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ABSTRACT

Homogenous detection during or following PCR amplification, preferably LATE-
PCR, utilizing fluorescent DNA dye and indirectly excitable labeled primers and probes,
improves reproducibility and quantification. Low-temperature homogeneous detection
during or following non-symmetric PCR amplification, preferably LATE-PCR, utilizing
fluorescent DNA dye and indirectly excitable labeled mismatch-tolerant probes permits
analysis of complex targets. Sequencing sample preparation methods following LATE-PCR

amplifications reduce complexity and permit “single-tube” processing.
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PRIMERS, PROBES AND METHODS FOR NUCLEIC ACID
' AMPLIFICATION

TECHNICAL FIELD

ThlS invention relates to nucleic acid amplification reactlons mcludmg
amphﬁcatlons utilizing the polymerase chain reaction, and assays utilizing such

reactlons in combination with sequencmg and hybndization probe detectron methods
BACKGROUND

Nucleic acid amphﬁcatlon techniques and assays are well Lnown Some

amplification reactions are 1sothermal, such as nucleic acid sequence based

- amplification (INASBA). Others employ thermal -,cycllng, such as the polymerase

chain reaction (PCR). Preferred amplification assays employing fluorescence - )

detection of amplified product are homogeneous, that s, 'they:do not requlre the - |

thsical separation of reagents to permit detection (for example, separation of bound
probes from unbound probes) and can be performed In a single closed vessel Such
assays may be end-pomt wherem product is detected after amphﬁcatlon, or they may

be real-tlrne wherein product is detected as amphﬁcatlon proceeds

Nucleic acid amplification and assays employmg PCR are dcscnbed for
example, in U.S. Patents 4,683,202, 4, 683 195 and 4,965,188, and, generally, PCR
PROTOCOLS, a guide to Methods and Apphcatrons Innis et al eds. Academrc Press
(San Diego, CA (USA) 1990). Homogeneous PCR assays, 1_ncludmg real-time : ,assays,_ =
in which amplified product is detected during _SOrne or all of the PCR cycles as the |
reaction proceeds are described, for example,‘irr U.S. Patents 5,994,056, 5,487,972, ;
5,925,517 and 6,150,097,

PCR amplification reactions generally are designed to be symmetric, that is, to

make double-stranded amplicons exponentially by utilizing forward primer and
reverse primer in equimolar concentrations and equal melting temperatures (Tp’s). A
technique that has found limited use for making single-stranded DNA directly in a
PCR reaction 1s “asymmetric PCR.” Gyllensten and Erlich, “Generation of Single-
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Stranded DNA by the Polymerase Chain Reaction and Its Application to Direct
Sequencing of the HLA-DQA Locus,” Proc. Natl. Acad. Sci. (USA) 85: 7652-7656
(1988); and U.S. Patent 5,006,584. Asymmetric PCR 1s a non-symmetric PCR
amplification method that differs from symmeiric PCR in that one of the primers 1s

diluted fivefold to one hundredfold so as to be present in Iimiting amount of 1-20
percent of the concentration of the other primer. As a consequence, the amplification
consists of an exponential phase in which both primers are extended, generating
double-stranded product, or amplicon, followed by a linear amplification in which

only one primer remains, generating single-stranded amplicon.

More recently we have developed a non-symmetric PCR amplification method
known as “Linear-After-The-Exponential” PCR or, for short, “LATE-PCR.” LATE-
PCR is a non-symmetric PCR amplification consisting of an exponential phase in
which both primers are annealed and extended followed by a linear phase after
exhaustion of the Limiting Primer, when only the Excess Primer 1s annealed and
extended. See Sanchez et al. (2004) Proc. Natl. Acad. Sci. (USA) 101: 1933-1938,
published international patent application WO 03/054233 (3 July 2003), and Pierce et
al. (2005) Proc. Natl. Acad. Sci (USA) 102: 8609-8614 . '

