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PATENT APPLICATION
PROBE BASED NUCLEIC ACID DETECTION

CROSS REFERENCE TO RELATED APPLICATIONS
{00011 This application claims priority to U.S. provisional application No. 61/484,198, filed
Y

9, 2011, the entire contents of which are incorporated herein by reference

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER PROGRAM
LISTING APPENDIX SUBMITTED AS AN ASCIH TEXT FILE
{00021 The Sequence Listing written in file 35665-838805_8T25.TXT, created on May 8,
2012, 13,706 bytes, machine format IBM-PC, MS-Windows operating system, is hersby

incorporated by refarence in its entirety for all purposas.

FIELD OF THE INVENTIO
[0003] The invention relates 1o & PCR-based detection system suitable for nuclectide

polymorphism (SNP) genotyping and other genetic assays.

ACKGROUND OF THE INVENTION

[0C04] Fluorescent reportsr molecule - quencher molecule pairs have been incorporated
orio probe oligonucleotides in order to monitor biological evenis based on the flucrascent
reporter molecule and quencher molecule being separated or brought within a minimum
guenching distance of each other. For example, probes have been developed where the
intensity of the reporter molscule fluorescence increases due to the separation of the
reporter molecule frorm the guencher molecule. Probes have also been developed which
lose their fluorescence because the gquencher molecule is brought info proximity with the
reporter molecule. These reporter - quencher molecule pair probes have been used o
monitor hybridization assays and nucieic acid amplification reactions, especially polymerase
chain reactions {(PCR), by monitoring either the appearance or disappesrance of the
fiuorescence signal generated by the reporier molscule.

[0005]  One particularly important application for probes inciuding a reporter - quencher
rolecule pair is their use in nucleic acid ampiification reactions, such as polymerase chain

reactions (PCR), to detect the presence and amplification of a target nucleic acid sequence.
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in general, nucieic acid amplification techniques have opened broad naw approaches o
genetic testing and DNA analysis. Amheim and Erdich, Ann. Rev. Biochem., 81 131-156
{1892). PCR, in particular, has become a rasearch tool of major importance with applications
in, for example, cloning, analysis of genetic exprassion, DNA sequencing, genetic mapping
and drug discovery. Arnheim and Erkich, Ann. Rev. Biochem., 81; 131-156 (1902); Gilliland
et al, Proc. Nall. Acad, Sci, 87: 2725-2729 (1990), Bevan et al, PCR Methods and
Applications, 1. 222-228 (1982}, Green et al,, PCR Methods and Applications, 1: 77-80
{1981); Blackwell et al., Science, 250: 1104-1110 (1990).

[0008] Accordingly, & need exists for probes which exhibit distinguishable fluorescence
characteristics when hybridized and not hybridized to a target nuclsic acid ssquence. A
further need exists for probes where the reporier molscule and quenchsar molecule are
positioned on detection pairs such that the quencher molecule can effectively quench the
fluorascence of the reporter molecule. A further need exists for probes which are efficiently
synthesized. A further need exists for & detsction method, whersin few synthesized probes
can be used in a large number of assays. Yet a further nead exists for a deleclion method
with high specificity. A further need exists for proximity based quenching positicning the
reporter molecule and quencher molecule on the detection pars such that the reporter and
guencher molecules are sufficiently close to sach other upon sequence specific
hybridization.

[0007] These and further objsctives are provided by the probes and methods of the

prasent invention.

SUMMARY OF THE INVENTION
{0008} In one aspect, the invention provides a method for delecting a2 target nuclectide
sequence comprising:

a) tagging the target nuciectide sequence with a nucleotide tag sequence, thereby
producing 2 tagged target nucleic acid sequence;

b) providing a probe oligonucieotide comprising a nucieotide tag recognition
seqguence complementary o the nuclectide tag sequence and a regulatory ssquence 5 to
the nuclectide tag recognition sequence, whersin said probe oligonuclectide comprisss @
first label and has a melting temperaturs Tm1,

c) amplifying the tagged targst nucleic acid sequence in & PCR amplification reaction

using the probe oligonucizolide as a primer, wherein said PCR amplification reaction is
characterized by an annealing temperature Ta;
wherein the PCR amplification reaction is carried oul in the presence of a regulatory

oligonucleotide comprising 8 sequence segment that is complementary o the regulatory

]
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seguence, wherein said regulatory oligonucleotide comprises a second label and has a
melting temperature Tm2, and

d} detecting the product of the PCR amplification reaction,

wherein the first label and the second label constitute a fluorescent reporter/quencher
pair, and whersin Tm1 and Tm2 are both higher than Ta.
{00081 In an embodiment, the tag sequence is incorporated info the tagged target nucleic
acid seguence using a PCR reaction.
{0018} In an embodiment, the nuclectide tag recognition sequence is exactly complementary
o the nuclectide tag sequence. In an embodiment, the regulatory oligonucleotide comprises
a sequence segment that is axactly complementary o regulatory ssquence. In an
embaodiment, the regulatory oligonuclectide has a length in the range of 15-45 nuclectides.
in an embodiment, Ta is in the range of 55-82°C. In an embodiment, Ta is in the rangs of
80-64°C. In an embodiment, Ta is in the rangs of 60°C-62°C. In some smbpodiments, Tmt is
at least 25°C higher than the annealing temperature (Ta). In some embodimants, Tm2 is at
least at least 2°C, at lsast 3°C, at least 4°C, at feast 5°C, or at least 10°C higher than the
annealing temperature (Ta). in some embodiments Tm2 is in the range of 80-75°C. In some
embodiments, Tm1 and Tm2 are calculated by the formula: Ty, (°C) = 4{(G+CH+2{A+T).
{0011] In some embodiments the PCR amplification reaction is carried out in & reaction
volume greater than 500 nl, or greater than 1 ul. For example, in some embodiments the
PCR amplification reactions are caried out in a mulliwell plate compriging 96-1538 welis. in
some embodiments, Ta is about 87°C
(00121 In some embodiments the PCR amplfication reaction is carried out in & reaction
volume less than 100 nl. in some embodiments the PCR ampilification reaction is carried out
in a microfluidic device. In some embodiments Ta is about 80°C.
[0013] In certain embodimsnts, Ta is the yielding annealing temperature.  iIn some
embodiments the PCR amplification reaction comprises at least 20 cycles af the annealing

temperature (Ta).

BRIEF DESCRIPTION OF THE DRAWINGS
[C014] Figure 1 lliustrates the use of the present assay for genotyping. T = targst
sequence, or complement; X, Y = {ag sequence, or complement, Rg, Rg= reporters, Q =

guencher(s), z, w = regulatory sequence, or complement.
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DETAILED DESCRIPTION

A. DEFINITIONS
[0018] Terms used in the claims and specification arg defined as set forth below unless
otherwise spscified. Thess terms are defined specifically for clarily, but all of the definitions
are consistent with how a skilled person in the art would understand these terms.
[0018] It also noted that as used herein and in the appendsd claiims, the singular forms
"a,” "an,” and "the” include the plural reference unless the context clearly dictates otherwize.
Thus, for example, a reference 10 "a call” is a reference 1o one or more cells and equivalents
thereof known o those skilled in the arl.
[0017]  As used herein, “immobiized” means insolubllized or comprising, attached {6 or
operatively associated with an insoluble, partially inscluble, collcidal, particuiate, dispersed,
suspended andfor dehydrated substance or g molecule or solid phase comprising or
attached to a solid support.
[0018] As used herein, “solid support” refers 1o a composition comprising an
immoebiiization matrix such as but not limited to, insolubilized substance, solid phase,
surface, substrate, layer, coalting, woven or nonwoven fiber, matrix, crystal, membrane,
insoluble polymer, plastic, glass, bictogical or biccompatible or bicerodible or bicdegradable
polymer or matrix, microparticle or nanoparticle. Solid supports include, for example and
without limitation, monolayers, bilayers, commercial membranes, resing, matrices, fibers,
separation media, chromatography supports, polymers, plastics, glass, mica, gold, bsads,

nicrospheres, nancspherss, silicon, galium arsenide, organic and inorganic metals,
semiconductors, insulators, microstructures  and  nanostructures.  Microstructures  and
nanostructures may include, without limitation, microminiaturized, nanometsr-scale and
supramoiscular probes, tips, bars, pegs, plugs, rods, sleeves, wires, fllaments, and tubes.
{0018]  The term “adjacent,” when used hersin to refer two nuclkeotide sequencss in a
nucleic acid, can refer o nuclectide sequences separated by 0 o aboul 20 nuciectides,
maore specifically, in a range of about 1 to about 10 nuclectides, or sequences that directly
gbut one ancther.
[0020]  The term ‘nucleic acid” refers fo a nuclectide polymer, and uniess otherwise
limited, includas anaicgs of natural nucleotides that can function in a similar manner (8.q.,
hybridize) to naturally occurring nuclectides.  Unless otherwise limited "nucleic acids” can
include, in addition to the standard basss adenine, cytosine, guaning, thymine and uraci,
various naturally occeurring and synthetic bases {e.g., inosine), nuclectides and/or
backbones,
[0021]  The term nucleic acid includes any form of DNA or RNA, including, for example,
genomic DNA; complementary DNA (cDNA), which is a DNA representation of mRNA,
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usuaily obtained by reverse transcription of messenger RNA (mRNA) or by amplification;
DNA molecules produced synthetically or by amplification; and mRNA.

{00221 The term nucleic acid encompasses double- or triple-siranded nucieic acids, as
well as single-stranded molecules. in double- or tripie-stranded nucleic acids, the nucieic
acid strands nesd not be coextensive (e, a double-stranded nucisic acid need not be
double-stranded along the entire lsngth of both strands).

{0023} The term nucleic acid also encompasses any chemical modification thersof, such
as by methylation and/or by capping. Nucleic acid modifications can include addition of
chernical groups that incorporate additional charge, polarizability, hydrogen bonding,
slectrostatic interaction, and functionality 1o the individual nucleic acid bases or o the nucleic
acid as a whole. Such modifications may include base modifications such as 2-position
sugar modifications, S-position pyrémidine nodifications, 8-position purine modifications,
modifications at cyiosine exocyclic amines, substitutio of 5-bromo-uracil, backbone
hadifications, unusual base pairing combinations such as the isobases isccylidine and
isoguaniding, and the like. '

[0024] More particularly, in  certain  embodiments, nucleic acids, can include
poivdecxyribonuciestides (containing 2-deoxy-D-ribose), polyribonuclectides {containing D-
ribose), and any other type of nucieic acid that is an N- or C-glycoside of @ purine or
pyrimidine base, as well as other polymers containing normucleotidic backbones, for
axampia, polvamide (e.g., peplide nucleic acids (PNAs)) and polymorphaline {commercially
available from the Anti-Virals, Inc., Corvallis, Oreg., as Neugene) polymers, and other
synthetic sequence-specific nuciaic acid polymears providing that the polymers contain
nuclecbases in a configuration which aliows for base pairing and base stacking, such as is
found in DNA and RNA. The term nucleic acid also encompasses linked nucleic acids
{LNAs), which are described in U.S. Pat Nos. 6,704,489, 6,670,461, 6,262,490, and
8,770,748, each of which is incorporated hersin by referencs..

{00251 The nucleic acid(s) can be derived from a completely chemical synthesis process,
such as a solid phase-mediated chemical synihesis, from a biciogical source, such as
through isolation from any species that produces nucleic acid, or from processes that involve
the manipulation of nucieic acids by molecular biclogy fools, such as DNA repiication, PCR
amplification, reverse transcription, or from a combination of those processes,

[0026] The term “target nucieic acids” is used herein to refer to particular nucleic acids to
bz detected in the methods of the invention.

{00271 As used herein ths terrm “target nuclsclide sequence” rsfers o a nuclectide
sequence of interest, such as, for example, the amplification product obtained by amplifying

a target nucleic acid or the cBNMNA produced upon reverse transcription of an RNA target
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nucleic acid. In the case of RNA, the target nuclectide sequence can substitute thymidine (T}
for uracit (U).

[0028]  As used herein, the term "complementary’ refers to the capacity for precise pairing
between two nuclectides. | e., if a nucleotide at a given position of a nucleic acid is capable
of hydrogen bonding with a nuclectide of another nucleic acid, then the two nucleie acids are
considered to be complementary to one another at that position. A "complament” 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 compilete when total complementarity exists betwsen the single-stranded molecules. The
degree of complementarity between nucleic acid strands has significant effects on the
afficiency and strength of hybridization between nuclsic acid strands. Two sequences that
are partially complementary may have, for example, at least 80% identity, or at least 85%,
G96%, 97%. 98%, or 99% identily sequence over a sequence of at least 7 nucleotides, more
typically in the range of 10-30 nucleolides, and often over a sequence of at least 14-25
nuclectides. it will be undersiood that the 3’ base of a primer sequence wili desirably be
nerfectly complementary to corresponding bases of the target nucleic acid sequence to allow
sriming to ocour.

{0028 “Specific hybridization” refers o the binding of a nucleic acid to a arge! nucleotide
sequence in the absence of substantial binding to other nucleotide sequences present in the
hybridization mixture under defined stringency conditions. Those of skili in the art recognize
that relaxing the stringency of the hybridization conditions allows seguence mismalches to
be iolerated. In particular embodiments, hybridizations are carried out under stringent
hybridization conditions.

100301 Ty rafers to "meiting temperature”, which is the ternperature at which a population
of double-stranded nucleic acid molecules becomes haif-dissociated info single strands.
The T, of 2 single stranded oligonucleotide, as used herein, refers to the T, of a double
stranded molecule comprising the oligonucleotids and iis exact complement. Reporters or
quenchers are not included in the delermination of T.. As used herein, Ty, may be
determined by calculation. Specifically, the T, of an cligonucisctide may be a calculated Ty,
according to the equation: "T,, (°C) = HG+C1+2(A+T)" (Thein and Wallace, 1888, in Human
genetic disorders, p 33-50, IRL Press, Oxford UK, incorporated herein by reference).

[0031] The term “cligonuciectide” is used to refer 1o a nucleic acid that is relatively short,
generally shorter than 200 nucleotides, mare particuiarly, shorter than 100 nucleotides, most
particularly, shorter than 50 nuclectides. Typically, oligonucleotides are single-stranded DNA
molfecules. Oligonuciectides used in the invention can be chemically modified. Chemical
modifications can equip the oligonuciectides with additional functionalifies, such as chemical

activity, affinity or protection from degradations, e.g. by nucieases.
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[0032]  The term “primer” refers {0 an cligonucisctide that is capable of hybridizing (aiso
termed “annealing”) with a nucleic acid and serving as an initiation site for nuclectide (RNA
or DNA} polymerization under appropriate conditions {e.g., in the prasence 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
typically at least 7 nuclectides long and, more typically range from 10 fo 30 nucleotides, or
aven more typically from 15 to 30 nucleotides, in length. Other primers can be somewhat
longer, e.g., 30 to 80 nuclectides long. in this context, "primer length’ refers to the portion of
an oligonuclestide or nucleic acid that hybridizes to a complementary “target” sequence and
primes nuclectide synthesis. Short primer molecules 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
ternplate. The term “primer site” or “primer binding site” refers to the segment of the target
nucieic acid to which a primer hybridizes.
[0033] A primer is said to anneal to ancther nucleic acid if the primer, or a portion thereof,
hybridizes to a nucleotide segquence within the nucleic acid. The statermnent that & primer
hybridizes to a particular nucleotide sequence is not intended to imply that the primer
hybridizes either completely or exclusively o that nuclsctide sequence. For example, |
cartain embodiments, amplification primers used herein are said to "anneal to a nucleotide
tag”. This description encompasses probelprimers that anneal wholly to the nucleotide tag,
as well as probe/primers that anneal parlially to the nucleotide fag and partially fo an
adjacent nuclectide sequence, &.g., a farget nuclectide sequence. Such hybrid primers can
increase the spacificily of the amplification reaction.
0034] As used herein, the selection of primers "s0 a3 to avoid substantial annealing o the
target nucleic acids” means that primers are selected 3o that the majority of the amplicons
detected after ampiification are "full-length” in the sense that they result from priming at the
expected sites at each end of the target nucleic acid, as opposed o amplicons resulting from
priming within the target nucleic acid, which produces shorter-than-expected amplicons. in
arious embodiments, primers are selected so that at least 55%, at least 60%, at least 85%
at least 70%, at least 75%, at least 80%, at least 85%, at least 80%, at least 95%, at least
96%, at least 97%, atleast 8 or at least 38% of amplicons are full-length.
[0035]  The term "prirer pair” refers to a set of primers including a % “upsirgam primsr” or
“forward primer” that hybridizes with the complement of the 5" end of the DNA sequence to

ar

be armplified 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
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“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 nuclelc acid capable of binding to & 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 &
duplex structurs. The probe binds or hybridizes to a “probe binding site.” The probe can be
fabeled with a detectable label (o parmit facile detection of the probe, particularly once the
probe has hybridized to ifs complementary target. Alternatively, however, the probe may be
unlabeled, but may be deleciable by specific binding with a ligand that is labeled, either
directly or indirectly. Probes can vary significantly in size. Generally, probes are at lsast 7 1o
5 nucieotides in length. Other probes are at least 20, 30, or 40 nucleotides long. Still other
probes are somewhat longer, being at least 50, 80, 70, 80, or 80 nucleotides long. Yet other
probes are longer still, and are at least 100, 150, 200 or more nuclectides long. Frobes can
also be of any length that is within any range bounded by any of the above values (s.g., 15-
20 nucleotides in length).
{0037 A primer or probe seguence can he perfectly complementary 10 the sequence to
which it hybridizes or can be less than perfectly complementary. In certain embodiments, the
primer or probe sequence has at ieast 65% identity to the complement of the target nucleic
acid sequence over a sequence of at least 7 nuclectides, more typically over a sequence v
the range of 10-30 nucieotides, and often over a sequence of at least 14-25 nucieotides, and
more often has at least 75% identity, at least 85% identity, at least 90% identity, or at least
G5%, 86%, 97%. 98%, or 88% identity. It will be understood that cerfain bases {e.g., the 3
bass of 2 primer) are generally desirably perfectly complementary to corresponding bases of
the target nucleic acid sequence.
[0038] The terms "nucleotide tag sequance,” "nuciectide tag” and "tag sequence” is used
herein to refer o a predetermined nucleotide sequence that is added to a target nucieotide
ssguence. The nuciectids tag can encods an item of information about the targe! nuclectide
sequence, such the identity of the target nuclectide ssquence or the identity of the sample
from which the target nucleotide sequence was derived. In cartain smbodiments, such
information may be encoded in one of more nucleotide tags, £.g., a combination of two
nuciectide tags, one on either end of a targst nucleotide sequence, can encode the identity
of the target nuclectide sequence.
[00381  As used herein, the term "encoding reaction” refers to reaction in which at least one
nucieotide tag is added to a target nucleotide sequence. This process may be referred to as
“tagging.” Nucleotide tags can be added, for exampie, by an "encoding PCR" in which the at
feast one primer comprises a target-specific portion and a nuclectids tag located on the &
end of the target-specific portion, and a second primer that comprises only a target-specific
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portion or a targst-specific portion and a nucleotide tag located on the 5 end of the target-
specific porticn. For illustrative examples of PCR protocols applicable to encoding PCR, ses,
e.g., PCT Publication Nos. WO 2004/051218 and WO US03/375808, as well as U.3. Pat. No.
8,605,451, which are hereby incorporated by reference in their entirsty. Nucleotide tags can
also be added by an “encoding ligation” reaction that can comprise a ligation reaction in
which at least one primer comprizes a target-specific portion and nucleotide tag located on
the & end of the target-spacific portion, and a second primer that comprises a target-specific
portion only or a target-specific portion and a nucleotide tag located on the &' end of the
targst specific portion. Hlustrative encoding ligation reactions are described, for example, i
U8 Pat Noo 7,601,821 and Patent Publication No. 2005/0260640, which is hereby
incorporated by refsrence in its entirety, and in particular for ligation reactions. Nucleotide
tags can also be added by other amplification methods; ses below.

