. Diseases with g genetic component can be tested for carfer status or risk disease cccurrence in subjects. One
aspect of the invention refates to predicting the carrer status or the risk of disease occurrence in a subject. The list of
diseases with a genetic gomponent Is growing and comprises Haemophilia, Galactosemia, Duchenne Muscular Dystrophy,
Polycystic Kidney Disease, Neurcfibromatosis Type |, Hereditary Spherocytesis, Marfan syndrome, Huntington's Disease,
Abdominal Aortic Aneurysm, Age-related Macular Degeneration, Alcohol Dependence, Alopecia Areata, Ankylosing
Spondylitis, Asthma, Atopic Dermatitis, Adtrial Fibrillation, Atrial Fibrillation:

Preliminary Research, Attention-Deficit Hyperactivity Disorder, Back Pain, Basal Cell Carcinoma, Behcet's Disease, Bioclar
Disorder, Bipotar Disorder: Praliminary Research, Bladder Cancer, Brain Aneurysm, Breast Cancer, Celiac Disease, Chronic
Kidney Diszase, Chronic Lymphocytic Leukemia, Chronic Obstructive Pulmonary Disease {COPD), Cleft Lip and Cleft Palate,
Cluster Headaches, Colorectal Cancer, Creutzfeldi-jakob Disease, Crohn's Disease, Developmental Dyslexia, Endometriosis,
Esophageal Cancer, Esophageal Squamous Cell Carcinoma (ESCC), Essential Trermor, Exfoliation Glaucoma, Follicuiar
Lymphoma, Galistones, Generalized Vitiligo, Gestational Diabetes, Gout, Hashimote's Thyroiditis, Heart Attack,
Hypertension, Hodgkin Lymphoma, Hypertriglyceridemia, Intrahepatic Cholestasis of Pregnancy, Keloid, Kidney Disease,
Kidney Stones, Larynx Cancer, Lou Gehrig's Disease {ALS), Lung Cancer, Lupus (Systemic Lupus Erythematosus), Male
Infertility, Melanoma, Multiple Sclercsis, Narcolepsy, Nasopharyngeal Carcinoma, Neural Tube Defects, Neurcbtastoma,
Nicotine Dependence, Nonalceholic Fatty Liver Disease, Obesity, Obsessive-Compulsive Disorder, Cral and Throat Cancer,
Osteoarthritis, Otosclerosis, Paget's Disease of Bone, Parkinson's Disease, Parkingon's Disease:

Preliminary Research, Peripheral Arteral Disease, Placental Abruption, Polycystic Ovary Syndrome, Preeclampsia, Primary
Biliary Cirrhosis, Progressive Supranuclear Palsy, Prostate Cancer, Psoriasis, Restless Legs Syndrome, Rheumatoid
Arthritis, Schizophrenia, Limited Cutaneous Type Scleroderma, Seleciive IgA Deficiency, Sjogren's Syndrome, Stomach
Cancer, Gastric Cardia Adenocarcinoma, Stroke, Tardive Dyskinesia, Tryroid Cancer, Tourette's Syndrome, Type 1 Diabetes,
Type 2 Diabetes, Ulcerative Colitis, Uterine Fibroids, and Venous Thromboembolism, Alpha-1 Antitrypsin Deficiency, Cancer ,
Bicom's Syndrome, Canavan Disease, Connexin 28-Related Sensorineural Hearing Loss, Cystic Fibrosis, Factor Xl
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Deficiency, Familial Dysautoromia, Familial Hyparcholesterolemia Type B, Familial Mediterranean Fever, FANCC-related
Fanconi Anemia, GBPD Deficiency, Gaucher Diseass, Glycogen Storage Disease Type 1a, Hermochromatosis, Limb-girdle
Muscular Dystrophy, Maple Syrup Urine Disease Type 1 B, Mucolipidosis IV, Niemann-Pick Disease Type A,
Phenylketonuria, Rhizomefic Chondrodysplasia Punctata Type 1 (RCDP1), Sickle Cell Anemia & Malaria Resistance, Tay-
8achs Disease, and Torsion