A convenient and inexpensive method for monitoring double—stfanded
amplicon production in a PCR amplification is to use a dye that fluoresces upon
intercalating into or otherwise interacting with double-stranded DNA, such as SYBR
Green I or SYBR Gold. See, for example, U.S. Patent 5,994,056. Melting
temperature analysis of amplicons performed either in real time during a PCR
amplification or performed after amplification 1s used for product identification. One
problem with utilizing such melfing temperature analysis is that dye fluorescence is a
function of amplicon size. Another problem is that dyes redistribute from
amplification products, or amplicons, having low melting temperatures to amplicons
having higher melting temperatures during analysis, thereby distorting results. Two
approaches to solve these problems have been advanced. One approach, G
quenching, imposes severe restrictions on primer design and causes large background

fluorescence (Crockett AO, Wittwer CT. “Fluorescein-Labeled Oligonucleotides for
2
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Real-Time PCR: Using the Inherent Quenching of Deoxyguanosine Nucleotides™
Anal. Biochem. 290:89-97 (2001)). The other, replacing SYBR dyes with LC Green
dye, yields very smallpercentage of signal for sequences not present n abundance
and requires highly speciatized software and hardware (Wittwer et al. High-
Resolution Genotypin'g by Amplicon Melting Analysis Using LCGreen,” Clin. Chem.
49:853-860(2003) '

~ Fluorescent-labeled probes are used in homogeneous nucleic acid
amplification assays, including PCR assays, to measure the accumulation of desired
amplicon, either in real time or by end-point analysis. Several available types of
probes are significantly allele-discriminating as compared to linear single-stranded
probes. Real-time probe_s _iuclude'dual—labeled linear probes that are cleaved by 5°-to-
3’ exonuctease activity of DNA polymerase during tbe extension step of a PCR cycle
(see US patents 5,,210,015., _5,487,972 and 5,538,848); molecular beacon probes (see
U.S. patents 5,925,517, 6,103,476 and.6,365,729); minor groove binding probes (see
Afonina et al. “Minor Groove ;Binderf-Conj ugated DNA Probes for Quantitative DNA

_ Detection by Hybridization-Triggered Fluorescence ”? Biotechniques 32: 946-949
(2002)); lmear probe pairs that FRET when hybndlzed adjacently on a target strand;

quenched double-stranded linear probes for Wthh a target competes to hybndlze to
the labeled probe strand (see L1, Q. et al. (2002) Nucl Acid. Res. 30 e5); and so-
called “hght up probes Wthh are pept1de DUCICIC acid (PNA) ohgomers linked to an
asymmetnc cyamne dye that fluoresces when the probe binds to target to form a
double-stranded region. For LATE-PCR we have utlhzed low-temperature allele-
drscnmmatlng probes such as low temperature molecular beacon probes (See WO
03/045233) Labeled ollgonucleotrde probes may be attached to pnmers by linkers
such that dunng Mphﬁcatlon the probes are not copied but are ﬁ'ee to hybrldlze to a
target sequence resultmg from extension of the primer. Examples are Scorptons®
primers to which are attached molecular beacon probes and Anglers@ primers to
which are attached ﬂuorOphore-lab eled linear probes Lee, M.A. et al. (2002)
Analytlca Clinica Acta 457: 61: ’70 Wlutcombe D. et al. (1999), Nature

Biotechnolo gy 17: 804-807. The probe portion of such compos1te structures, which

carries the fluorescent label, hybridizes separately from the primer portiou. They are,
. . .
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thus, labeled probes and not labeled primers, as those terms are used herein. Target-
specific probes lack the capacity to monitor total production of double-stranded

products, however.

Certain probes are mismatch-tolerant. Mismatch-tolerant probes hybridize
with and generate detectable signal for more than one target sequence at a detection
temperature in an assay, and various hybrids so formed will have different meltrng
points. Lrnear or random coil, single-stranded probes are generally mismatch
tolerant. Examples of such probes are linear probes with an internal fluorescent
moiety whose level of fluorescence increases upon hybridization to one or another
target strand; ﬂuorescently labeled linear probes used in combination w1th SYBR
Gold and SYBR Green I dyes such that ﬂuorescence of the label occurs by FRET
ﬁom the dye when the probe hybndlzes to one or another target (see U.S. patent
pubhcatlon US 2002/01 19450 28 August 2002), so-called “sloppy beacons”, and
vanatmns of linear probe pairs that FRET (see U.S. patent 6,472,156). '