(00407 As used herein an “encoding reaction” produces a "tagged target nuciectide
sequence” or “laggsd target polynuciestide”, which include a nucleotide tag linked to a target
nucleotide sequence.

[0041]  As used herein with reference to a portion of a primer, the term “taz‘get-specéﬁc”
nucleotide sequence refers o a sequence that can specifically anneal to a targsi nucleic
acid or a target nucleotide sequence under suitable annsaling conditions.

[0042]  As used hersin with reference o a portion of a probefprimer, the term “nuclectide
tag recognition sequence” refers 1o a sequence that can specifically anneal to a nuciectide
tag under suitable annesling conditions.

[0043]  “Amplification,” according to the present {eachings encompasses any means b
which at least a part of at least one targe! nucleic acid is reproduced, typically in a template-
dependent manner, including without limitation, a broad range of techniques for amplifying
nucleic acld sequences, either linsarly or exponentially. Hiustrative means for performing an
armplifying step include ligase chain reaction (LCR)}, ligase detection reaction (LDR}, ligation
followed b; G-replicase amplification, polymerase chain reaction (PCR), primer extension,
strand displacement amplification (SDA), hyperbranched strand displacement ampiification,
muitiple displacement ampiification (MDA), nucieic acid sirand-based amplification (NASBA),
two-step muitiplexed amplifications, rolling circle amplification (RCA), and the like, including
multiplex versions and combinations thereof, for axample but not limited to, OLA/PCR,
PCR/OLA, LDR/PCR, PCOR/PCR/LDR, PCR/LDR, LCR/PCR, PCR/LCR {also known as
combined chain reaction—CCR), and the like. Descnptions of such technigques can be found
in, among other sources, Ausbel et al.; PCR Primer: A Laboratory Manual, Diffenbach, Ed.,
Cold Spring Harbor Press {1985}, The Eiecironic FProfocol Book, Chang Bicscience (2002);
Visuih et al., J. Clin, Micro. 34:561-07 {1286); The MNucleic Acid Protoceis Handbook, R,

Q.

Raplay, ed., Humana Press, Totowa, N.J. {2002}, Abramson et al., Curr Opin Biotechnol.
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1993 February; 4(13:41-7, U.S. Pal No. 8,027,988; U5, Pal. No. 8,605,451, Barany ef at,,
PCT Publication No. WO 97/31258; Wenz et al., PCT Publication No. WO 01/92579; Day ef
al., Genomics, 28{(1). 1562-1862 (1995), Ehrlich f al., Science 252:1643-50 (1891); Innis et al.,
PCR Protocols: A Guide to Methods and Applications, Academic Press {1880); Favis et al,,
Mature Biotschnology 18:561-84 {2000}, and Rabenau et al, infection 28:97-102 (2000},
PHILLIP BELGRADER, Mi(‘HAE . MARING, MATTHEW LUBIN, FRANCIS BARANY.
Genome Science and Technology. 1(2) 77-87, (1890), Belgrader, Barany, and Lubin,
Development of a Multiplex Ligation Detection Reaclion DNA Typing Assay, Sixth
international Symposium on Human identification, 1995 (available on the world wide web at
promega.comigenaticidproc! ussympBproc/blegrad himi-); LER Kit Instruction Manual, Ca
#200520, Rev #050002, Stratagene, 2002, Barany, Proc. Naill Acad. Sci. USA 88:188-03
(1981}; Bi and Sambrook, Nuch Acids Res, 25:2924-2951 (1997}, ZJirvi et al., Nucl. Acid Res.
27:e40i-vil (1999);, Dean ef al, Proc Natl Acad Sci USA 88:5281-86 (2002), Barany and
Galfand, Gene 108:1-11 (1981}, Walker et al, Nucl. Acid Res, 20:1691-98 {°
al., BMOC Inf. Dis. 2:18-(2002); Lags et al., Genome Res. 2003 February, 13(2).284-307, and
Landegren et al., Science 241:1077-80 (1388), Demidov, V., Expert Rev Mol Diagn. 2002
. Movember;, 2(6).842-8., Cook et al, J Microbiol Methods., 2003 May, 53(2):165-74,
Schweiizer et al., Curr Opin Biotechnol, 2001 February;, 12(13:21-7, U.&. Pat. No. 5 830,711
J.5. Pat No. 6,027 882, 1.5 Pat No. 5,886,243, PCT Publication No. WO0056927A3, and
PCT Publication No. WO8803673A1. Each of the aforelisted references is incorporiated
herein by reference. In some embodiments, amplification comprises at least one cycle of the
sequential procedures of annesaling at least one primer with complementary or substantially

complementary sequences in al least one target nucleic acid; synthesizing at least one

strand of nuclestides in a template-dependent manner using a polymerase; and denaiuring
the newly-formed nucieic acid duplex to separate the strands. The cycle may or may not bs
repeated. Amplification can comprise thermal cycling or can be performed isothermally.

[0044] “Polymerase Chain Reaction Amplification,” or "PCR" refers to an ampilification
method in which thermal cycling, consisting of cycles of repeated healing 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. For
example, and not limitation the cycle may include a denaluralion step, an anneaiing step
(aliowing annesling of the primers to the single-stranded DNA lemplate) and an
axtension/siongation step. Each step may occur at a particular temperature, for a particular
length of time, and under particular reaction conditions. For exampie, 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 protocels {e.g., touchdown PCR) & high annealing temperature in initial cycles

10
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may be descreased in incraments ininitial cycles. For purposes of the invention, in such

protocols, the Ta is defined as the annealing temperature usead in the maerity of the cycles.

{00457 The term "gPCR” is used hersin o refer to guanttative real-time poiymerase chain

rale

reaction (PCR), which is also known 2as “realtime PCRY or “kinetic polymerase chair

1004581 A reagent” refers broadiy to any agent used in a reaction, other then the analyie

{e.g., nuciaic acid being analyzed). lustrative reagenis for a nucleic acid amplification

reaction inciude, but are not limitsd to, buffer, metal lons, polymerass, reverse transcriptass,

primers, lempiate nuclesic acid, nuclentides, iabeis, dyas, nucleases, and the like. Reagents

¢

for enzyme reaclions inciude, for exampis, substrates, cofactors, buffer, metal ons,

inhibitors, and activators.

{00477 The term "label,” a3 used herein, refers {0 any atom or molecule that can be used

o provide a deleclable andior quanitfiable , the label can be attached,

or indirectly, 10 a nuclew acid or protein. abels that can be atiached 0

. inciude, but are not fimited to, fluoropheres, chromophoras, mass

electron dense partic magnatic partée:ies, spin labels,

The term “dye,” has i3 standard meaning in the art. The term "flucrescent dye,” as

sad herein, geﬂems‘iy refers to any dve thal emits electromagnetic radiation of longer

wavelength by 8 fluorescent mechanism upon iradiatio

famp, a photodiode, or a laser.

Bl

Tha term “reporer mols

tapable of ganerating a

ule” refers 1o a m

escance signal. A “queancher molgcuie” refers 1o a malscule capable of absorbing the

fluorescence energy of an excited reporter molecule, thereby gusnching the fluorescance
signal that would otherwize be released from the exciied reporter molecule. in order for a

guencher molecuis 0 quench an excited fluorophore, o is ofien advantageous that the

g distance of the sxaitad ¢

guencher molecule is within a minimum gquenchi

at some bme starting from the excitation of the reporter molecule, but pnor to the reporter

.!’:!

sncher molecules are positioned sufficiently ciose to each

grescence  energy. in proximily based qua

ige

maolecuie releasing the stored fu

applications, the reporter and
athar such thal whenever the reporier molecule is excitad, the energy of the excited slate
fransfers 1o the quencher molscule where i sither dissipates nonradiatively or is emitted at a

cule. Several non-radiative snergy

different emission frequency than that of the reporter mu

mechanisms work over shorier distances and are appropriate for proximity based

guenching apphcations

v
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[0080] The term “elastomer” has the general meaning used in the art. Thus, for exampie,
Allcock et al. {Contemporary Polymer Chemistry, 2nd Ed.) describes elastomers in general
as polymers existing at a lemperature between their glass iransition temperature and
liquefaction lemperature. Elastomeric materials exhibit elaslic properlies because the
polymear chains readily undergo torsional motion to permit uncoiling of the backbone chaing
in response to a force, with the backbone chains recoiling o assume the prior shape in the
absence of the force. In general, slastomers deform when force is applied, but then returm o
their original shape when ths force is removed.

[0051] A “polymorphic marker™ or “polymorphic site” is a locus at which a nuclectide
sequence divergence occwrs. llustrative markers have at lzast two alleles, each typically
occurring at a frequency of graater than 1%, and more typically greater than 10% or 20% of
a selected population. A polymorphic site may be as small as one base pair. Polymorphic
markers include restriction fragment length polymorphism (RFLPs), variable number of
tandem repeals (VNTR's), hypervariable regions, minisateliites, dinuciectide repeats,
frinuclectide repeats, telranuclectide repeats, simple sequence repeats, deletions, and
insertion elements such as Alu. The first identified alielic form s arbitrarily designated as the
reference form and other allelic forms are designated as alternative or variant alieles. The
alfelic form occurring most frequently in a selected popuiation is sometimes referred fo as
the wildtype form. Diploid organisms may be homozygous or heterozygous for allelic forms.
A diailelic polymorphism has two forms. A triallelic polymorphism has three forms.

00521 A "single nucleotide polymorphism™ (SNP) oceurs at a polymorphic sile ocoupied by

i

a singie nuclectide, which is the site of variation between allelic sequences. The site is
usually preceded by and foliowed by highly conserved sequences of the allele (2q.,
sequences that vary in less than 17100 or 171000 members of the popuigtions). A SNP
usually arises due to substitution of one nuclectide for another at the polymorphic site. A
transition is the replacement of one purine by anocther purineg or ong pyrimidine by ancther
pyrimidine. A transversion is the replacement of a purine by a pyrimidine or vice versa. SNPs
can alse arise from 3 deletion of a8 nucleotide or an insertion of a nuclectide relative to a

reference aliele.

8. Description

gquence comprisingia) tagging the target nuciectide seguence with a nuclectide tag
seq prising: g6 g

«

sequence, thereby producing a fagged target nucleic acid sequence; b providing a probe
oligonuclectide comprising a nucleotide tag re-cognition sequence complementary o the
nuclectids tag sequence and a regulatory segusnce § to the nuclestide tag recognition

sequence, whersin said probe oligonuciectide comprises a first labsl and has a melling
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temperature Tmt, ¢} amplifying the tagged targst nuclec acid sequence in a PCOR
amplification reaction using the probe ofigonuciectide as a primer, wherein said PCR
amplification reaction is characterized by an annealing temperature Ta; wherein the PCR
ampiification reaction is carried out in the presence of a regulatory oligonuciectide
comprising a sequence segment that is complementary 1o the regulatory sequence, wherein
said regulatory cligonuclectids comprises a second lgbel and has a melting temperature
Tmz2; and d) detecting the product of the PCR amplification reaction; wherein the first label
and the second label constitute a fluorescent reporter/guencher pair; and whersin Tm1 and
Tm2 are both higher than Ta. Withoul intending to be bound by a particular mechanism,
carrying out a reaction in which both the Tm of the probe dligonucleotide and the Tm
roguintory oligonuciootide are above Ta, reduces background signal (fluorescense) and
provides a superior assay resuil.

100541 In one aspedct, the invention provides a method for detecting a polynuciectide with a
target nuclectide sequence by tagging the poiynucleotide comprising a desired farget
nuciectide sequence with a nuclentide tag, providing a probe cligonuciectide with a melting
temperature Tm1, comprising & regulaiory sequence and a nuciectide tag recognition
sequence; incorporating the probe oligonuciectide infe the fagged polynuciectide in 3
polynuclectide amplification reaction, providing a regulatory oligonuciectide with a melting
temperature Tm2, comprising 2 sequence segment that is al least partially complementary fo
the reqguiatory sequence; wherein Tm1 and Tm2 are higher than the annealing temperature
associated with the polynuclectide amplification reaction.

Taggin

[0088]  in this method, & nuclectide tag sequence ("tag sequence” or "NTS"} is associated
with the target nuclectide sequence (TNS), in a process referred o as "tagging.” In one
ambodiment, without limitation, the iag sequence iz associated with the target nuclectide
sequence in an amplification reaction. For examnple, the TNS can be amplifisd using the
polymerase chain reaction (FCR) in which a first {e.g., “forward”) primer includes the
nucleotide tag sequence § to a targst spacific portion, resulting in an amplicon containing
both the tag sequence and the TNS (e.g., the tag ssquence §' and adjacent to the TNS). In
some embodiments, the amplification reaction uses a second (e.q., “reverse”) primer.

[0056]  In specific embodiments, the invention provides an ampiiﬁcation method for
introducing each tag nucleotide sequence intc one or more larget nucleic acid(s). The
mathod entails amplifving the one or more nucieic acid(s), typically in a plurality of sampies.
The samples can differ from ons another in any way, e.g. the different samples can be from
different tissuss, subjects, environmental sources, etc. The tag sequence can be introduced
as part of a tagging oligonucleotide. In an ampiiﬁcatim reaction, e.g. PCR, the tagging

oligonuclectide can function as a tagging primer, including a target nucleotide recognition
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sequence and a nucieolide tag. The recognition can be encoded by partial or complete
complementarity between the target nucleotide sequence and the target nuclectide
recognition sequence. Further, the nuclectide tags can be chosen in association with the
target nuclsotide recognition sequence(s) and can encode the targe! nuclectide sequence(s)
in the target nucleic acid(s). A reverse primer flanking the sequence of interest can be
provided.

{00577 The fag sequence can be incorporated immediately adjacent to the target specific
sequence or with limited number of linker nuclectides in between. The number of linker
nuctectides are preferably less than 25, more preferably less than 10, still more preferably
less than 5. in particular embaodiments, the probe ofigonucieotide can be rescued from the
reguiatory oligonuclectide by hybridization o the tagged nucleic acid target{s). The
hybridization can be dirscted to the nuclectide tag on the tagged target nuclsic acid(s) that is
recognized by a nuclectide tag recognition sequance orn the probe oligonucleotide.

100581 According o the prasent invention, the tag sequence and the TNS define a
cormposite sequence stretch (C88), which is more generally referred to as the "tagged target
nucleic acid sequence”, and sometimes referred o as “lagged polynuclectide target”
Amplicons comprising the tagged target nucleic acid sequence can be double or single

stranded.

7

00581  Tagging primers, containing a target nucleotide recognition seguence and a tag
sequence, are used o associate the nucizotide tag seguence into the “tagged target nucleic
acid sequence. Preferably, the tagging primer is in the range of 15-80 nucieotides in length.
More preferably, the tagging primer is in the rangs of 18-45 nuclectides in length. The
precise sequence and length of the tagoing primer depends in part on the nature of the
target nuclectide sequence to which # binds. The ssquence and length may be varied to
achieve appropriate annealing and melting properties for a particular embodiment.
Preferably, the tagging primer has a meiting temperature, Tm in the ranges of 50-85°C. More
preferably, the tagging primer has a melting temperature, Tm in the range of 60-75°C. In
particular examples, the sequence and the length of the targst nuclectide recognition
sequence may be varied to achieve appropriate annealing and melling properties with the
probe.