Dystenia, Genotypes associated with genetic traits can also be tested in subjects. Yet another aspect of the invention relates
to predicting the carmier status or the likelihcod of occurrence of a trait in a subject. Genetic traits that are comelated with a
genetype comprise Adiponectin Lewels, Alcohol Flush Reaction, Asparagus Metabolite Detection, Awidance of Emors, Birth
Weight, Bitter Taste Perception, Blood Glucose, 1Q Dependence on

Breastfeeding, C-reactive Protein Lewel, Chronic Hepatitis B, Earwax Type, Eye Color, Food Preference, Freckling, HDL
Cholesterol Level, HIV Progression, Hair Color, Hair Curl, Hair Thickness, Helght, Hypospadias, Lactose Intolerance, Leprosy
Susceptibifity, Longenvity, Susceptibility to Malaria Complications, Malaria Resistance (Duffy Antigen), Male Pattem
Baldness, Non-erbal IQ, Obesity, Episodic Memory, Age at Menarche, Early Menopause, Muscle Performance, Diego, Kidd,
and Kell Blood Groups, Norovirus Resistance, Odor Detection, Pain Sensitivity, Persistent Fetal Hemoglobin, Photic Sneeze
Reflex, Prostate- Specific Antigen, Reading Ability, Refractive Error, Resistance to HIV/AIDS, Response to Diet and
Exercise, Sex Mormene Regulation, Smoking Behavior, and Tuberculosis

Susceptibility.

[0177] Further, an fndividual's response to treatment by a drug can be linked to particular genotypes. Another aspect of the
invention relates to predicting an indivMdual’s response to drug treatment in correlation with a particular genotype. Drug
responses can be predicted for a list of drug treatments comprising Alpha-1 Antitrypsin Deficiency, Breast Cancer , Bloom's
Syndrome, Canavar Disease, Connexin 26-Related Sensorineural Hearing Loss, Cystic Fibrosis, Factor X Deficiency,
Familiai Dysautonomia, Familiat Hypercholesterclemia Type B, Familial Mediterranean Fever, FANCC-related Fanconi
Anemia, GBPD Deficiency, Gaucher Disease, Glycogen Storage Disease Type 1 a, Memochromatosis, Limb-girdie Muscular
Dystrophy, Maple Syrup Urine Disease Type 1 B, Mucolipidosis &, Niemann-Pick Disease Type A, Phenylketonuria,
Rhizomelic Chondrodysplasia Punctata Type 1 (RCDP1 ), Sickle Cell Anemia & Malaria Resistance, Tay-Sachs Diseass,
and Tersion Dystonia,

[0178] Finally, nucteic acid samples can be tagged as a first step, prior subsequent analysis, to reduce the risk that
mislabeling or cross-contamination of samples will compromise the results. For example, any physician's office, laboratory,
or hospital could tag samples immediately after collection, and the tags could be confirmed at the time of analysis. Similary,
samples containing nucleic acids eollected at a crime scene could be tagged as soon as practicable, to ensure that the
samples could not be mislabeled or tampered with. Detection of the tag upon each transfer of the sample from one party to
another could be used to establish chain of custody of the sample.

Kits

[0179] Kits according to the invention include one or more reagents useful for practicing one or more assay methods of the
imention. A kit generally includes a package with one or more containers holding the reagent(s) {e.¢g., primers and/or
probe(s)), as one or more separate compositiens or, optionally, as admixture where the compatibility of the reagents will
allow. The kit can also include other material(s) that may be desirable from a user standpoint, such as a buffer(s), a
diluent(s), & standard(s), and/cr any other material useful in sample processing, washing, or conducting any other step of the
assay.