Utlhzmg multrple probes that each bind only to one possrble target amplicon
generated in an amplification reaction creates a problem for analyzing complicated
reaction rmxtures or for ‘detect'ing one or a few targets from among numMerous Jpo ssible
targets Available ﬂuorescence detection perrruts resolution of a limited number of
ﬂuorophores generally no more than eight. Limited multiplexing is possrble for
example by designing a different allele-dlscnmmatmg molecular beacon probe for
each target and labehng each probe drfferenually (See, for exarnple Tyag1 et al
(2000) Nature Blotechnology 18: 1191- 1196) Mixtures of allele-d1scr1n11natmg
probes each comprising aliquots of rnultlple colors extends the number of probe

s1gnatures and works well if only one of many (at least up to 56) targets is actually

'present but it encounters ambi guous results if more than one target is present.

There are many srtuatrons that involve conrplex targets or one arnong many
poss1b1c targets Several schemes have been developed or proposed for such.
51tuatlons but all have serious drawbacks and limitations. Tyagi et al. pubhshed
1nternatronal patent application WO 01/3 1062, have described a technique sometimes

referred to as “sloppy beacons,” which are molecular beacon probes that have long

4



10

15

20

25

30

CA 02855748 2014-07-04

loop sequences, rendering them mismatch tolerant and able to bind to some extent to
multiple targets at the annealing temperature of a PCR amplification reaction. Such
probes suffer from poor reaction kinetics against mismatched targets and are likely to
remain hybridized to perfectly matched targets at the extension temperature of a PCR
amplification and be cleaved by Taq DNA polymerase. Further, only an 1ndirect
indication of melting temperatures of probe-target hybrids under the assay conditions
is obtained, and that assumes equilibrium has been achieved. Real-time multiplexing
in symmetnc PCR amplifications with FRET probes has been described. In order not
to interfere with amplification, the melting temperatures of all probe-target hybrids
are constrained to be in the narrow temperature range between the primer annealing
temperaturc and the primer extensmn temperature. Also, that scheme is not
quantltatlve Post-amphﬁcatlon multlplobe assays employing FRET probes of
different colors have been disclosed Wittwer et al., “Real-Time Multiplex PCR |
Assays, Methods” 25:430-442 (2001). The reaction mixture; folloMng é symmetric
PCR amplification is rapidly chilled, then slowly heated to determine melting curves
for the various fluorophores present. This approach is not quantitative. In addition,
because of large scatter among replicate symmetric PCR amplifications, end-point

assays in general tend to be only qualitative.

Sequencing reaction pro ducts provides an alternative to probing. Traditional

-dideoxy sequencing may utilize products of arnplification reactions, such as

symmetric PCR or LATE—PCR as starhng materials for cycle sequencing. Anmhﬁed
product is purified utﬂxzmg ethanol pr601p1tat10n or an afﬁmty column to remove
leftover dNTPs and primers, subjected to a cyclc sequencing reaction utlhzmg one
sequencmg primer and fluorescently labeled dldeoxy nucleotldes and subjected to
caplllary gel electmphoresm “Pyrosequencmg 1S a real-tlme 1sothermal sequence-
by-synthesm method known in the art. If exponential amphﬁcanon methods, for
example PCR, are used in the preparatlon of starting material for Pyrosequencing,
amplified product must be cleaned up by isolation of single-stranded produc't'as well
as removal of dNTPs, pyro‘phosphate and uniﬁoorporafed primers from the

amplification reaction. LATE-PCR simplifies sample preparation, because it
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generates primarily single-stranded product, but it does not in and of itself eliminate

the need to clean-up the product.

An aspect of this invention is methods for homogeneous detection of reaction
products of amphﬁcatlon react1ons temperature cycling or isothermal, utilizing the
detection of ﬂuorescence frorn ﬂuorophore-labeled linear ohgonucleotrde pnmers
excited mdrrectly ) excmng a DNA ﬂuorescent dye such as SYBR Green Ior,
preferably, SYBR Gold Such dyes become fluor escent when they associate with
double- tranded DNA, into whrch they are reported to mtercalate The foregomg
methods may be performed in real trme or following the amphﬁcatron reaction, either
by reading ﬂuorescence at a detectlon telnperature (end-pornt detectlon) or by
ascertaining changes In ﬂuorescence as a function of temperature by post- |
amplification melting analysis. Asa reaction mixture is heated through the melting
temperatures of various reaction products ﬂuorescence decreases progressively as

various amplicons contalmng a particular ﬂuorophore-oontalmng primer reach their

- melting temperatures and become single-stranded. Preferred methods include

calculating the ratio of primer signal to dye signal.
‘A’ho‘ther aspect of this invention is reagent kits that include both DNA
fluorescents dye and at least one such labeled primer, preferably as part of a primer

pair, and optionally amplification reagents.