[008C] In smbodiments in which the amplicon product of the amplfication reaction s
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 refars to the tag sequencs and TNS, but it will he
appreciated that squivalent assays may be carried out using the complementary sequences.

One of skill guided by this disclosure will immediately recognize how to conduct the assays
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of the invention by detecting sither strand, with appropriate adjustments fo primer and probe
SEQUENCES,

{00811 1t will be appreciated that, depending on the nature of the siep in which the tag
sequence is associated with the targst nucleotide sequence, the tagged target nuclsic acid
sequence can include additional segquence elements, for example if a forward primer
includes sequences in addition 1o the tag sequance and the target specific portion andior a

reverse primer includes sequences in addition {o target spacific sequsnces.

Probe Oligonucisoiide

[00682]  The invention further relates {o a probe oligonuclestide {sometimes referred (o as
“Qiigonuclemide probe™} that associates with a portion of the tagged target nucleic acid
seqguence (CSS). That is, the probe oligonucieciide comprises a "nucleotide tag recognition
sequence” portion complementary to the nucleotide tag sequence poriion of the tagged
target nucleic acid sequence, such that the oligonuclectide probe can hvbridize to the tagged
target nucleic acid sequence and act as a primer in an amplification reaction. The nuclectide
iag recognition sequence can ba partially or completely identical to the nuclectide tag
seguence or its complement. The probe oligonuclectide generally also contains a regulatory
seguence, usually §' to the nucleotide tag sequence, as discussed balow.

{00631 In one embodiment the nucleolide tag recognition sequence of the probe
oligonuclectide hybridizes to the complement of the nucleotide tag seguence. That is, the
nuclectide tag sequence may be at the &' end of one strand of the tagged farget nucleic acid
sequence (or "tagged polynuclectide”™), and the probe cligonuclectide may hybridize to the
compiement of the nuclectide tag sequence, at the 3’ end of the second strand of the tagged
sotynucisotide.

[0084] Preferably, the probe oligonuciectide is in the range of 15-80 nucleotides in length.
More preferably, the probs oligonuciectide is in the range of 18-45 nuclectides in length. The
precise sequence and length of an probe cligonucisotide depends in part on the nature of
the nucleotide tag io which it binds. The overall sequence and length may be varied
achieve appropriate annsaling and melling properties for a particular embodiment. The
melting temperature of the probs sligonuciectide may be grealer than 95°C. The meliing
temperature of the probe cligonuclestide can fall within a range of, 50-85°C, 85-80°C, 80-
75°C, 85-70°C, 75°C, 80-120°C, 75-115°C or more or it can fall within a range having one of
these values as endpoints {e.g. 50-75°C). Preferably, the probe oligonucleotide has a
melting temperaturs, Tm in the range of %585°C. More preferably, the probe
oligonucleotide has a melting temperature, Tm in the range of 85-75°C, ever mors praferably
>78°C. In some embodiments the calculated Tm for the probe oligonucisotide may be

>100°C. In particular exampiles, the nuclectide tag recognition sequence and length may be
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varied to achieve appropriate annealing and melting proparties in the initial cycles of an

amplification reaction when the probe is first incorporated into the polynucleotide.

Amplification of the tagaed target nucleic acid seguence by the probe oligonucleotide

{0065] in some embodiments the laggsd farge!l nucleic acid sequence (or a portion
thereof) s amplified in a PCR amplification reaction using the probe oligonuciectide as a
primer.  Generally the ampiification reaction includes a & {reverse) primer. It will be
recognized that, when the probe oligonuciectide comprises a regulatory sequence, the
product of the amplification will inciude the requiatory sequence, the nucleotide tag
sequence, and the targel nuclectide sequence.

[0068] The probe oligonuclectide can be further incorporated into longer nucleic acid
constructs in a fagged farget nucleic acid dependent method. For example, the probe
oligonucisntide can be ligated to another nucleic acid facilitated by proximity via hybridization
to the tagged target nucleic acid{s). More often, the probe oligonucieotide can serve as &
primer in an amplification reaction where it is incorporated to the tagged targe! nucleic
acid{s).

(00677 The POR amplification reaction is characterized by an annealing temperature Ta

{see below). According to the present invention, the melting temperature of the probe

chigonucisotide {Tm1) is greater than the Ta of the amplification reaction. In some
embodiments Tm1 is at least 1°C, at least 2°C, at least 3°C, at least 4°C, at least 5°C, at

~o

least 6°C, at isast 7°C, at least 8°C, at least 8°

G

C, at least 10°C, at least 11°C, at least 12°C,

70

at least 13°C, at least 14°C, atleast 15°C, at ieast 18°C, at least 17°C, at least 18°C, at lzast
19°C, at least 20°C, at least 21°C, st least 22°C, at least 23°C, at least 24, at least 25°C, at
ieast 35°C or at least 50°C higher than the annealing temperature. In some embadiments,
Tm1 is at least 50°C higher than the annealing temperature {Ta). in some embodiments Tm
is at least 25°C higher than Tm2.

[0088] The PCR ampilification reaction is carried out in the presence of a regulatory
oligonucieotide, as discussed below.

Reagulatory Qligonucleociide

[0089] The invention relates to a reguiatory oligonucleotide, which comprises a sequence
segment complementary to the regulatory sequence of the probe oligonucleotids. Annealing
of the sequence segment of the regudatory oligonuciestide to the requlalory sequence of the
probe oligonuciectide competes with the association of the probe oligenuclectide and the
fagged targat nucleic acid sequence {or “CSE"} during the amplification reaction.

[0070] Preferably, the regulatory oligonuclsotide is in the range of 8-80 nuclectides in
length. More preferably, the requiatory oligonuciectide is in the range of 15-45 nucleotides in

length. Even more preferably, the reguiatory ofigonuciestide is in the range of 18-30
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nucleotides in length. In some embodimenis the regulatory oligonuclectide may comprise
nuclectides that flank the sequence segment {e.g., 1, 2, 3, 4, 5, 6, 7, 8, 8, 10 or more than
10 nuclectides). See Example 2. In some embodiments, sequence segment comprises all
or most {e.q., at least 80% or at least 30%} of the length of the regulatory oligonucleotide. In
some embodiments, sequence ssgment is in the range of 8-80 nuclsctides in length, more
preferably, in the range of 15-45 nuclechides in length, and even more preferably in the
range of 18-30 nuciectides in length. The precise sequence and length of the regulatory
aligonuciectide depends in part on the nature of the probe cligonucieotide 1o which # hinds
The sequence and length may be varied to achieve appropriate annealing and melling
properties for a particular embaodiment

(0071} The melling temperature of the regulatory oligonuciectide {Tm2) can falt within a
range of, 48-85°C, B0-80°C, 55-75°C, 60-70°C, 65-75°C or it can fall within a range having
one of these values as endpoints (e.g. 50-75°C). Preferably, the reguiaiory oligonucieotide
has a melting temperature, Tm in the range of 50-85°C. More preferably, the regulatory
oligonuclestide has a melting temperature, Tm in the range of 60-75°C. In particular
examples, the seguence and the length of the segment recognizing the regulatory sequence
may be varied to achieve appropriate annealing and malting properties with the probe. In
some embodiments, a compstitive auxiliary sequence may be added to increass the
specificity of the probe oligonucieoiide for the tagged target nucisic acid.

[0072] According to the present invention, the melting temperature of the regulalory
oligonuciestide {Tm2} is greater than the Ta of the amplification resaction. In some
embodiments Tm2 is af lsast 1°C, at least 2°C, at least 3°C, at least 4°C, at lsast 5°C, at
least 8°C, at least 7°C, at lsast 8°C, at least 8°C, at lsast 10°C, at least 11°C, at least 12°C,
at least 13°C, at least 14°C, al least 15°C, at least 18°C, at least 17°C, al least 18°C, al least
19°C, at lsast 20°C, at least 21°C, at least 22°C, &l least 23°C, at least 24 or at least 25°C
higher than the annealing temperature.

(00731 Preferably, the 3' terminal nucieotide of the reguiatory oligonucisotide is blocked or
rendered incapabie of extension by a nucleic acid poiymerase. Such blocking is conveniently
carried out by the attachment of a reporter or quencher molecule to the terminal 3' carbon of
the probe oligonuclestide by a linking moiety.

{0074] Typically, the probe oligonuciactide will have a sequence that is complementary to
the targeted tagged polynuciectide!s), which is far longer than the regulatory sequence, said
regulatory ohgonucleotide being complementary to said regulatory sequence. As such, the
reguiatory oligonuciectide compeies against the targeted tagged polynuclectide(s} fo
hybridize with the probe dligonuc ieoh e, but will typically be at a disadvantage from the
compiementarity aspect However, the regulatory oligonuclectide will have a higher success

competing against the untargeted nucleic acids, to which the probe oligonuciectide may bind
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nonspecifically, from the complementarity aspect and may therefore reduce nonspecific
incorporation of the probe in the reaction. In addition, the regulatory oligonuclectide can be
suppliad at higher concentrations, further increasing its competition against the untargeted
nucleic acid(s).

00751  In various ambodiments, the concentration of the regulatory oligonucleotide can be
in excess of the probe oligonuciectide. In some embodiments, the concentration of the
regulatory oligonucleotide can be adjusted according to the total nucleic acid(s) in the
reaction. The reguiatory oligonuciectide can be supplied in excess of at least 10%, 53%,
100%, 500%, 1000% or more over the oligonucletide probe or the tolal nucieic acid{s) in the

reaction.

Auxiliary Sequence

[00768] The reguiatory oligonuclectide can have an awdliary sequence that acis as a
competitive sequence against the targe! nucleic acid/probe oligonucleotide hybridization.
When the probe oligonucieotide and the reguiaiory oligonucieotids are aligned along the
regulatory sequence, the auxiliary sequence segment can at lsast partially overlap with the
prebe oligonuciectide, more typically with the nuclectide tag recognition sequence. That is,
the regulatory oligonuclentide can comprise a sequence complemeniary to both the
regulatory sequence and at least a portion of the nucleotide tag recognition sequence of the
probe  oligonuciectide. Put  differently, the sequence segment of the regluatory
oligonuclentide can be complementary o the regulatory sequence and al least a portion of
the nuclectide tag recognition sequence of the probe oligonuclectide. The degree of
complementarity between the auxiliary sequence and the probe cligonucisciide can be
adjusted io regulate spscificity. In embadiments, wherein the probe oligonuciectide is
incorporated into the tagged pobynuclectide in an amplification reaction, the awdliary
sequsnce 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
oligonuclectide and the probe oligonuclectide along the regulatory sequence can enhance
the hybridization of the auxiliary sequence to the probe cligonucientide, since the auxiliary
sequence would be presented at increased local concentrations compared 0 free nuciaic

acid(s). in addition, the concentration of the regulaiory oligonuciectide, and thus the auxdliary

n

equence, can be adjusted fo aliow it to compete effectively against untagged nucleic

cid({s). In specific embodiments, the regulatory oligonuclectide can be provided at 1.5 to 4-

ﬁ‘.}

fold excess, 1 to 10-fold exceass, 4 to 10-fold excess, 1.5 © 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 auxiliary ssguence can regulate specificity at evan low

to zero complementarity for the probe oligonuciectide. At low to no complementarity between
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the auxilary seguence and the probe oligonuciectide, the probe oligonucisctide hybridization
io the tagged nucleic acid(s) would successfully outcompets the auxiliary sequence on the
reguiatory oligonuciectide.

[G077Y Further, a quencher sequencs can be incorporated into the reguiniory
oligonuciantide sequence fo increase guenching. In preferred embodiments one or more

osine nuciectides will be incorporated 1 the quencher sequence around ihe

hybrigization sits of the reporter molecuie on the probe oligonuclectide. In some

embodims: g deoxyguancsing tail can be added to the qusncher s

requiaiory sequence hybridization.

Correspondencs of sianal and the presence of the larget sequencs

[G078]  Associalion with the regulatory oligonucieotide affects the signal associated with

the probe oligonuciestide. Accordingly, the interaction of the probe oligonuch

dide from hybridizing io the regulatory ohgon

CSS prevents the probe cligonuch
As a resull, a changs in probe oligonuclestida-associated signal aids in the detection of &
target nucleotide sequence.

=nce s designed o be dependsnt on ths

[GG78]  The incorporator

i, the present invention links the presen

presance of the speafic TNS. As a
specific nuclectide sequencs {i.e., a specific fargat nucleic acld sequence) in a sample (o &

Iy’

wge in signal. The signal can be acquired before and after the sample is interrogated with

chan

the detection method of the praesent invention. Accordingly, a change in signal s inferpreted

to ke associaled wi ence of & specific TNG. Further, the present invenlion also

atas o monitoning the amplification of g target polynuclectide sequence. Accordingly, the

presant invention relates to a method for monitoring nucleic acid amplification of a targst

»
¥

=3

sequence by foliowing the change in signal ove e.

in various embodiments of the invention, the changed signal associated with the

incorporation of the probe oligonuciactide to a {agosd nucleotide relates 1o the release of the

=

prooe oiigonucie&tide from a regulatory oligonucisotide,

tide to unincorporated probe oligonuciectide forms a reporier/y

The

under conditions sw

inel is quenc

incorporation of the probe oligonucientide o a fagged target nucieic acid disrupts ths

iormation of such a icher pair resulting m a changs in signal. I various

embodiments, the pz‘abe ongonucieoﬂde is labeled with the reporter molscule and the

s

5 labeled with a quencher molecule. Exemplary reporter/quencher

s $hm i
= dyes and the

[0081]  In soms embadiments, a plurality of probe oligonucisctides will be specific

[#

diracted to different tag sequences. The signal associaied with sach tag sequence |

N
(S o]
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differentiated by linking sach probe cligonuclectide recognizing a particular nucleotide tag fo
a specific reporter or quencher.

{00827 In the present assay approach, when a complementary targset sequence is present,
hiybridization of the probe io the complementary target sequance disrupts the hybridization of
the regulatory oligonucleotide to the probe, wherein the quencher molecule is no longer
ciose enough o the reporter molecule fo quench the reporter molecule. As a resull, the
probes provide an increased fluorescent signal when hybridized to a target sequence than

when unhybridized.

Annealing femperature

[06831 During the annealing phase of a polynucleotide ampilification roaction, the primers
anneal to polynuclectides fo prime an elongation reaction at the slongation temperature. The
“annealing temperatura” of an amplification reaction is usually determined experimentally to
obtain highest vields with desired specificities. Generally, higher annealing temperatures
incregse specificity for the targeted polynuciectide. The fraction of annealed primers at a
target site in a reaction directly affects overall vield and depends on many factors, including
competing sites in the target and other polynucieotides in the reaction, the annealing time,
the melting temperature associated with the compiementary region of the primer with the
target site and the annealing temperature. Higher annealing temperatures affect primer
binding energies to non-specific cornpeting sites in the reaction and thus may shift this
population of primer to specific target sites. Higher annealing temperatures also increase the
fraction of single stranded target polynuciectides in the reaction that are available for primer
binding. Howsver, higher annealing temperatures have a disabling effect on specific primer
binding to target sites by affecting the binding free energy for this interaction. Desired

annesing temperatures assist the reaction yield by increasing the fraction of annealed

primers to the targeted site.

[0084] A “vielding annealing temperature” fails in a temperaturg range that resulls in the
amplification of desired targets at a rate higher than the amplification of uniargsted
polynuciectide saquences in the reaction. A yielding annealing femperature for each
ampiification reaction can be independently chosen. Yielding annealing termperatures can be
chosen from a range of temperatures, for sxample the annealing temperature can within a
range of 15°C-80°C, 20°C-75°C, 40°C-75°C, 50°C-72°C, 80°C-684°C, 55°C-62°, 63°C, 64°C,
865°C or can fall within any range having one of these temperatures as endpoints {a.g. 50°C-
82°C). in some embediments, the amplification reaction is PCR.

[00858] The hybridization specificity of an oligonuciectide 1o a target site is increased by

decreasing oligonuclectide binding 1o non-specific sites. Non-specific target sites are usuaily
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sifes with lower cormnplemeniarity, but for the purpose of the reaction, they are generally sites

where oligonuciectide binding is not desired.