[0180] Kits accerding to the invention generally include instructions for carrying cut one or more of the methods of the
irvention. Instructions included in kits of the invention can be affixed to packaging material or can be included as a package
insert or provided as electronic media. As used herein, the term "instructions® can include the address of an internet site that
provides the instructions.

EXAMPLES
Example 1

[0181] Figure 1 illustrates use of the methed in a genotyping assay, to detect the presence of specific zllele(s) in a sampie.
In the cartcon, two target nucleic acid sequences (T and T) are present in the sample, T being characterized by an A allele at
& particuiar SNP and T being characterized by a G allele. Tand T are tagged in a PCR reaction using a pair of tagging
primers, ohe comprising & nucleotide tag sequence X and a target nuclectide recognition sequence that hybridizes to, and
acts as a primer for, the A allele, and the other corprising & nuclectide tag sequence Y and a target nuclectide recognition
sequence that hybridizes to, and acts as a primer for, the G allele. The encoding or tagging PCR reaction (shown as an
enceding PCR reaction) "incorporates” the x tag into amplicons {if any} of the A allele, and “incorporates” the v tag into
amplicons (If ary) of the G allele. The encoding amplification may make use of 2 single reverse primer,

[0182] As shown in the figure, the reaction contains two probe oligonucleotide-regulatory nusleotides pairs. In the first, the
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probe cligonucleotide comprises a reporter (Rg), a regulatory sequence (2), and a primer sequence that hybridizes to the tag
sequence incorporated into the A aliele amplicons and acts as primer jor the FCR amplification reaction, while the regulatory
oligonucleotide comprises a quencher (Q), a sequence segment (Z) complementary to regulatory sequence, and a tail
segment (L) that is not cerplementary to the probe. In the second, the probe oligonucleotide compriges a reporter {Rg), @
reguiatory sequence (W), and a primer sequence that hybridizes to the tag sequence incorporated inte the G aliele amplicons
and acts as primer for the PCR ampiification reaction, while the regulatory oligonuclectide comprises a quencher {Q), which
may be the same or different from the quencher of the first pair, a sequence segment (W)

complementary to regulatory sequence, and a tait segment (L) that is not complementary to the probe, The tail (i) sequences
of the two regulatery oligonucleotides may be the same or different. The probe oligonuclectide and regulatory oligonuclectide
of each pair comprise a reporter-guencher pair sa that the reporter emits a detectable (e.g., fiuorescent) signal' when the
probe oligonuciestide is hybridized to the regulatory oligonucleotide, but does not emit the signal when the probe and
regulatory eligonuclectides are hybridized to each other, the reporter is guenched.

[0183] As is shown in the figure, probe dligonuclectide-primed PCR armpilification of the tagged target nucleic acid sequences
results in amplicons in which the reperter(s} is incorporated, thereby separating the reporter(s) from the fuencher
molecule(s). The resulting reperter signal(s) may be detected and are indicative of the presence of the corresponding allele in
the sample. The elements on the figure are not drawn to scale. In addition, the association of the displaced regulatory
oligonucleotides with the unbound probe sequences is not shown in this figure. (See Figure 2.)

Example 2

{0184] Tagging primers are designed for each polymarphic variant for various polymorphic sites. In addition to the target-
specific sequences, the tagging primers are designed to contain a nuclectide tag sequences at the 5' end. When testing a
polymorphic site, the tagging primers for the first alleles contained a diffierent nuclectide tag sequence than the tagging
primers for the second allele. The sequences of the primers containing both nuclectide tag sequences and the iarget-specific
sequences are listed in Table 1.

[0185] Reverse primers are designed to flank the target polynucleotide and are listed in Table 2.

[0185] Probe oligenucleatide - regutatory cligonucledtice pairs are designed. The probe oligonucleotides contain a variety of
nucleatide tag sequences at the 3' end cormesponding to the nucleotide tag sequences on the tagging primers. The probe
oligonucleotides contain regulatory sequences at the 3' end that are recognized by the comespending regulatary
oligonucleotide. The probe oligenuclectides are labeled with a fluorescent reporter molecule at the 3' end. The fluorescent
dyes are selected from FAM, CalOrange, and HEX The regulatory oligonuclectites are labeled with a correspending
quencher at the 5’ end.