Yet other aspects of tlus mventlon are homo geneous methods for detecting

reactron products of LATE-P CR reactlons ernploymg a low temperature detCCtIOIl

step. Certam embodiments compnse 1nclud1ng in the reaction mixture at least one
allele-drscnmmatmg probc accordlng to thls mventlon, narncly, a quenched double-
stranded probe generally of the type descnbed by L1, Q. et al. (2002) Nucl. A01ds Res.
30: e5 except that it is a low temperature (Low-T or Super-Low Tm) target-spe01ﬁc
probe and that it is excited mdnectly by exciting a DNA fluorescent dye intercalated
into the probe—target hybnd such as, preferably, SYBR Gold. Other embodiments
comprise includin g 1n the reaction rmxture at least one 1nd.1rect1y exmtable mismatch-
tolerant probe according to this invention, namely, a quenched single-stranded probe

generally of the type descnbed by Lee and Furst United States published patent

6
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application Pub. No. US 2002/0119450 except that is a quenched low-temperature
probe. These various methods include exciting the dye during the low-terhperature
detection steps of a LATE-PCR amplification and detecting fluorescence from the
probes under these conditions to provide a measure of the target single-stranded
sequence. Particular embodiments may further include measuring the total amount of
double-stranded product(s) in the reaction mixture by detecting dye fluorescence,
preferably during or at the end of the ¢ktensi6n step of PCR cycles while the ' |
temperature of the reaction Imxture 1s above the melting temperatur.e(s)'of the prob es.
Certain ﬁreferred methods include calculating the ratio of probe si gﬁal to dye signal.
In the case of replicafel Samples, such ratio coﬁects for differénces ainoﬁg repiiéate

samples in amplification yields known to occur in PCR ampliﬁcaﬁons.

Other aspects of this invention are such low-temperature allele-discriminating
and quenched mismatch-tolerant probes, LATE-PCR kits that include at least one
such low-temperature target-specific probe together with amplification reagents and
preferably the fluorescent DNA dye; and oligonucleotide sets comprising LATE-PCR

primers and at least one such probe.

Other aspects of this invention are homogeneous detection methods for use
when multiple amplicons are present or may be present, such method comprising
including in a LATE-PCR amplification reaction mixture one or more low-
temperature mismatch-tolerant detection probes that, because of their low T,,, do not
interfere with amp ;liﬁcatioh and are not hydr0le ed (cut) by a DNA polymerase
héving 5.3 exonudéééé activity, and that emit a fluorescent si gnal when hybﬁdized
and excited, either dii'eCtly by a Suitable excifation source or indirectly by a
fluorescent DNA dye that is 'eXcited by a suitable excitation source. Such methods
include single-pi'obc asgays and mul.tiplé-probe‘assays for ap'plications such as
genotyping. More than one probe may be labeled with the same ﬂuorOphore, in
which event discrimination relies on chang_e in fluorescence with temperature, just as
when a single probe is used. Probes may be labeled with different fluorophores, in
which event color difference is also used for discrimination. Discrimination among
targets for purposes of identification and quantiﬁcation may include fluorescence

ratios between fluorophores at the same or different temperatures, as well as
7
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fluorophore-to-dye ratios. Detection is preferably perft)rmed during the amplification
(real time) and more preferably during a low-temperature detection step included in a
LATE-PCR amplification protocol, and the detection step-may include detection at
multiple temperatures. Yet another aspect of this invention is a single-stranded linear
probe useful in such detection methods, such probezbeing of the type described in
U.S. patent application publication U.S. 2002/0119450 (29 August 2002), that is, a
probe excited by the fluorescence emission from a fluorescent DNA dye, except that it
is a low-temperature (Low-Ty, or Super-Low-T},) probe, is mismatch-tolerant, and
includes a quenching moiety that quenches the fluorescence, which otherwise would

result from secondary structure of at low temperature.