[C088] There are several fechniques addressing the increased specificity requirements &

a given annesling femperature. These technigues allow ths uss of lower annealing

aratures and smploy compstitive inhibitors for the binding of a pnmer and a iargst

temp

:

nucleic acid. Puskas & &, Genome Research 5309-311 (1995) and Hamy et al,

RBioTechniques, 24:445-450 {1888}, which are hershy incorporated by reference, provids

primars thal are complementary to 2 target nucleoctide sequence and JIEQCznucleotides that

are partially complermentary to said fargst nucle 3 ]

revert elongation. These oligonucleolides increase s cttv By cecupving non-specific
{ ¥y E) {

sites that the primers would have annealed o and divert the primsr population towards the

arget nuclectide sequence nstead. Due heir partial com entarity to the targ

nuclentide sequence, the primers are abls {o st the partially

complementary oligonuciectides for the flargsl nuciectide sequences. Kong st al,

P YaTa W R

Biotechn Letters, 28:277-280 {2004, which is hereby incorporaied by raference,

's as competitive inhibitors, oligonuclectides that are parlially complementary to the

primers. These oligonuciectidas compete successfuily against non-specific sites for the

primers and in specificity by making the primers less avaiiable for said sites. Due o

reduced complementa the target nucdleotide sequences can outcompets said

igonuclestides for primer binding.

olig
i~

v

varicus oligonuciectides can be sesiecled to achieve a desired degree of

the chosen

maééﬂg temperatures. The targel nuclectide recognition

ice on the tagging primer{s) can specifically anneal (0 a target nucisohde ssgquence

under suitable conditions and at the chosen annealing temperature The conditions can be
ssiected such that the primer annealing will be sensitive (o variations in the target nucleolide

saquence. Generally, nuclectide mismatches towards the 3' end of a primer greatly afiect

giongation from a primer. To differentiats between sequsnce varianis, the primer can be

designed such that the 3" end of it would be directed to the polymaorphic site. Allernatively,
sequences with higher melting lemperaiures
armedaling 1o a broader variely of target nucleotide

N R YA RN o e F i iy . u
00881 With high speoficily seq

wes, the pr

polymaorphisms in the target nucisio acid(s). The polymorphisms can encompass ¢

multiple nuclectide changes at one or more polymorphic siteds). The changes at the

polymaorphic site{s) can mnvolve deletions, inserticns and substitutions of single all muiltiple

nuclectides. Elongation from the primer is particularly sensitive to the hybridization stability

at the 3 end of the pnmer. Primers designsd 1o align with a polymorphic site at thair 3 end

ars t

rantiate betw
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Tagging and Detection Reactions

[0089] The target nuclectide tagging and detection can be conducied in separate
reactions. Alternatively, these two steps can he performed in a common reaction volume. A
double amplification method can be used to incorporate a tagging primer comprising & target
nuclectide recognition ssquence and a nuclectide tag and an oligonuciectide primer/probe
comprising a nuclectide tag recognition sequence, a regulatory sequence and a signal

moiety.

Repoerier and Guancher Pairs

[0090] In various embodiments, the invention provides ong or more pairs of a probe
oligonucleotide and a regulatory oligonucliectide that specifically annsal to each other,
wherein one of them is labeled with & reporter molecule and the other with a quencher
molecule of a reporter-quencher pair. When the probe oligonucleolide and the regulatory
oligonuclectide are aligned along the reguiatory sequence, the reporter molecule and
gquencher meleculs are positioned on the oligonuciactides sufficiently close to each other
such that whenevar the reporter molecule is excited, the energy of the exciled slate
nonradiatively transfers {o the guencher molecule where it either dissipates nonradiatively or
is emitted at a different emission frequency than that of the reporier molecule. Typicany, the
probe cligonuclectide will comprise the reporier molecule and the regulatory oligonuciectide
will comprise the quencher molecule, howsver this positioning can be reversed and th
modifications will be apparent to preciitioners skilled in this art.

{00811  In some smbodimants the assay of the invention uses an probe oligonuclectide
containing a reporter molecule and a regulatory oligonucieotide containing 2 quencher
moleculs, said reporter and quencher molecuies being members of a reporter-quencher pair.
The regulalory cligonuclsctide comprises a sequence that hybridizes to a regulatory
sequence in the probe oligonucleotide. The probe oligonuclectide specifically anneals to a
region of a target tagged polynuclectide with & target nuclectide sequence, such that the
nuclectide tag recognition sequence hybridizes to a nuclectide tag in the tagged
polynuciectide. The nucleotids tag is typically incorporated to the target polynucieotide using
a tagging primer comprising a nuclectide tag sequence and a target nuclectide recognition
sequence, where the target nucieotide recognition seguence hybridizes o the target
nuclectide sequence. An amplification reaction, typically FCR, iz carried out to incorporate
the tagging primer into the target polynuclectide {ie., producing amplicons containing both
the nuclectids tag sequence and the target nucleotide sequence).

[0092]  When the regulatory oligonucieotide hybridizes (o the probe oligonucleotide along

the regulatory sequence, the reporier molecule and gquencher molecule are positioned
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sufficiently close to esach other such that whenever the reporter moleculs is exciled, the
energy of the excited state nonradiatively transfers o the quencher molscule where it sither
dissipates nonradiatively or is emitied al a different emission frequency than that of the
reporter molecuia. During strand extension by a DNA polymerase, the probe oligonucisotide
anneals o the template and acls as a primer. As a result of the probe is incorporated into an
amplicon and the reporter molecule is effectively separated from the quencher molecule
such that the quencher molecule is no longer closs enouah to the reporter molecule to
guench the reporter molecule's fluorescence. Thus, as more and more probe
cligonucieotides are incorporated into double-stranded polynuclestides during amplification,
farger numbers of reporter molecules are releazed from close provimily interactions with
quencher molecules, thus resulling in an increasing number of unquenched reporier
madecules which produce a stronger and stronger fluorsscent signal. The detsction is
typically carried out under conditions wherein higher than a desired fraction of
unincorporated probe oligonucieotide is hybridized to the regulatory oligonucieciide. Buring
ny stage of the detection, the amount of the unincorporated probe oligonuclestide that is
hybridized te the regdiatury aligonuciectide is preferably greater than 50%, 80%, 80%, 85%,
89%, 98.5%, 99.8%, 98.85% or more of the iotal unincorporated probe cligonucleotide. The
detection conditions are also selected such that the amount of unincorporated probe
cligonucieotide that is not associated o the regulatory dligonucleotide is low compared o
the incarporated probe cligonucientide. During any stage of the dstection, the amount of
unincorporated oligonuclectide thal is not associated io the reguiamry oligonuclestide is
preferably less than 50%, 20%, 10%, 5%, 1%, 0.5%, 0.1%, 0.05% or less of the incorporated
probe oligonucisctide.
(00931  in various embodiments, the invention provides a detection method for one or more
target nucleic acid{s), typically one or more fargel polynucleotide(s}, using one or more
probe ofigonuciectide(s). The probe oligonuclectide’s signal can be modulated by rescuing
the probe from a reguiatory oligonuciectide recognizing a regulatory sequence on the probe.
The recognition can be encoded in & seguence segmeant in the regulatory cligonuciectide
with partial or complete complemantarity o the regulatory seguence on the probe
cligonuclectide.
[0094] Various factors influence the utility of reporter-guencher moleculs pairs in
hybridization and ampilification assays. The first factor is the effectivenass of the quencher
molecule to quench the reporter molecule. This first factor, herein designated "RQ 7Y, can be
characterized by the ratio of the fiucrescent amissions of the reporter molecuis to the
quencher molecule when the probe is not hybridized o a perfectly complementary
polynuciectide. That is, RQ "is the ratio of the fluorescent emissions of the reporter molecule

to the energy that is transferred to the quencher moleculs when the probe oligonuciectide is
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hybridized to the reguiatory oligonuciectide. influences on the value of RQ include, for
example, the particular reporter and quencher molecules used, the spacing between the
reporter and quencher moleculas in the hybridized complex, nuclectide sequence-specific
effects, and the degres of flexibility of structures, and the presence of impurities. A related
quantity RQ 7, refers to the ratio of fluorescent emissions of the reporter molecule o the
energy that is transferred to quencher molecule when the probe oligonuclentide is hybridized
to a complementary polynucieotide.

[0005] A second factor is the efficiency of the probe to hybridize b a complementary
polynucleotids. This second factor depends on the probe's melling temperature, Ty, the
prasence of a secondary structure in the probe or targe! polynuclectide, the temperature of
the reaction, and other reaction conditions.

[0008] A third factor is the efficiency of the regulatory ofigonucieotide to hybridize to the
probe oligonucisolide.

(00971 This third factor depends on the regulatory oligonuciectide’s melting tempsrature,
Tm, the degree of complementarity between the reguiatory oligonuclectide and the probe

cligonuciectide, the presence of a secondary structure in the probe or reguiaiory

oligonuciestide, the temperature of the reaction, and other reaction conditions.

{60981 A fourth factor s the oligonuciectide sequence in the vicinity of the reporter
molecuie. Depending on the sequence, the fluorescence intensity of the probe is either
increased or decreased by hvbridization. A strong degree of quenching is observed by
hvbridization to seguences containing deomyguanosine nucleotidas (Gs), giving a sequence
specific decrease in flurescence. For additional discussion of this effect, see Crocket et al.,
Analytical Biochemistry, 250:88-97 (2001) and Behlk , Fluorescence Quenching by
Proximal G-bases (available on the world wide web at hitp:  doubie backslash
cdn. idtdna com/Support/ Technical/ TechnicalBulletinPDF /Flucrascence_guenching_by_proxi
mal_G_bases pdf).

[0099] Preferably, reporier molecules are {luoresceni organic dyes derivatized for
aftachment to the terminal 3' carbon or terminal ' carbon of the probe cligonucisotide and
the regulatory oligonucientide via a linking moiety. Preferably, quencher molscules are alsoc
organic dyes, which may or may not be fluorescent, depending on the embodiment of the
invention. For example, in a preferred embodiment of the invention, the quencher moleculs
is fluorescent. Generally whether the guencher molecule is flucrescent or simply releases
the transferred ensrgy from the reporer by non-radiative decay, the absorption band of the

guencher shouid substantially overiap the fluorescent emission band of the reporter

7

malscuie. Non-fluorescent guencher molecules (NFQOMs), such as Biack Hole quenchers,
that absorb energy from excited reporter molecules, but which do not release the energy

radiatively, are known in the art and may be used.
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{0100} There is a great deal of practical guidance available in the literature for sslecting
appropriate reporter-quencher pairs for particular probes, as sxemplified by the following
references: Clegg (cited above);, Wu et al (cited above); Pesce et al, edilors, Fluorescencs
Spectroscopy (Marcel Dekker, New York, 1971);, White &t al, Fluorescance Analysis. A
Practical Approach {Marcel Dekker, New York, 1970); and the like. The llerature aiso
includes references providing exhaustive lists of fluorescent molecules and NFQMs, and
their relevant optical propertiss for choosing reporter-quencher pairs, e.g., Berlman,
Handbook of Fluorescence Spectra of Aromatic Molecules, 2nd Edition (Academic Prass,
New York, 1871); Griffiths, Colour and Constitution of Organic Molscules (Academic Press,
New York, 1978), Bishop, editor, indicators (Pergamon Press, Oxford, 1972); Haugland,
Handbook of Fiuorescent Probes and Research Chemicals (Molecular Probes, Eugene,
1992) Pringsheim, Fluorescence and Fhosphorescence (Interscience Publishers, New York,
1949); and the like. Further, there is extensive guidance in the literature for derivatizing
reportar and quencher molecuies for covalent attachment via common reactive groups that
can be added to an oligonuciectide, as exempiified by the following references: Haugland
(cited above), Ullman et al, U.3. Pat. No. 3,996,345; Khanna et al,, U.S. Pat. No. 4,351,760,
and the like.
[0101] Exemplary reporier-quencher pairs may be selected from xanthene dyes, including
fluoresceins, and rhodamine dyes. Many suitable forms of these compounds are widsly
available commercially with substituenis on their phenyt moleties which can be used as the
site for bonding or as the bonding functionality for atiachment {0 an oligonuciectide. Ancther
group of fluorescent compounds are the naphihylamines, having an amino group in the
alpha or bsta position. Included among such naphthylamine compounds are 1-
dimethviaminonaphthwl-5-suifonate, 1-anilino-8-naphthalens sulfonate and 2—p~t0uidényt—6—
naphthalens sulfonate. Other dyes include J-phenyh-7-isocyanatocoumarin, acndmes such
as S-sothiocyanatoacridine and acridine orange; N-(p-(Z-benzoxazolyliphenylimaleimide;
benzoxadiazoles, stilbenes, pyrenes, and the like.
[0102] Preferably, reporter and quencher molecules are selected from fluorescein and
rhodamine dves. These dyes and appropriate linking methodologiss for attachment to
oligonuclectides are described in many refersnces, e.g., Khanna et al {(cited above),
Marshall, Histochemical J., 7:288-303 (1975), Menchen et al, U.S. Pal No 5188834,
Menchen et al, European Patent Application 87310258.0; and Bergot ef al., Internabonal
Application PCT/USS0/05565. The latter four documents are hereby incorporated by
reference.
(01031 In particular embodiments, fluorophores that can be used as detectable labels for
probes include, but are not limited to, rhodamine, cyaning 3 {Cy 3), cyanine 5 (Cy 5},
fluorescein, Vic™, Liz™ . Tamra™, 5-Fam™ 6 -Fam™, 8-HEX, CAL Fluor Green 520, CAL
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e

Fiuor Gold 840, CAL Fluor Qrange 580, CAL Fluor Raed 580, CAL Fluer Red 810, CAL Fluor

Fed 815, CAL Fiuor Red 835, and Texas Red {(Molecular Probes). (Vic™ Liz™, Tamra™, §

ﬁ

-Fam™, §-Fam™ are all avaiable from Applied Biosystems, Foster City, Calif. 8-HEX and
CAL Fluor dyes are availlable from Biosearch Technolo g;eg}.

[0104] in parlicular embodiments, molecules useful as qguenchers includs, but are not
mited o tetramethyirhodaming (TAMRA), DABCYL (DABSYL, DABMI or methyl red)

anthroquinone, nilrothiazole, altroimidazole, malachite green, Black Hole Quenchers®, eg.,
BHGO1 {Biosearch Technologies), lowa Black® or ZEN quenchers (from infegrated DNA
Technologies, Inc.), TIDE Quencher 2 (TQ2) and TIDE Quencher 3 {TQ3) {rom AAT

Bioguest).
{G1051  There are many linking moieties and methodologies for atfaching reporier or

guencher moleculas to the 5 or 3' termini of oligonucisotides, as axen’;;::iifs’ed by the following

references: Eckstein, editlor, Oligonucieotides and Analog A Pra

Prass, Oxford, 1991); Zuckerman ¢t al., Nucleic Ac arch, 18

onuciectide), Sharma et al., Nucleic Acds Ressarch, 18 301

siusti et al., PCR Methods and Applications, 20 223-2

WS Pat No. 4,787 141 {8 phosphoamino group via Aminobnk™ {1 available from Applied
Biosystems, Foster City, Calif ) Stabinsky, U.S. Pat. No. 4738044 {3’ aminoalkyiphosphoryl

group), Agrawal et al, Tetrahedron Letters, 31 15431548 (1060) (attachment via

chosphoramidate linkages), Sproal et al., Nucleic Axds Research, 15 4837 (1887} (%

b b

; Nelson et al., Nucleic Acids Research, 17 7187-7194 (1888} (& amino

can oe

are empioyed t

attached {o an ol e.g., availlable from integrated DNA

5

Technologies {Cor eron {Huntsville, Alabama).

{01071 Rhodamine and flucrescein dves are also conveniently atiached 1o the § hydroxyl

H 5 7

of an oligonuciectide at the conclusion of solid phase synthesis by way of dyes derivalized

-
e

5,23%,181; and Hobbs, Jr.

193]

with a phosphoramidite moiety, e.q., Woo st al., US. Pat. No 5
U.8. Pat No. 4,887 228,

By dicious choice of labels, analyses can be conducted in w

zh the different

abels are excited and/or dets st gifferent wav s in a single raaction. Seg, e ¢
escence Speciroscopy {(Fesce &t al, Bds. ) Marcel Dekker, New York, (1871}, White et

al., Flucrescence Analysis: A Practical Approach, Marcel Dekker, New York, {1370}

Berlman, Handbook of Fluorescance Specira of Aromatic Molecules, 2nd ed., Academic

Prass, New York, (1871}, Griffiths, Colour and Constitution of Organic Molecules, Academic
Prass, NMew York, {1976); indicaiors {Bishop, Ed). Pergamon Press, Oxford, 19723; and

is, Moilecuiar Probes,

Haugland, Handbook of Fluorescent Probes and Research Chemica

N
'
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Eugens {1892). The reporier and guencher moleculss can be positioned on the probe

ofigonuclectide and the regulatory oligonuciectide strategically for a desired distance
between these iabels. Typically, the distance between the reporier and qusncher molscules
will be minimized to increase the effectiveness of the quencher molectile. The location of the
reporter and guencher molecules can be chosan sirategicaily such that upon hybridization of
the probe oligonucieotide to the regulatory cligonuclectide, the reporter and quencher
molecules are less than 20 nm, 10 nm, 7.5 nm, 8 nm, S, 4 nmy, 3 omy, 1 nm, 0.8 nm, 0.8
nm, 0.4 ney or less apart. Preferably, the reporter and quencher molecules can be positionad
at complementary nucleotides in the conlext of an probe oligonuciectide/regulatory
otigonucizotide hybridization along the regulatory sequence. More preferably, the reporter
and the quencher molecules can be positioned at the § end of the cligonucusiotide probs

and ths 3’ end of the regulatory olignuciectide.

Amplification Methods

in General

[0108]  Inillustrative embodiments, the same set of targe! nucieic acids can be amplified in
each of two or more different samples. The samples can differ from one anocther in any way,
2.q., the samples can be from different tissues, subjects, environmental sources, elfc.