[0187] When testing a polymorphic site, two sets of probe cligonucleotide/reguiatory oligonuclectide pairs may be used.
Each set contain a different reporter quencher pair and a different nucleotide 1ag sequence corresponding to the nuclestide
tag sequences In the tagging primers,

[0188] The sequences of the probe oligonuciectide/ regulatory cligonucieotide pairs are listed in Tables 3 and 4. The
oligonuclectides are synthesized by Operon at 10 nmol scale, and provided resuspended In TE buffer (Teknova) at a
concentration of 100 uM.

[0189] Human genomic DNA samples may be resuspended at 60 ng/pl in low-EDTA TE buffer (Teknova), and prepared for
PCR accerding fo known methods and as described herein above.

Runriing the 48.48 Dynamic Aray™ IFC

[0190] The containment and interface accumulator resenvoirs are filled with 300 Wl of Control Line Fluid (Fluidigm PN
89000020). 5 ui of each Sample Mix is loaded inte the sample inlets, and 4 YA of the appropriate 10X Assay Mix is [caded
into each assay inlets on the 48.48 Dynamic Array™ IFC (Fluidigm, PN BMK-M-48.48),

10191] The IFC is thermal cycled and imaged using an FCA™ Cyeler manufactured by Fluidigm Corporation. The IFC thermal
cycling protocol includes a hotstart step [85° C. for 5 mir], a 35 cycle touchdown PCR strategy [1 cycle of 95 °C for 15 sec,
B4 °C for 45 sec, and 72° C. for 15 sac; 1 cycle of 85 °C for 15 sec, 63 °C for 45 see, and 72 °C for 15 sec; 1 cycle of 95 °C
for 5 sec, 62 °C for 45 sec, and 72° C. for 15 sec; 1 cycle af 95 °C for 15 sec, 81 °C for 46 sec, and 72 °C for 15 sec; and 34
cycles of 95° C. for 15 sec, 62° C. for 45 sec, and 72° C. for 15 see], and a cooling step [1 cycle of 25 °C for 10 sec]. The
data is collected in an EP1™ Reader manufactured by Fluidigm Corporation and analyzed using the SNP Genefyping
Analysis Software v.3.1.0. Table 1 - Tagging Primers
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Table 2 - Reverse Primers
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Table 3 - Probe oligonucleatides {"Probe oligonuclectides™)
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Tabie 7 — 10X Assays
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[0192] It Is understood that the invention is not limited to the particular methodology, protocols, and reagents, etc., described
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herein, as these can be varied by the skilled artisan. It is also understaod that the terminelogy used herein is used for the
purpose of describing particular ilustrative embodiments only, and is not intended fo imit the scope of the invention. The
embodiments of the invention and the various features and advantageous details thereof are explained more fully with
reference to the non-imiting embodiments and examples that are described and/or ilustrated in the accompanying drawings
and detatled in the following description. It should be noted that the features illustrated in the drawings are not necessarily
drawn to scale, and features of one embodiment may be employed with other embodimenis as the skilled artisan would
recagnize, even If not explicitly stated herein. Descriptions of wail-known components and processing technigues may be
omitted so as to not unnecessarily abscure the embodiments of the invention.

[0193] It is understood that the examples and embodiments described herein are for illustrative purposes only and that
various medifications or changes in light thereof will be suggested to persons skilled in the art and are to be included within
the spirit and pundew of this application and scope of the appended claims.

[0484] In addition, all other publications, patents, and patent applications cited herein are hereby incorporated by reference in
their entirety far all purposes.

CLASSIFICATIONS

Internaiional Classification C12Q1/68
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