[0110] The probe oligonucleotide can be provided in the ampiification mixture in varying
abundance compared to that of the tagging primer and/or reverse primer{s). More
specifically, probe oligonuciectide can be present in excess of the tagging primer. The
reverse primer in the ampiification mixture, can be present, in illustralive embodiments, at a
concentration in excass of the tagging primer. For example, the concentration of the probe
oligonuclectide in the amplification mixtures can be at least 1.5-fold, at least 4-fold, at least
5-fold, at least 10-foid, at least 15-fold, at least 20-fold, at least 25-fold, at least 30-fold, at
least 35-fold, at least 40-fold, at least 45-fold, at least 50-foid, at least 100-fold, at least 500-
foid, at least 10° -fold, at least 5x10° -foid, at least 10% -fold, at least 5x10% -fold, at least 10°-
foid, at least 5x10° -fold, at least 10° -fold, or higher, raiative to the concentration of the
tagging and/or reverse primer(s). In illustrative embodiments, the tagging primer can be
present in picomolar to nanomaoiar concentrations, e.g., about 560 nM to 5 uM, about 100
ni o & uM, about 50 niv to 5 uM, about 10 nM to 5 uM, about 5 nM to & 1M, about 1 nM to
10 uM, about 58 1M to about 500 M, about 100 M or any other range having any of these
values as endpoints {g.g., 10 nM to 50 uM). Suitable, Hlustrative concentrations of prob

oligonuclectide that could be used on combingtion with any of these concentrations of

=
i
O

forward primer inciude about 10 nM o about 10 uM, about 25 nM to about 7.5 M, about

Q

nM to about 5 UM, gbout 75 nM o about 2.5 uM, about 100 nM to about 1 uM, about 250 nM
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to about 750 nM, about 500 nM or any other range having any of thc:< z values s endpoinis
{e.q., 10 nM to 50 uM).
[0111]  Each amplification mixture can be sublecied o amplificalion 1o produce farget

amplicons compriang tagged targst nucleotide sequences comprising the nucleotids tag. in

Nial annealing o

certain embodimants, the nucleolide i8g is selected so as to avaid substan

the farget nucleic gcids. In such embodiments, the tagged target nucl

include molecules having the foliowing elements: S'-{nuclectide {ag from the

{target nucieotide sequenca}-3'.
01127 In illusirat

polymorphic vartant. Thus, for example, & set of T target nucleic acids, each confaining 8

ve embediments, the nuclectide lag sequence identifies a particular

olymorphic varants, can be amplified, whare 8 and T are integers, typicaféy greater than

O

one. in such embodiments, amplification can be performed separately for each target nuclsi

acid, whersin a different {agging primer is used for each polymaorphic variant. A different
prope oligonucleotids with a corrssponding nuciectide tag can be usad for 2ach polymaorphic

variant. This embodiment has the advaniage of reducing the number of different probe

oligonucleotides thal would need fo be synihesized to identify polymorphic varance in
amplicons produced for a plurality of targst sequences. Alternatively, different sets of tagging

has a set of

and reverse primers can be employed for sach target, whersin sach =

nucleotide tags for each polymorphic variant th srent from the primers in the other

sat, and different probe oligonucieotides are used for each samgle, wherein the probe

[

oligonucieotides have the comesponding sets of nucleotide tag sequences and differant

reporter molecules. in either case, the ampiification pe tof T amplicons friom each

sarnple that bear reporiers.  Regula ogligonuclectides  specifically
H - 4

racognizing the different regulatory sequences in sach probs oligonucliectide ars provided
with & corresponding quencher molecule.

(0113}  In embodiments, wherein the same set of tagging and reverse primar

combpined

each sample the tagging and reverse primers for each largel can be m

2, and each probe oligonucieclide/requlatory oligonucleotids set

[&3

ith s corresponding sample. Aligucis of the milally combine

w

tagging and reverse grimers can then be added to aligucts of the initially combined sampi

and probe oligonuciactide/reguistory oligonuclectide sets. These ampiffication mixtures can

fions suitable for amplification. For

be formed in any article that can be subjected ¢

example, the ampiification mixtures can be or distributed into, separste

microfiuidic devices

compariments of a microfluidic device prior o amplification. Suitabls

ments, matnx-type microfiuidic devices, such as those

described b
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{0114]  Any ampiification methed can be employed to produce amplicons from the
amplification mixtures. In illustrative embodiments, PCR is employed.

[0118]  PCR thermal cycling protocois are well known in the arl. Typically, PCR consists of
a serjes of 20-40 cycles.  For example, and not limitation the cycle may include a

denaturation_siep, an annsaling step (allowing annealing of the primers to the single-

stranded DNA template) and an extension/slongation step.

[0118] The amplification is generally carried out for at least three cycles to introduce the
nuclectide tag. In varicus embodiments, amplification is carried cut for §, 10, 15, 20, 25, 30,
35, 40, 45, or 50 cycles, or for any number of cycles faliing within 2 range having any of
these values as endpoints {e.g. 5-10 cycles). In particular embodiments, amplification is
carried out for a sufficient number of cycles to normalize targetl amplicon copy number
across targets and across samples (e.g., 15, 20, 25, 30, 35, 40, 45, or 80 cycles, or for any
number of cycles falling within a range having any of these values as endpoints).

{01171 An exemplary profocol, for Hlustration and not imitation, incudes 3 hotstart step
[95° C. for 5 min}, a 35 cycle touchdown PCR strategy {1 cycie of 95°C for 15 sec, 684°C for
45 sec, and 72°C for 15 sec; 1 cycle of 95°C for 15 sec, 63 °C for 45 sec, and 72 °C for 15
zec; 1 cycie of 95 °C for 15 sec, 62°C for 45 sec, and 72°C for 15 sec; 1 cycle of 98 °C for
15 seg, 81 °C for 45 sec, and 72 °C for 15 sec; and 34 cycles of 35° C. for 15 sec, 82° C. for
5 sec, and 72° C. for 15 sec}, and a cooling step [1 cycle of 25 °C for 10 sec].

[0118] Particular embodiments of the above-dsscribed method provide substantially
uniform amplification, yielding one or more target amplicons wherain the majority of
amplicons are present at a level relatively close to the average copy number calculated for
the one or more fargel amplicons. Thus, in various embodiments, at least 50, at least 55, at
izast 60, at ieast 85, at least 70, at lsast 75, al lsast 80, at lzast 85, at least 90, at least 91,
at ieast 92, at least 93, at least 94, at {east 95, at least 98, at least 87, at least 88, or at least
98 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 coples of
target amplicons.

[0118] The invention also provides, in certain embodiments, a methoad for amplifying 2
plurality of target nuclectides in which the incorporation of the probg oligonuclectide s,
optionally, omitted and the target nuclectide sequences are tagged during the amplification.
More specifically, the invention provides a method for amplifying a piurality of target nucleic
acids, typically, in a plurality of samples, that entails preparing an amplification mixture for
each targst nucleic acid. Each ampiification mixiure includes a tagging primer including a
target-specific sequence and a reverse primer including a largst-specific sequence. The
amplification mixtures are subiected to amplification o produce amplicons of one or more

target nucleotides. The target nuciectide sequences are then provided one or more sels of
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probe  ofigonuclectide/requiatory  cligonuclectide, wherein the probe  oligonucleotides
recognize the nuclectide tag associated with each polymorphic variant In various
embodiments, a second amplification reaction can be performed o incorporate the probe
oligonuclectide. in alternative embodiments, the probe oligonucientide hybridizes to the
tagged target nucleic acid, wherein the regulatory oligonucieotide acts as a compating agent.
in such embodimants, it will be especially advaniageous for the regulatory oligonucizsotide fo
have an auxiliary seguence that partially overlaps with the nucleolide tag recognition
sequence on the probe oligonuciectids. it will be further advantageous for the auxiliary
sequence to have a reduced complementarity to the probe oligonuclectide, compared to the
tagged target nucieic acid along the same nuclectides, when the probe cligonucieotide and
the regulatory oligonucieciide are alighed along the regulaiory sequence.  In preferred
embodiments, this auxiliary sequence will be located at the § end of the regulaiory
cligonuciectide.

{0120} The compeiitiveness of the regulatory oligonuciestide for the probe oligonuclectide
cann be adiusted varying the strength of the interaction between the regulatory
oligonuciectide and the probe oligonuclectide, as well as the interaction between the
nuclectide tag and the probe oligonuclectide. The competition can be standardized such that
the acouired signal is relatively proportional to the average copy number of a tagoed target

nucleic acid with a particular polymorphic variant.

01217 in varicus embaodiments, the targst nucleotide sequence amplified can be, eg., 25
bases, 50 bases, 100 bases, 200 bases, 500 bases, or 750 bases. in certain embodiments
of the above-dascribed methods, a long-range amplification method, such as longrange
PCR can be empioved fo produce amplicons from the amplification mixiures. Long-range
PCR permits the amplification of target nuclectide sequences ranging from one or a few
kilobases {kb) to over 50 kb, in various embodiments, the target nucleotide sequences thal
are amplified by long-range PCR are at leastabout 1,2, 3,4, 5, 6,7, 8, 8, 10, 11, 12,13, 14,
15, 20, 25, 30, 35, 40, 45, or 50 kb in isngth. Target nucleotide sequences can also fall
within any range having any of thase values as sndpoints {8.g., 25 bases 1o 100 bases or 5-
15 kb). The use of long-range PCR in the above-describad methods can, in some
embaodiments, vield a plurality of target amplicons wherein at least 50, at least 55, at least
80, at ieast 65, or at least 70 percent of the targel amplicons are prasent 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 largst amplicons.

01221  Long-range PCR is well known in the art. See, e.g., Cheng S, Fockier C, Barnes W

M, Higuchi R {June 1994}, "Effective ampiification of long targets from cloned inseris and
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human genomic DNA”. Proc. Natl Acad. Sci US.A. 91 (12} 56885-0. Enzymes, protocols,
and kits for long-rangs PCR that are suilable for use in the methods described hers are
commercially available; examples include: SequalPrap™ Long POR Kit {Invitrogen, USA),
Plullira® It Fusion HS DNA polymerase (Siratagene), Phusion® DNA polymerases,
Phusion® Flash High Fidelity PCR Master Mix (Finnzymes).

[3123] In certain embodiments, the amount of target amplicons produced in the
ampdification mixiures can be quantified during amplication, e.q., by quantiiative regltime
PCR, or after.

Digital PCR

{0124] In some embediments, samples are loaded infc an ampiification device, for
example, a PCR plate or a microfiuidic device, at sample concentrations containing on
average 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 coniaing suitable tagging and reverse primers and a relevant
combination of probe oligonuclestide/reguiatory oligonuclentide sets. For discussions of
“digital PCR” see, for example, Vogelstein and Kinzier, 1999 , Proc Nall Acad Sci USA
96:9238-41, MeBride et al., U8 Paitent Application Publication No. 20050252773, especiaily
Example 5 {each of these publications are hereby incorporated by reference in their
entirety}. Digital ampiification methods can make use of certain-high-throughput devices
suitable for digital PCR, such as microfluidic devices typically inciuding a large number
andior high density of smali-volume reaction sites {e.g., nanc-volume reaction sites or
reaction chambers). In illustrative embodiments, digital ampilification is performed using a
microfiuidic device, such as the Digital Array microfluidic devices described below. Digital
amplification can entail distributing or partitioning a sample among hundrads {o thousands of
reaction mixiures disposed in a reactionfassay platiorm or microfluidic devica. In counting
the number of positive amplification resuits, &.qg, at the reaction endpomnt, one is counting the
individual template molecules present in the input sample one-by-one. A major advaniage 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.

{01281 In certain embodiments,  digital  ampiification can be carried out  after
preamplification of sample nucleic acids. Typically, preamplification prior {o digital
amplification is performed for a limited number of thermal cycles {8.q., & cycles, or 10
cycles). In cerfain embodiments, the number of thermal cycles during preamplification can
range from about 4 to 15 thermmnal cycles, or about 4-10 thermal cycles. In certain

embodimsnts the number of thermal cycles can he 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
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or more than 15. The above-described amplification (o produce adaptor sequence-containing
amptlicons for DNA sequencing can be substituted for the typical preampiification step.

[0128] Digital amplification methods are described in U.S. Publication No. 20080230308
which is hereby incorporated by reference in its entirely and, in particular, for its disclosure of
digital amplification methods and devices. Generally, in digiial ampiification, identical (or
substantially simiiar} amplification reactions are run on a nucleic acid sample, such as
genomic DNA. The number of individual reactions for a given nucleic acid sample may vary
from about 2 to ovar 1,000,000, Typically, the number of reactions performed on a sample is
about 100 or greater, more typicaily 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 sampile 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 o about 25,000, up to about 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
1,600,000, or even greater than 1,000,000 assays per genomic sample.

{01271 In particular embodiments, the quantily of nucleic acid subjected to digital
armplification is generally sslected such that, when distributed into discrete reaction mixtures,
sach individual ampiification reaction is expected fo include one or fewer amplifiable nucleic
acids. One of skill in the art can determine the concantration of targel amplicon(s) produced
as describad above and calcuiate an appropriate amount for use in digital amplification.
More conveniently, a set of serial dilutions of the target amplicon(s) can be tested. For
axample, a device that is commerciaily available from Fluidigm Corp. as the 12.785 Digital
Array microfiuidic device allows 12 different dilutions to be tested simultaneously. Optionally,
a suitable dilution can be determined by generaling a linear regression plot. For the optimat
dilution, the line should be straight and pass through the origin. Subsequently the
concentration of the original samples can be calculated from the plot.

{0128] The appropriate quantity of farget amplicon(s) can be distribuited into discrete
locations o reaction wells or chambers such that sach reaction inciudes, for example, an
average of no mors than about one amglicon per volume. The target amplicon(s) can be
combined with (an} probe oligonuclestide/reguiatory  oligonucieotide  set(s), prior to
distribution or after.

[0129] Foliowing distribution, the reaction mixtures are subjscied to ampilification o
identify those reaction mixtures that contained a target amplicon. Any amplification method
can be empiloyad, hut conveniently, PCR is used, e.¢., realtime PCR or endpoint PCR. This
ampiification can employ probe oligonucisotides capable of amplifying the target
amplicon(s). In particular embodiments, all or some of the probe cligonucleotide, reguiatory
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oligonucleotide, tagging primer and reverse primer are provided. In alternative embodiments,
the probe oligonuclectide c¢an anneal to the nucisolide tag introducad in a previous
ampiification step.

[0130] The concentration of any target amplicon {copies/yl } is correlated with the number
of positive (e, ampilification product-containing) reaction midures. See UG, patent
publication MNo. 20080238308, which is incorporated by reference for all purposes and, in
particular, for analysis of digital PCR resuits. Also see Dube et al, 2008, "Mathematical
Analysis of Copy Number Variation in a DNA Sample Using Digital PCR on a Nanofluidic
Device” PLoS ONE 3(8). #2876, doi 10,137 H/journal. pone. 00028786, which is incorporated by
aference for all purposes and, in particular, for analysis of digital PCR resuls.

{01311 In an dlustrative embodiment of sample caliibration for DNA sequencing by digital
PCR, a PCR reaction mix containing roughly 100-360 amplicons per il can be loaded onto &
Digital Array microfluidic device, such as Fluidigm Corporation’s {South San Francisco
Calif.) 12.765 Digital Array microfluidic device, described below. The microfluidic chip has 12
pansis and sach panel contains 765 chambers. Repiicate panels on the digital chip can he
assayed in order o obtain absolute guantification of the initial concentration of a target

nucleic acid.

Sample Nucleic Acids

[0132] Preparations of nucleic acids {"samples”) can be obiained from bioclogical sources
and prepared using convantional methods known in the art. In particuiar, DNA or RNA useful
in the methods described herein can be exiracted and/or amplified from any source,
including bacteria, profozoa, fungl, viruses, organelles, as well higher organisms such as
plants or animals, particularly mammals, and more particularly humans. Suitable nucisic
acids can also be obiained from environmental sources (e.q., pond water, air sample), from
man-made products (8.g., food), from forensic samples, and the like. Nucleic acids can be
extracted or amplified from cells, bodily fluids (e.q., blood, a blood fraction, uring, etc)), or
tissue samples by any of a variely of standard techniques. Hllustrative samples include
samples of plasma, serum, spinal fluid, lymph fluid, peritoneal fiuid, pleural fluid, oral fluid,
and axternal sections of the skin; samples from the respiratory, intestinal genital, and urinary
tracts; samples of tears, saliva, blood celis cells, or tumors, For example, samples of
fotal DNA can be obtained from an embryo or from matemnal blood. Samples can he
obtained from live or dead organisms or from in vilro cultures. Hustralive samples can

noiude single cells, paraffin-smbeddsd tissue samples, and needie biopsies. Nucleic acids
useful in the invention can also be derived from one or more nucleic acid libraries, including

DNA, cosmid, YAC, BAC, P1, PAC libraries, and the like,
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[0133] Nucleic acids of interest can be isolated using methods 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, but are typically
sufiiciently pure to allow the amplification steps of the methods of the invention o be
performed. Where the farget nucleic acids are RNA, the RNA can be reversed transcribed
into cDNA by standard methods known in the art and as described in Sambrook, J., Fritsch,
£, F., and Maniatis, 7., Molecufar Cloning: A Laboratory Manual . Cold Spring Harbor
Laboratory Press, NY, Vol 1, 2, 3 (1989), for example. The cDNA can then be analyzed

according to the methods of the invention.

Targst Nucleic Acids

[0134]  Any target nucleic acid that can be tagged in an encoding reaction of the invention
{described herein} can be delscted using the methods of the invention. In typical
embodiments, at least some nuclectide sequence information will be known for the target
nucleic acids For exarnple, if the encoding reaction employed is PCR, sufficient sequence
information is generally available for sach and of a given target nucleic acid to permit design
of suitable ampiification primers. In an alternative embodiment, the target-specific sequences
in primers could be replaced by random or degenerate nuclectide sequences.

[0135] The targets can include, for example, nucleic acids associated with pathogens,
such as viruses, bacteria, profozoa, or fungi; RNAs, e.q., those for which over- or under-
exprassion is indicative of disease, those that are expressed in a lissue- or developmental-
specific mannar; or those that are induced by particular stimull; genomic DNA, which can be
analvzed for specific polymorphisms (such as SNPs), alleles, or hapiotypes, e.q., in
genotyping. Of particular interest are genomic DNAs that are aliered (e.g., amplified,
deleted, and/or mutated) in genetic diseases or cother pathologies, seguences that are
associated with desirable or undesirable iraits; and/or sequences that uniquely identify an

individual {&.g.. in forensic or paternity determinations).

Primer Design

(01381 Primers suitable for nucleic acid ampiification are sufficiently long to prime the
synthesis of extension products in the presence of the agent for polymerization. The exact
length and composition of the primer will depend on many factors, including, for example,
temperature of the annealing reaction, source and composition of the primer, and wherg 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 cligonucieotids to the nucleotide tag. The
ratio of primer.probe concentration can alse be considered. For exampls, depending on the

complexity of the target nucleic acid sequence, an oligonuciectide primer typically contains
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in the range of about 15 to aboul 30 nuclectides that recognize the targeted nucleotide
sequence, althocugh it may contain more or fewer nucleotides. The primers should be
sufficiently complementary to selectively anneal to their respective strands and form stable
duplexas. One skilled in the art knows how o select appropriate primer pairs to amplify the
target nucleic acid of interest.

(01371 Primers may be prepared by any suitable method, including, for example, dloning
and restriction of appropriate sequences or direct chemical synithesis by methods such as
the phosphotriesier method of Narang et al {(1978) Meth. Enzymol 88 80-88; the
phosphodigstar method of Brown et al {(1979) Meth Enzymol 680 108-151; the
diethylphosphoramidite method of Beaucage ef al. {1981) Telra. Leff, 22: 183551882, the
solid support maethod of U8, Pat. No. 4,458,086 and the like, or can be provided from a
commercial source.

[0138] Primers may be purified by using a Ssephadex column {Amersham Biosciences,
inc., Piscataway, N.J) or other methods known to those skilled in the arl. Primer purification

may improve the sensitivity of the methods of the invention.

Assay Formais

[0438] Assays of the invention may be carried ou in & varisty of formats, including muitiwell
formats and microfluidic formats such as, but not limited to, droplet systems (see, e.g., Kiss
et al, 2008, Anal Chem 80. 8975-81) and integrated microfluidic devices. In some
embodiments the PCR amplification reaction is carried cul in a reaction volume greater than
500 nl, or greater than 1 ul. For example, in some embediments the PCR amplification
reactions are carried out in a multiwell plate comprising 96-1538 wells. In some
embodimenis, Ta is about 57°C. in other embodiments, the PCR amplification reaction is
carried out in a reaction volume less than 100 nb. In some embodiments the PCR
amplification reaction is carried out in a microfiuidic device. In some embodiments Ta is
about 80°C

Microfluidic Devices

[0140] In ceriain embaodiments, any of the methads of the invention can be carried out

using a microfluidic device. In illustrative smbodiments, the device is a malrix-type
microfluidic device is one that allows the simultaneous combination of a plurality of substrate
sciutions with reagent solutions in separate isolated reaction chambers. I will be recognized,
that a subsirate sclution can comprise one or a plurality of subsirates and a reagent solution
can comprise one or a plurality of reagents. For example, the microfiuidic device can allow
the simultaneous pairwise combination of a plurality of different amplification primers and

samples. In cerlain embodiments, the device is configured to contain a different combination
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cf primers and sampies in each of the different chambers. In various s

number of separale reaction chambers can be greater than 50, usually greate
more offen greaier than 850G, even more often grealer than 1000, and sometimes greatsr
than 5000, or greater than 10,000

i0141]  in particular embpodiments, the matrix-type microfluidic device i3 a Dynamic Array
DA™Y microfluidic devics, an example of which is shown in FIG, 21 of WO 05/107538A2,

and described therein, DA mucrofluidic devics is a matrc-lype microfiuidic device designed

/

0 isciale pairwise combinations of samples and reagents {s.g., ampii

tion primers,
detaction prebes, ato and suited for carrying out qualitabve and quantitative: PCR reactions
inciuding real-time quantitative PCR analysis. In some embodiments, the DA microfiugic
device is fabricated, al least in part, from an elasiomer. DA microfluidic devices are

cdescribed in PCT public WOOE/107938A2 (Thermal Reaction Device and Mesthod For

~

T3AY, both Encarperataa‘ hersin by

felplal

Using The Same) and LS Pat. Publication US200502527

devices may ncorporate high-density ma

between iayers of the microfluidic device to weave coniral lines and fiuid lines through the

veen layers. By virtue of fluid lines in mu layers of an elasiomeric block,

device and b

high density reaction cell arangements are possible. Alternatively DA microfluidic devices

may be designed 5o that &l of the reagent and sampie channels are in the same elastomeric
layer, with control channels in a different laye
[0142] UG Patent Publication Noo 2008/0223721 and PCT Publcation No. WO

05/107038AZ, both incorporated by reference herein, describe iustralive matrix-lype

hods dascribed herein. FIG, 21 of WO

devices that can be used to practice the m

OE/1Q7R38AZ shows an illusirative matrix design having a first elastomeric fayer 2110 (1st

layer) and a second elastomeric layer 2120 { 2 d layer} each having fluid channels formed
therein. For example, & reagent fluld channgl in the first layer 2110 is connected o a reagent

N

fluid channel in the second layer 2120 through 2 via 2130 | while the second layer 2120 also

has sampie channels theran, the sample channals and the reagent channels terminating in

and reagent chambpers 2180

smnie and reacent chambers % . The sam
semple and reagent chambers 2180, respeciively. The sam

P 2150 that has an

are in fiuid communication with each other through an mnterface char

interface valve 2140 associated therewith to control fiuid communication belwsan sach of
the chambers 218C of a reaction cell 2160 . In use, the interface is first ciosed, then reagent
is introduced into the rsagent channel from the reagent inlet and sampie is introduced into

b fhrough ihe sample inlet; contal t valves 2170 are then ciosed 1o

action call 2160 from other reaction celis 2188 . Onee the reaction celis 2160

the interface valve 2140 is opened {0 cause the sample chamber and the

desirad reaction

v
=

be in fluid communication with sach ol
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take piace. It will be apparent from this (and the description in WO 05/107938A2) that the DA
microfividic device may be used for reacting M number of different samples with N number
of different reagents.

{0143] Although the DA microfluidic devices described above in WO 05/1079838 are well
suited for conducting the methads described herein, the invention is not limited to any
particutar device or design. Any device that partitions a sample andfor aliows independent
pair-wise combinations of reagents and sample may be used. U.S. Patent Publication No.
20080108083 {which is hereby incorporated by reference it its entirety) includes a diagram
ilustrating the 48.48 Dynamic Array IFC {integrated Fluidic Circuit), a commercially available
device available from Fluidigm Corp. (South San Francisco Calif.).

[0144] 1t will be understood that other configurations are possible and contemplated such
ag, for example, 48x86; 96x08; 30x120, elc.

{0145] In specific embodiments, the microfiuidic device can be a Digital Array microfiuidic
device, which is adapted to perform digital ampilification. Such devices can have integrated
channels and vaives that partition mixtures of sample and reagents info nanolitre volume
reaction chambears. In some embodiments, the Digital Array microfluidic devics is fabricated,
at isast in part, from an elastomer. Hlusirative Digital Array microfluidic devices are described
in pending U.S. Applications ownad by Fluidigm, Inc., such as U.S. patent publication No.
20000238308, One iHlustrative embadiment 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 785 € nb reaction chambers with g total volume of 4.59 ul it per panel. Microfluidic
channels can connect the various reaction chambers on the panels fo fiuid sources.
Pressure can be applied to an accumuiator in order to open and close valves connecting the
reaction chambers to fluid sources. In illustrative embodiments, 12 inlels can be provided for
lvading of the sample reagent mixture. 48 inlels can be used io 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 o provide hydration fo the biochip.
Hydration inlets are in fluid communication with the device to Tacilitate the conirol of humidity
associated with the reaction chambers. As will be understood to one of skill in the art, some
elastomeric materials that can be utilized in the fabrication of the device are gas permeabls,
allowing evaporated gases or vapor from the reaction chambers to pass through the
elastomearic material into the surrounding atmosphere. In a parlicular embodiment, fluid lines
located at peripheral portions of the device provide a shield of hydration liguid, for example,
a buffer or masier mix, at peripheral portions of the biochip surrounding the panels of
reaction chambers, thus reducing or preventing evaporation of liguids present in the reaction
chambers. Thus, hurnidity at peripheral portions of the device can be increased by adding a

volatile liquid, for example water, to hydration inlets. in a specific smbodiment, a first inlet is
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in fluid communication with Ehe hydration fluid linss surrounding the panels oty a first side of
the biochip and the second iniet is in fluid communication with the hydration fluid lines
surrounding the panals on the other side of the biochip.

{148}  While the Digital Array microfluidic devices are well-suited for carrying out the
digital amplification methods described herein, one of ordinary skill in the art would
recognize many variations and aiternatives o these devices. The microfiuidic device which is
the 12.785 Dynamic Array commercially available from Fluidigm Corp. (South San
Francisco, Calif.), includses 12 panels, each having 765 reaction chambers with a volume of
8 nbL per reaction chamber. However, this geomelry is not required for the digiial
ampiification methods described herein. The geomsiry of a given Digital Array microfiuidic
device will depend on the particular application. Additional description related o devices
suitable for use in the methods described herein is provided in U.8S. Patent Application
Publication No. 2005/0252773, incorporated herain by reference for its disclosure of Digital
Array microfluidic devices.

[0147] in cerizin embodimants, the mathods described herein can be performad using a
microfiuidic device that provides for recovery of reaction products. Such devices are
described in detail in copending U.S. Application No. §1/168,105, filed Apr. 2, 2009, which is
hereby incorporated by reference in its entirety and specifically for its description of

microfluidic devices that permit reaction product recovery and related methoeds.

Detection

[0148]  In particular smbodiments, real-time guantification methods are used For example,
“quantitative real-lime PCR” methods can be used io delermine the guantity of a targst
nucleic acid present in a sampis by measuring the amount of amplification product formed
during the amplification process itself. This method of monitoring the formation of
amplification product involves the measuremant of PCR product accumulation al mutltiple
fime poinis.

{01481 Devicass have besn developed that can perform a thermal cycling reaction with
compositions containing a fiucorescent indicator, emit a light beam of a specified wavelength,

read the infensity of the flugrescent dye, and display the intensity of fluorescence after each

@

cycle. Devices comprising a thermal cycler, light beam smitter, and a fluorescent signal
detector, have been described, .., in U .S, Pat. Nos. 5,828,007, 6,015,874, and 6,174,670.
[0150] In some embodiments, each of these functions can be performed by separale
devices. For example, if ons employs a (Q-beta replicase reaction for empiification, the
eaction 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 ampilification product.
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{0151]  In parlicular embodiments, combined thermal cycling and fluorescence detecting
devices can be used for precise guantification of target nucisic acids, In some embodiments,
fluorescent signals can be detected and displayad during and/or after one or more thermal
cycles, thus permitling monitoring of amplification products as the reactions ocour in "real-
time.” In certain embodiments, one can use the amount of amplification product and number
of amplification cycles to calculate how much of the target nucleic acid sequencs was in the
sample prior to ampiification.

[0182] According to some embodiments, one can simply monitor the amount of
amplification product afier a predetermined number of cyclas sufficient to indicate the
presenca of the target nucleic acid sequence in the sample. One skilled in the art can easily
determine, for any given sampic type, primor seguencs, and reaction condition, how many
cycles are sufficient to determine the presence of a given target nucleic acid.

[0153] The detection is typically performed under conditions favorabile for the asscciation
of the reporier and quencher molecules. A suitable temperature can be chosen to improve
the hybridization of the probe oligonuclectide and the regulatory oligonuclestide for signal
acquisition. In particular embodiments, the acquisition temperature is chossn such that a
significant fraction of the unincorporated probe oligonucisolide is hybridized with the
reguiatory oligonuclectide. This significant fraction limit can be dstermined according to
ranges specified elsewhere in this applicatic

{01584]  According to certain embodiments, ons can employ an internal standard to quantify
the ampiification product indicated by the flucrescent zignal See, eg., U.8. Pat Mo

[(}155} in  various embodiments, employing preamplification, the number  of

(u

)

preamplification cycles is sufficient to add one or more nucleolide tags to the target
nucleotide sequences, so that the relative copy numbers of the tagged target nucleotide
saquences is substantially representative of the relative copy numbers of the target nucleic
acids in the sample. For example, preampiification can be carried out for 2-20 cycles to
infroduce the sample-spacific nucleotide tags. in other embodiments, detection is carried out
at the end of exponential amplification, i.e., during the “plateaw” phase, or endpoint PCR is

carried out. In this instance, preampiification will normalize amplicon copy number across
targeis and across samples. In various embodiments, preamplification and/or ampiification
can e carried out for aboul 2, 4, 16, 15, 20, 25, 30, 358, or 40 cycles or for a number of

cycles falling within any range bounded by any of these values.

Removal of Undesired Reaction Components

{01587 It will be appreciated that reactions involving complex mixiures of nucleic acids in

which a number of reactive steps are employed can resull in a variety of unincorporated
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reaction components, and that removal of such unincorporated reaction components, or
reduction of their concentration, by any of a variety of clean-up procedures can improve the
efficiency and spscificity of subsequently occurring reactions. For example, it may be
desirable, in some embodimants, to remove, or reduce the concentration of preamplification
primers or tfagging primers prior to carrying out the amplification steps described harein.
[01871 In certain embodimenis, the concentration of undesired components can be
raduced by simple dilution. For exampie, preamplifisd samples can be diluted about 2- 5-,
10-, 86~ 100-, 500- 1000-foid prior to arnplification i improve the specificity of the
subsequent amplification step.

[0158] In some embodiments, undesired components can be removed by a variety of
enzymatic means. Alternatively, or in addition to the above-described methods, undesired
componsanis can be removad by purification. For exampls, a purification tag can be
incorporated into any of the above-describad primers {&.g., into the barcode nucleotide
sequence) to facilitate purification of the tagged target nucleotides.

[0159] in particular embodiments, clean-up includes selective immobilization of the
desirad nucleic acids. For example, desired nucleic acids can be preferentially immobitized
on a solid support. In an llustrative embodiment, an affinity molety, such as biotin {e.g.,
photo-bioting, is altached to desired nucleic acid, and the resulting biotin-labeled nucleic
acids immobilized on a solid support comprising an affinity molety-binder such as
streptavidin. Immobilized nucieic acids can be queried with probes, and non-hybridized
and/or non-iigated probes ramoved by washing (See, e.g., Published P.C.T. Application WO
03/0086877 and US Patent Publication No. 20030036064 Alternatively, immobilized nucleic
acids can be washed {o 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 o an arnplification primer such that amplification produces an affinity molety-

]

labeled (e.g., biotin-labeled) amplicon. Thus, for exampie, where a tagging primer, reverse
primar and an probe cligonucleotide are ¢ mpioybd as dascribed above, at least one of said

oligonuciectides can include an affinity moisty.

Data Cutput and Analysis

{01801 In certain embodiments, when the methods of the invention are carried cut on a
matrix-type microfluidic device, the dala can be output as a heal matrix (also termed “heat
map”). In the heat matrix, each square, rapresenting a reaction chamber on the matrix, has
been assignad & 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 detect

wharaas white squares indicate the highest level of amplification produce, with shades of

gray indicating levels of amplification product in between. In a further aspect, a software
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program may be ussd o compils the data generated in the haat matrix into a3 more reader-

friendly format.

[0161] The methods of the invention are applicable {o any technique aimed at detecting
the presence or amount of one or more target nucleic acids in a nucleic acid sample. Thus,
for example, these methods are applicable to ideniifying the presence of pariicular
polymorphisms (such as SNPs), alleles, or haplotypes, or chromosomal abnormalities, such
as amplifications, delstions, or aneuploidy. The mesthods may be emploved in genctyping,
which can be carried out in @ number of contexts, including diagnosis of genetic diseases or
disorders, pharmacogenomice {personalized medicine), quality control in agricuiture {e.g., for
seeds or livesiock), the study and management of populations of planis or animals (e.g., in
aguaculture or fisheries management or in the determination of population diversity), species
or strain determination or patsmity or forensic identifications. The msthods of the invention
can be applied in the identification of sequences indicative of particular conditions or
organisms in biological or environmental samples. For example, the methods can be used in
assays {o identify pathogens, such as viruses, bacleria, and fungi). The msthods can also be
used in studies aimed at characterizing environments or microenvironments, e.qg.,
characterizing the microbial species in the human gut.

{31621 These methods can aisc be employed in determinations DNA or RNA copy
number. Determinations of aberrant DNA copy number in genomic DNA is useful, for
exarnple, in the diagnosis and/or prognosis of genstic defects and diseases, such as cancer.
Determination of RNA “copy number,” le., expression level is ussful for expression
monitoring of genes of inferest, a.¢q., in different individuals, tissues, or cells under different
conditions {e.g., different external stimuli or disease states) andior at different developrnental
stages.

[0183] in addition, the methods can be employed to prepare nucieic acid sampies for
further analysis, such as, e.g., DNA sequencing. Diseases with a genetic component can be
tested for carier status or risk disease occurrence in subjacts. One aspect of the invention
ralates to predicting the carrier status or the risk of diseass occurrence in a subject. The list
of diseases with a genstic component is growing and comprises Haemaophilia, Galactosemia,
Duchenne Muscular Dystrophy, Polycystic Kidney Disease, Nsurofibromatosis Type |
Hereditary Spherocyviosis, Marfan syndrome, Huntingtor's Dissase, Abdominal Aortic
Ansurysm, Age-related Macular Degeneraticn, Alcchol Dependence, Aleopecia Areata,
Ankylosing Spondylitis, Asthma, Atopic Dermatitis, Alrial Fibrillation, Atrial Fibrillation:
Preliminary Ressarch, Altsntion-Defict Hyperactivity Disorder, Back Pain, Basal Cell

Carcinoma, Behcet's Disease, Bipolar Disorder, Bipolar Disorder: Preliminary Research,
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Gladder Cancer, Brain Aneurysm, Breast Cancer, Celiac Disease, Chronic Kidney Disease,
Chironic Lymphacytic Leukemia, Chronic Obstructive Pulmonary Disease {COPD), Cleft Lip
and Cleft Palate, Cluster Headaches, Colorectal Cancer, Creutzfeldt-dakob Dissase, Crohn's
Disease, Developmental Dyslexia, Endometriosis, Esophagsal Cancer, Esophageal
Squarmnous Cell Carcinoma (ESCC), Essential Tremor, Exfoliation Glaucoma, Follicular
Lymphoma, Gallstones, Generalized Vililigo, Gestational Diabeles, Gout, Hashimoto's
Thyroiditis, Heart Altack, Hypertension, Hodgkin Lymphoma, Hypertriglyceridemis,
Intrahepatic Cholestasis of Pregnancy, Keloid, Kidney Dissase, Kidney Stones, Larynx
Cancer, Lou Gebrig's Dissase (ALS), Lung Cancer, Lupus (Systaemic Lupus Erythematosus),
Male Infartility, Melanoma, Multiple Sclerosis, Narcolepsy, Masopharyngeal Carcinoma,
Newral Tube Defects, Neurcoblastoma, Nicotine Dependence, Nonalcoholic Fatty Liver
Disease, Obesity, Obsessive-Compulsive Disorder, Oral and Throat Cancer, Ostecarthiils,
Otosclerosis, Pagef's Disease of Bone, Parkingson's Disease, Parkinson's Disease:
Preliminary Research, Peripheral Arterial Disease, Placanial Abruption, Polyeystic Ovary
Syndrome, Preeclampsia, Primary Billary Cirhosls, Progressive Supranuciear Palsy,
Prostate Cancer, Psoriasis, Restless Legs Syndrome, Rheumatoid Arthritis, Schizophrenia,
Limited Cutaneocus Type Scleroderma, Selective lgA Deficlency, Sidgren’'s Syndrome,
Stomach Cancer, Gastric Cardia Adenocarcinoma, Siroke, Tardive Dyskinesia, Thyroid
Cancer, Toursite's Syndrome, Type 1 Diabetes, Type 2 Diabetes, Ulcerative Colitis, Uterine
Fibroids, and Venous Thromboembolism, Alpha-1 Antitrypsin Deficiency, Cancer | Bloom's
Syndrome, Canavan Disease, Connexin 28-Related Sensorineural Hearing Loss, Cystic
Fibrosis, Factor Xi Deficiency, Familial Dysautonomia, Familial Hypercholesterolemia Type
B, Familial Mediterranean Fever, FANCC-related Fanconi Anemia, GBPD Deficiency,
Gaucher Disease, Glvcogen Storage Disease Type 1a, Hemochromatosis, Limb-girdis
Muscular Dystrophy, Maple Syrup Urine Disease Type 18, Mucolipidosis 1V, Niemann-Pick
Disease Type A, Phenylketonuria, Rhizomelic Chondrodysplasia Punctata Type 1 (RCDP1),
Sickie Celi Anemia & Malaria Resistance, Tay-Sachs Diseass, and Torsion
Dystonia. Genolypes associated with genelic traits can also be tested in subjecis. Yet
another aspect of the invention relates o predicling the carrier status or the likelihood of
occurrance of a trait in a subject. Genetic traits that are corrslated with a genotype comprise
Adiponectin Leveais, Alcohol Flush Reaction, Asparagus Metabolite Detection, Avoidance of
Errors, Birth Weight, Bitter Taste Perception, Blood Glucoss, G Dependence on
Breasifeading, C-reactive Protein Level, Chronic Hepatitis B, Earwax Type, Eye Color, Food
Preference, Freckling, HDL Cholesterol Level, HIV Progression, Hair Color, Hair Curl, Hair
Thickness, Height, Hypospadias, Laciose Intolerance, Leprosy Susceptibility, Longevity,
Susceptibiiity to Malaria Complications, Malana Resistance (Duffy Antigen}, Male Pattern

Baldness, Non-verbal 10, Obesity, Episodic Memory, Age at Menarche, Early Menopause,
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Muscie Parformance, Diego, Kidd, and Kell Bicod Groups, Morovirus Resistance, Odor
Distection, Pain Sensifivity, Persistent Fetal Hemogiobin, Photic Snesze Reflex, Prostate-
Specific Antigen, Reading Ability, Refractive Error, Resistance to HIV/AIDS, Response to
Digt and Exercise, Sex Hormons Regulation, Smoking Behavior, and Tuberculosis
Susceptibility.

[0184]  Furthar, an individual's response {o treatment by a drug can be linked to particular
genotypes. Ancther aspect of the invention relates to predicting an individual's response to
drug treatment in correlation with a particuiar genotype. Drug responses can be predicted for
a fist of drug treatments comprising Alpha-1 Antitrypsin Deficiency, Breast Cancer , Bioom's
Syndrome, Canavan Disease, Connexin 28-Related Sensorinsural Hearing Loss, Cyslic
Fibrosis, Factor XI Deficiency, Famiiial Dysautonomia, Familial Hypercholesterolemia Type
8, Familial Mediterranean Fever, FANCC-reiated Fanconi Anemia, G6PD Deficiency,
Gaucher Disease, Giycogen Siorage Disease Type 1a, Hemochromatosis, Limb-girdie
Muscutar Dystrophy, Maple Syrup Urine Disease Type 18, Mucolipidosis IV, Niemann-Pick
Disease Type A, Phenylkstonuria, Rhizomelic Chondrodysplasia Functata Type 1 (RCDP1),
Sickle Celt Anemia & Malaria Resistance, Tay-Sachs Disease, and Torsion Dystonia.

[0165) Finally, nucleic acid samples can he tagged as a first step, prior subsequent
analysis, to reducs the risk that mislabeling or cross-contamination of samples will
compromise the resuits. For example, any physician's office, laboratory, or hospital could tag
samples immediately after coliection, and the tags could be confirmed at the time of
analysis. Similarly, samples containing nucleic acids collected at a crime scene could be
tagged as soon as practicable, {0 ensure that the sampies could not be misiabeled or
tampered with. Detection of the tag upon each transfer of the sample from one parly to

another could he used to establish chain of custody of the sample.

[0166] Kits according to the invention include one or more reagents useful for practicing

one or more assay methods of the invention. A kit generally includes a package with one or

O

more containers holding the reagent(s) {e.g., primers and/or probe(s})}, as one or more
separate compositions or, optionally, as admixture where the compatibility of the reagents

will allow. The kit can also inciude other material(s} that may be desirable from a user

standpoint, such as a buffer{s}, a diluent(s), a standard{s}, and/or any olher material useful
in sample processing, washing, or conducting any other step of the assay.

[0187] Kits according to the invention generally include instructions for carrying out one or
more of the methods of the invention. instructions included in Kils of the invantion can be
affixed to packaging material or can be included as a package inssrt. While the instructions

are typically written or printed materials they are not limited to such. Any medium capabis of

J
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storing such instructions and cornmunicaling them to an end user is contemplated by this
invention. Such media inciude, bul are not limited to, elecironic storage media {(e.qg.,
magnetic discs, tapes, cariridges, chips), optical media {e.g., CD ROM), RF tags, and the
like. As used herein, the term “instructions” can include the address of an internet site that
provides the instructions.

[0168] it is understood that the examplss and embodiments described herein are for
itlustrative purposes only and that various modifications or changes in light thereof will be
suggested o persons skilled in the art and are fo be included within the spirit and purview of
this application and scope of the appended claims.

[0169] In addition, all other publications, patents, and patent applications aited herein are

hereby incorporated by reference in their entirety for all purposes.

EXAMPLES

Example 1

{01701 Figurs 1 illustrates uss of the method in a genctyping assay, to detect the presence
of specific allele(s) in 2 sample. In the cartoon, two target nucieic acid sequences (Tand T')
are present in the sampie, T being characterized by an A gliele at a particular SNP and T
being characterized by a G allele. T and T are tagged in @ PCR reaction using a pair of
fagging primers, one comprising a nuclectide tag sequence X and a fargel nucieotide
recognition sequence that hybridizes to, and acts as a primer for, the A gllele, and the othe
comprising a nuclecotide tag ssquence Y and a target nucleotide recognition sequence that
hybridizes to, and acts as a primar for, the G allele. The encading or tagging PCR reaction
(shown as an encoding PCR reaction) “incorporates” the x tag into amplicons (if any) of the
A allele, and “incorporates” the y tag into amplicons {if any) of the G allele. The encoding
amplification may make use of a single revarse primer.

[0171] As shown in the figure, the reaction contains two probe oligonuclectide-regulatory
nuciactides pairs.  In the first, the probe oligonuclectide comprises a reporter {(Rg), 2
regulatory sequence (z), and a primer sequence thal hybridizes to the tag sequsnce
incorporated into the A aliele amplicons and acts as primer for the PCR ampiification
reaction, while the regulatory oligonuciectide comprises a quencher () and a sequence
sagment (z) complementary fo regulatory seguence. In the second, the probe
oligonucieotide comprises a reporter (Rg), a regulatory seguence {w), and & primer
sequence that hybridizes 1o the tag sequence incorporated into the G allele ampiicons and
acts as primer for the PCR ampiification reaction, while the regulatory oligonuciectide
comprises a quencher {(Q}, which may be the same or diffsrent from the quencher of the first
pair, and a sequence segment {w) complementary to requiatory sequence. The probs

oligonuclectide and reguiatory oligonucleotide of each pair comprise a reporter-gusncher
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pair so thal the reporier emils & detectable {e.g., fluorescent) signal when the probe
oligonuciectide is hybridized to the reguiatory dligonuclectide, but does not emit the signal
when the probe and reguiatory oligonuclectides are hybridized {o sach other, the reportaris
guenched.

{0172] As is shown in the figure, probe oligonucleotids-primed PCR amplification of the
tagged target nucleic acid sequences results in amplicons in which the reporier(s) is
incorporated, thereby separating the reporier(s) from the quencher molecule(s). The
resulting reporter signal(s) may be detected and are indicative of the presence of the

corresponding allele in the sample.

Exampls 2

(01731 Tagging primers were designed for each polymorphic variant for various
polymorphic sites. In addition to the target-spacific sequences, the tagging primers were
designed to contain a nuclestide tag sequances at the 5 end. When testing a polymorphic
site, the tagging primers for the first alleles contained a different nuclectide tag sequence
than the tagging primers for the second allele. The sequences of the primers containing both
nuciaotide tag ssquences and the target-specific ssguences are listed in Table 1.

(01741  Revarse primers were designad o flank the target polynucleotide and are listed in
[0175] Multiple seis of probe oligonuclectide/resguiatory  oligonuclectide  pairs  were
designed. The probe oligonucleotides contained a variety of nuclecotids tag ssquences at the
3 end corresponding to the nucleotide tag sequences on the tagging primers. The probe
oligonucieotides contained regulatory sequsnces al the 3" end that were recognized by the
corresponding regulatory oligonuciectide. The probe oligonucieotides were labeled with a
fluorescent reporter molecule al the 3’ end. The fluorescent dves were selected from FAM,
Callrange, and HEX. The regulatory oligonuclectides were labeled with a corresponding
quencher at the &' end.

[0176] When testing & polymorphic site, fwo sels of probe ofigonuclectide/regulatory
oligonucleotide pairs were used. Each set contained a different reporier quencher pairand a
different nuclectide tag sequence corresponding o the nuclectide tag sequences in the
tagging primers,

[0177]  Ths ssguences of the probe oligonucieotide/regulatory oligonuciectide pairs are
fisted in Tables 3 and 4.

{0178] The oligonucieotides were synthesized by Operon at 10 nmol scale, and provided

resuspended in TE buffer (Teknova) at a concentration of 100 uM.
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(0178 Human genomic DNA samples from the Coriell sample collection were
resuspended at 80 ng/yl in low-EDTA TE buffer (Teknova), and prepared for PCR as
foliows.

[0180] A Probe Mix was prepared as follows: Each pmt}e cligonucleotide was preparad at
SuM final concentration in DNA Suspension Buffer (10 mM Tris, pH 8.0, 0.1 mM EDTA,
TEKnova, PN T0221} with 30mM EDTA. Each regulatory oligonuclectide was prepared at
30ub final concentration in the same buffer.

[0181] A Sample Mix was prepared as follows:

[0182] Riotium Fast Probe Master Mix (Biotium, PN 310058), 20X SNPtype Samplel cading
Reagent (Fluidigm, PN 100-3425),Probe Mix, 50X ROX ({invitrogen, PN 12223-012) and
PFOR-certiflied water were combined to make the Sample Fre-Mix as described in Table 5
2.5yl of each genomic DNA {gDNA) sample al 80ng/ul were added to 3.5 pl of Sample

Pre-Mix to make a fotal of 6 pl of Sample Mix solution. The Sample Mix was vorlexed for a
minimum of 20 seconds, and then centrifuged for at least 30 seconds o spin down all
components,

[0183]  An Assay Mix was prepared as follows:

01841  An Assay Mix containing two tagging primers, one for each aliele, a corresponding
reverse primer and DNA Suspension Buifer Buffer (10 mM Tris, pH 8.0, 3.1 mM EDTA,
TEKnova, PN T0221) was prepared as described in Table 6 below.

[0185] 10 X Assays were preparad as follows:

[0188] Aliquots of 10X assays were prepared using volumes in Table 7 below in & DNA-
free hood. The 2X Assay Loading Reagent {Fluidigm, PN 850080736} was combined with
PCR-certified water to creale the Assay Pre-Mix. 4 ul. of the Assay Pre-Mix was combined

with 1 ul of sach individual Assay Pre-Mix Mix for a total of 5 ull 10X Assay Mix.

Running the 48.48 Dvnamic Array ™ IFC

{0187] The containmant and interface accumulator reservoirs were filled with 300 pt of
Controt Line Fluid {Fiuidigm PN 88000020. 5 yi of each Sample Mix was loaded into the
sampie inlets, and 4 pA of the appropriate 10X Assay Mix was loaded into each assay inlets
on the 48.48 Dynamic Array ™ IFC (Fluidigm, PM BMK-M-48.48).

[0188] The IFC was thermal cycled and imaged using an FC1™ Cygler manufactured by
Fluidigm Corporgtion. The IFC thermal cycling protocol included a hotstart step [85° C. for 5
min}, a 35 cycle touchdown PCR strategy {1 cycle of 95 °C for 15 seq, 84 °C for 45 sec, and
72° G, for 15 sec; 1 cycle of 85 °C for 15 sec, 83 °C for 45 sec, and 72 °C for 15 sec; 1 cycle
of 85 °C for 15 sec, 82 °C for 45 sac, and 72° C. for 15 sec, 1 cycle of 85 °C for 15 sec, 81
°C for 45 sec, and 72 °C for 18 sec; and 34 cycles 5° C. for 15 sec, 82° C. for 45 seq,

and 72° C. for 15 sec], and a cooling step [1 cvele of 25 °C for 10 sec]. The data was
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collected in an EP1™ Reader manufactured by Fluidigm Corporation and analyzed using the

SNF Genotyping Analysis Software v.3.1.0.
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Table § - Sample Pre-Mix

\

Component Volurme per nlet {ul)
0.3

Biotium 2X Fast Probe Ma

50X ENPype | Samy

Probe Mix 0.1
50/{ 4 \\); D.U\%‘D

POR-certified water 0.084

ponent ' Volume {ul)

Tagging Primers (100ulM each) 3.0

1
s

Revarse Primer

Ie

[
o
<

=

ONA Suspension Buffer

Fo
o
o

Total

Table 7 — 10X Assays

Somponent Volume per Inlet {ul.)

2X Assay Loading Reagent 2.5
PCR-certified water 15

o

Aszay Mix

{0189]  For illustration and not imiiation, the following exemplary embodiments ars also
contermplated:

{31907 Embodiment 1. A method of delecling a polynuclectide with a target nuclectide

sequence comprish

[co

- tagging the polynuciectide «
sequence with a nuclactide tag; providing a probe oligonuciectide with & ’%h"\g lemperature

and a nucisctide fag recognition sequence;

incorpore N & polynuc

ing the probe

stide with a melting tem

amplification reaction; providing a regulatory oligonuc

Tm2, comprising a sequence segment that is at least patially complementary to the
reguiatory sequence; wherein Tm1 and Tm2 areg higher ihan the annealing temperature

ciated with the pciynucisotide ampilification reaction and the signal associaled wiith the

e oligonuciactide is dependent on its rescue from the reguiatory nuclectide

R
[y
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[6191] Embodiment 2. The method of embodiment 1, wherasin the polynucieotide
ampdification reaction is PCR.

[0192] Embodiment 3. The method of embaediment 1, wherein the probe oligoncieatide
and the regulatory oligonuciectide are iabeled at complementary sites.

{0193] Embodiment 4. The method of smbediment 1, wherein a plurality of fargst
nuclectide sequences is assayed within 3 single reaction by tagaing each polynucieoiide
comprising one of the desired target nuclectide sequences with a different nuclectide tag
gncoding the target nucieotide sequence; providing at least one probe oligonuciectide,
wherein the nucisotide tag recognition sequence preferentially hybridizes to one of the
nucleotide tags; and providing at ieast one regulatory oligonucieotide, wherein a portion of
the regulatory oligonucleotide preferentially hybridizes to one of the regulstory sequances.
{0194] Embodiment 5. The method of embodiment 4, wherein the relative abundance of
the targst nucleotide sequences are determined.

[0185] Embodiment 8. The method of embodiment 1, wherein the polynuciectide is
tagged by elongating from a tagging primer.

[0196] Embodiment 7. The method of ambodiment 1 or 8, wherein the target
polynuclectide sequenca(s) comprises at least one polymorphic site.

[0197] Embodiment 8 Ths method of embodiment 7, wheraein the polymorphic site is
lncated within the target nucleotide sequence.

[0198] Embodiment 8. The method of embodiment 7, wherein the polymorphism
comprises a point muiation.

[0199] Embodiment 10. The method of embediment 7, wherein the polymorphism
comprises an insertion.

[0200] Embodiment 11, The method of embodiment 7, wherein the polymorphism
comprises a delstion.

[0231]  Embediment 12. The method of embodiment 10 or 11, wherein the polymorphism
spans more than one nuciectide.

[0202] Embodiment 13, The method of embodiment 1, wherein when the regulaiory
oligonuclectide is aligned with the regulatory seguence on the probe oligonuclectide, the
regulatory oligonuclectide comprises a completely uncomplementary auxiliary sequence
segment.

[0203] Embodiment 14. The method of embodiment 13, wherein the auxiliary sequencs
segment at least partially overiaps with the probe oligonuciectide.

[0204] Embodiment 15. The method of embodiment 14, wherein the auxiliary sequence
segmaent at least partially overlaps with the nuclectide tag recognition sequeance.

[0205] Embodiment 18, The method of embodiment 1 or 2, wherein the sighal is detected

over iime.
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[0206] Embodiment 17. The mathod of embodiment 1 or 16, wherein the temperature is
adjusted facilitating the hybridization of the unincorporated probe oligonucleotide io the
reguiatory oligonuciectide, such that the ratio of the unhybridized unincorporated probe
cligonucieotide to the incorporated probe oligonucientide is less than 1.

[0207] Embodiment 18. The method of embodiment 17, wherein the ratic of the
unhybridized unincorporated probe oligonuclectids to the incorporated probe oligonuclectide
is less than 0.5,

[0208] Embodiment 18. The msthed of embodiment 17, wherein the ratic of the
unhybridized unincorporated probe oligonuciactide o the incorporated probe oligonucleotide
is less than 0.2

[0209] Embodiment 20. The method of embodiment 17, whergin the ralic of the
unhybridized unincorporated probe cligonucieotide 1o the incorporated probe oligonucleotide
is fess than 0.1,

[0210] Embodiment 21, The method of embodiment 17, wherein the ratio of the
unibridized unincorporated probe oligonuclesctide to the incorporated probe oligonucieotide
is less than 0.05.

{C211] Embodiment 22, The method of embodiment 17, wherein the ratio of the

0]

unihbridized unincorporated probe oligonuciectide to the incorporated probe oligonuciectid
is less than 0.02.

{0212] Embodiment 23. The method of ambodiment 17, wherein the ratio of the
uniyoridized unincorporated probe ofigonuciestide to the incorporated probe sligonuciectide
is less than 0.01.

[0213] Embodiment 24, The method of embodiment 17, wherein the ratio of the
unhybridized unincorporated probe oligonucleotide to the incorporated probe cligonuclectide
is tess than 0.005.

[0214] Embodiment 25. The method of embodiment 1 or 2, wherein at least a portion of
the assay is conducted in droplats.

[0215] Embodiment 28. The method of any one of embodiments 1, 2, or 16-24, whersin
the regulatory oligonuclectides are attached to supports.

[0218] Embodiment 27. The method of embodiment 26, wherein the supports are beads.
{02171 Embodiment 28. The method of embodiment 27, wherein the beads are magnetic.
{0218] Embadiment 28. The method of embodiment 27 or 28, wherein the supports are
diverted cut of the region where the signal is delected.

[0218] Embodiment 30, The method of embodiment 1, wherein one of the probe
oligonuciectide and regulatory oligonucleotide is labeled with a reporier molecule and the
other with a quencher molecule of a reporter-quencher pair, wherain the guencher is cappsad

providing protection from nucleases.
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[0220] Embodiment 31, The method of smbodiment 30, wherein the capping is at the &

end.

[0221] Embodiment 32. The method of embodiment 6, whersin the polymorphic site{s) is
predictive of a genatic trait,

[0222] Embodiment 33. The method of embodiment 8, wherein the polymaorphic sits{s) is
predictive of a disgase risk.

[0223] Embaodiment 34. The method of embodiment 6, wherein the polymorphic sife(s) is
predictive of a carrier status for a diseass.

{0224} Embodiment 35, The method of embodiment 6, wherein the polymorphic site(s) is

predictive of a carrier status for a genetic trait.

[0225] Embodiment 36, The method of embodiment 6, wherein the polymorphic site(s) iz

predictive of a response 1o drug treatment.

[0228] Embodiment 37. The method of embodimeant 37, wherein the response to drug
iraatment is selected from the group consisting of Abacavir Hypersensitivity, Risk of

-sophageal Cancsr in response 1o alcohol consumption and smoking, Antidepressant

Tt

{

Response, Beta-Blocker Response, Caffeine Metabolism, Clopidogrel (Plavix®) Efficacy,

Floxaciilin Toxicity, Fluorowracit Toxicity, Heroin Addiction, Lumiracoxily (Prexige®) Side

i

ffecls, Metformin Rsesponse, Naltrexone Treatment Responss, Risk of Venous
Thrombosmbolism in response o oral contraceptives and hormons raplacement therapy,
Postoperative Nausea and Vomiting (PONV}, Psaudocholinesterase Deficiency, Response
to Hepatitis C Treatment, Response to interferon Beta Therapy, Siatin Response, and
Warfarin (Coumadin®) Sensitivity.

(02277 Embodiment 38. The method of embodiment 1 or 4, wherein the polvnuclentide
sequence(s) is predictive of a phylogenetic domain.

[0228] Embodiment 33. The method of embediment 1 or 4, wherein the polynucieotide
sequence(s) is predictive of a phylogenstic kingdom.

[0228] FEmbodiment 40, The method of ambodiment 1 or 4, wherein the polynucleotide

sequence(s) is predictive of a phylogenetic phylum.

0230] Embodiment 41, The method of embodiment 1 or 4, wherain the polynuclectide

sequence(s) is predictive of a phylogenelic class.

5

(02311 Embodiment 42. The method of embodiment 1 or 4, wherain the polynuciectide

sequence(s) is predictive of a phylogenetic order,
[0232] Embodiment 43. The method of embodiment 1 or 4, wherein the polynucisctide
sequence(s) is pradictive of a phylogenetic family.
[0233] Embodiment 44. The method of embodiment 1 or 4, wherein the polynucisotide

sequence(s) is predictive of a phylogenetic genus.
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{02347 Embodiment 45. The method of embodiment 1 or 4, wherein the polynuclentide
sequence(s) is predictive of a phylogenstic speciss.

[0235] Embodiment 46, A polynuclectide dstection reagent for delecling a target
polynuciectide comprising: an probe oligonuciectide with a melting temperature Tm1,
cornprising 2 regulatory sequence and a nucleolide tag recognition sequence; and a
reguiatory oligonucleotide with a melting temperature Tm2, comprising a sequence segment
that is at least partially complementary to the reguiatory sequence, wherein Tm1 and Tm2
arg higher than a yielding annealing temperature associaled with a reaction ampiifying the
polynuciectide and the signal associated with ths probe oligonuclectide is dependent on its
rescue from the regulatory nucleoctide.

[0238] Embodiment 47. The reagent of embodiment 43, wherein the reaction amplifying
the polynucleotide is PCR.

[0237) Embodimant 48 The reagent of embodiment 46, wherein the probe
oligonucleotide and the regulatory oligonucieotide are labeled at complementary sites.

{0238] Embodiment 48. The reagent of embodiment 46, for delecting a plurality of
poiynucleotides, further comprising & pluraility of probe oligonuclectides, with different
nuclectide tag recognition sequences identifiably paired with different regulatory sequences;
and a plurality of regulatory oligonuclectides, wherein a portion of the regulatory
oligonucleotides preferentially hybridizes to one of the regulatory seguencas.

[02339] Embodiment 50 The reagent of embodiment 49, whersin the nucleotide lag
recognition ssquences preferentially hybridize with a nucleotide tag encoding a target
nuclectide sequence on a arget polynuclectide

[0240] Embodiment 51. The reagent of embodiment 50, wherein the relative abundance
of the target nucleotide ssquences ars defermined.

[0241] Embodiment 52 The rsagent of embodiment 48 or 48, whersin the fargst
polvnuclectide sequence(s) comprises at least one polymorphic site.

[0242] Embodiment 53. The reagent of embodiment 45, wharein the polymorphic site is
located within the target nuclectide sequence.

[0243] Embodiment 54, The reagsnt of embodiment 52, wherein the polymorphism
comprises a point mutation.

[0244] Embodiment 55, The reagent of embodiment 52, wherain the polymorphism
comprises an insertion.

[0245] Embodiment 56, The reagent of embaodiment 52, wherein the polymorphism
comprises a delstion.

0248

spans more than one nucleotide.

Embaodiment 57. The reagent of ermnbodiment 55 or 56, wherein the polymaorphism

[ty
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[02471 Embodiment 58, The reagsnt of embodiment 48, wherain when the reguiatory
oligonucleotide is aligned with the reguiatory sequence on the probe oligonuclectide, the
regulatory oligonuclectide comprises a completely uncomplementary auxiliary sequence
seament.

[0248] Embodiment 59, The reagent of embodiment 46 or 47, wherein the signal is
detectad

[0248] Embodiment 66. A system for detecling a target polynucieotide with a {argst
nuclectide sequence comprising: an probe oligonuclectide, comprising a regulatory
seqguence and a nucleotids tag recognition sequence, with a meiting temperature Tm1,; a
regulatory oligonucieotids, comprising a2 sequence segment thal is at least partially
complementary to the reguistory sequence, with a molting temperature Tm2; wherein Tm
and Tm2 are higher than a yielding annealing temperature associated with a reaction
amplifying the polynuclectide, whersin the probe oligonucleotide is incorporated into the
polynuciectide in 2 polynuclectide amplification reaction, and wherein the signal associated
with the probe cligonuciectide is dependent on its rescue from the regulatory nucieotide; and
a detector oparably disposead to acguire the signal associated with the probe oligonuclectide.
[0280] Embodiment 81, The system of embodiment 80, wherain the polynuclectide
arnplification reaction is performed by thermal cycling.

[0281] Embodiment 82. The system of embodiment 81, wherein a thermal cycler is
opsrably dispesad to thermally cycie the contents of the reaction.

[0252] Embodiment 83. The system of embodiment 80, whersin reagents for an
ampiification reaction are provided,

[02583] I is understood that the invention is not limited to the particular methodology,
protocols, and reagents, efc., described herein, as these can be varied by the skilled artisan.
it is alse understood that the terminology used herein is used for the purpose of describing
particular illustrative embodiments only, and is not infended {o limit the scope of the
invention. The embodiments of the invention and the various features and advaniagsous
details thereof are explained more fully with reference 0 the nen-limiting embodiments and
examples that are describad andfor illustrated in the accompanying drawings and detailed in
the following description. It should be noted that the features iliusirated in the drawings are
rot necessarily drawn to scale, and features of one embodiment may be employed with
other embodiments as the skilled artisan would recognize, aven if not explicitly stated herein.
Descriptions of well-known components and processing techniques may be omiited so gs o

not unnecassarily chscurs the embodiments of the invention.
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Claims

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

a) 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 the regulatory sequence does not hybridize to the nucleotide tag sequence,
and wherein said probe oligonucleotide comprises a first label and has a melting temperature Tm1;

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

wherein the PCR amplification reaction is carried out in the presence of a regulatory
oligonucleotide comprising a sequence segment that is complementary to the regulatory sequence,
wherein the regulatory oligonucieotide does not hybridize to the nucleotide tag recognition sequence, and
wherein said regulatory oligonucleotide comprises a second label and has a melting temperature Tm2; and

d) detecting the product of the PCR amplification reaction;

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

wherein Tm1 and Tm2 are both higher than Ta.

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

tagged target nucleic acid sequence using a PCR reaction.

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

complementary to the nucleotide tag sequence.

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

segment that is exactly complementary to the regulatory sequence.

5. The method of claim 4 wherein the regulatory oligonucleotide has a length in the range of
15-45 nucleotides.

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

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

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

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

(Ta).

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

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

volume greater than 500 nL.

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

multiwell plate comprising 96-1536 wells.

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

reaction volume less than 100 nL.

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

microfluidic device.

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

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

cycles at the annealing temperature (Ta).

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

63



19. The method of claim 9 wherein Tm2 is at least 10°C higher than the annealing

temperature (Ta).

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

volume greater than 1 uL.

21. A kit comprising:

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

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

c) a reverse primer;

d) a first probe oligonucleotide comprising (i) a first nucleotide tag recognition sequence
complementary to the first nucleotide tag sequence and (i) a first regulatory sequence 5° to the first
nucleotide tag recognition sequence, wherein the regulatory sequence does not hybridize to the nucleotide
tag sequence, wherein the first probe oligonucleotide comprises a first label and has a melting temperature
Tml;

e) a first regulatory oligonucleotide comprising a first sequence segment that is complementary to
the first regulatory sequence, wherein the regulatory oligonucleotide does not hybridize to the nucleotide
tag recognition sequence, wherein the first regulatory oligonucleotide comprises a second label and has a
melting temperature Tm?2;

f) a second probe oligonucleotide comprising (i) a second nucleotide tag recoguition sequence
complementary to the second nucleotide tag sequence and (ii) a second regulatory sequence 5’ to the
second nucleotide tag recognition sequence, wherein the regulatory sequence does not hybridize to the
nucleotide tag sequence, wherein the second probe oligonucleotide comprises a third label and has a
melting temperature Tm3; and

g) a second regulatory oligonucleotide comprising a second sequence segment that is
complementary to the second regulatory sequence, wherein the regulatory oligonucleotide does not
hybridize to the nucleotide tag recognition sequence, wherein the second regulatory oligonucleotide
comprises a fourth label and has a melting temperature Tm4,

wherein Tml, Tm2, Tm3, and Tm4 are higher than an annealing temperature Ta of a PCR
amplification reaction.
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22. A PCR amplification reaction mixture comprising:

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

b) a first probe oligonucleotide comprising (i) a first nucleotide tag recognition sequence
complementary to the first nucleotide tag sequence and (ii} a first regulatory sequence 5’ to the first
nucleotide tag recognition sequence, wherein the regulatory sequence does not hybridize to the nucleotide
tag sequence, wherein the first probe oligonucleotide comprises a first label and has a melting temperature
Tmli;

c) a first regulatory oligonucleotide comprising a first sequence segment that is complementary to
the first regulatory sequence, wherein the regulatory oligonucleqtide does not hybridize to the nucleotide
tag recognition sequence, wherein the first regulatory oligonucleotide comprises a second label and has a
melting temperature Tm?2;

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

e) a sccond probe oligonucleotide comprising {i) a second nucleotide tag recoguition sequence
complementary to the second nucleotide tag sequence and (ii) a second regulatory sequence 5’ to the
second nucleotide tag recognition sequence, wherein the regulatory sequence does not hybridize to the
nucleotide tag sequence, wherein the second probe oligonucleotide comprises a third label and has a
melting temperature Tm3; and

f} a second regulatory oligonucleotide comprising a second sequence segment that is
complementary to the second regulatory sequence, wherein the regulatory oligonucieotide does not
hybridize to the nucleotide tag recognition sequence, wherein the second regulatory oligonucleotide
comprises a fourth label and has a melting temperature Tm4,

wherein the PCR amplification reaction mixture possesses an annealing temperature Ta, wherein
the first label and the second label constitute a first fluorescent reporter/quencher pair, wherein the third
label and the fourth label constitute a second fluorescent reporter/quencher pair, and wherein Tml, Tm2,
Tm3, and Tm4 are higher than Ta.

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

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

in the range of 60°C-62°C.

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

27. The method of claim 1, further comprising detecting a second target nucleotide sequence,
wherein the second target nucleotide sequence is different from the target nucleotide sequence of claim 1

by a single nucleotide polymorphism (SNP).

28. The method of claim 27, wherein step a) further comprises tagging the second target
nucleotide sequence with a second nucleotide fag sequence, wherein the second nucleotide sequence is

different from the nucleotide tag sequence of claim 1.

29. ‘The method of claim 27, further comprising detecting the second target nucleotide
sequence using a probe oligonucleotide/regulatory oligonucleotide pair specific for the second nucleotide
tag sequence and comprising a second reporter/quencher pair, wherein the second reporter/quencher pair

is distinguishable from the reporter/quencher pair of claim 1.
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