Another aspect of this invention is an ainpliﬁcatiOn-through-sequencing
method that permits the product of a LATE-PCR amplification to be prepared for
pyrosequencing in the amplification reaction chamber, vessel, well, slide or container,
a “single-tube” op eration, which may be utilized with LATE-PCR amplifications
performed in small volumes, preferably 17 ul or less. ' |

‘Another aspect of this invention is a method for preparing LATE-PCR
products for dideoxy sequencing utilizing only post-amplification aqueous dilution of
amplification reaction mixtures, which may be performed as a “single-tube”
operation. . : |

SUMMARY

In this application references are made to melting temperatures, Ty, of nucleic

acld primers, probes and amplicons. T, meaus the temperature at which half of the

subject material exists in double-stranded form and the remainder is single stranded.
Geﬁérally, ex:cept' for LATE-PCR, the Ty, of a primer 1s a calculated value using either
the ‘.‘%GC” method (Wetmar, J.G (1991) “DNA Probes: 'Applications. of the Principles
of Nucleic .Acid Hybridization,” Crit. Rev. Biochem. Mol. Biol. 26: 227-259)or the
“2(A+T) plus 4(G+C)” method, both of which are well known, at a standard condition
of primer and salt concentration. LATE-PCR, however, takes into account the actual
primér .\m'elt:ing temperaﬁirés in a p.art'icul'ar. reaction, takmg into account primer
concentrations at the start of amplification. See Sanchez et al. (2004) PNAS (USA)

8
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101: 1933-1938, and Pierce et al. (2005) Proc. Natl. Acad. Sci (USA) 102: 8609-
8614.

In this application we refer to such a concentration-adjusted melting
temperature at the start of amplification as Ty, which c‘an be determined
empirically, as is necessary when non-natural nucleotides are used, or calculated
according to the “nearest neighbor” method (Santa Lucia, J. (1998), PNAS (USA) 95:
1460-1465; and Allawi, H.T. and Santa Lucia, J. (1997), Biochem. 36: 10581-10594)
using a salt concentration adjustment, which in the examples below was 0.07 M
monovalent cation concentration. LATE-PCR may also take into account the melting
temperature of the amplicon, which is calculated utilizing the formula; T,, = 81.5 +
0.41 (“%G+%C) — 500/L + 16.6 log [M]/(1 + 0.7 [M]), where L is the length in
nucleotides and [M] is the molar concentration of monovalent cations. Melting
temperatures of linear, or random-coil, probes are calculated as for primers. Melting
tempefatures of structured probes, for example molecular beacon probes, can be

determined empirically.

As used in this application, “LATE-PCR” means a non-symmetric DNA
a_mpli,ﬁcaﬁon employing the polymerase chain reaction (PCR) process utilizing one
oligoxiucleotide primer (the “Excess Primer”) in af least five-fold excess with respect
to the other primer (the “Limiting Primer”), which itself is utilized at low
concentration, up to 200 nM, so as to be exhausted in roughly sufficient PCR cycles to
produce fluorescently detectable double-stranded amplicon, wherein the
concentration-adjusted melting temperature of the Limiting Primer at the start of
amplification, Tr)", is not more than 5 °C below the concentration-adjusted melting
temperature of the Excess Primer at the start of amplification, Tpo;~, preferably at
least as high and more preferébly 3-10 °C higher; and wherein thermal cycling is
continued for multiple cycles after exhaustion of the Limiting Primer to prdduée
‘single-stranded product, namely, the extension product of the Excess Primer,

sometimes referred to as the “Excess Primer Strand”.

Primers and probes of this invention or useful in methods and kits of this

invention are oligonucleotides in the broad sense, by which is meant that they may be

9
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DNA, RNA, mixtures of DNA and RNA, and they may include non-natural
nucleotides (for example, 2’ o-methyl ribonucleotides) and non-natural internucleotide
linkages (for example, phosphorothioate linkages). Both priméfs and probes function
in part by hybridizing to a sequence of interest in a reaction mixture. A primer is a
single-stranded oligonucleotide that can hybridize to its complementary sequ'ence‘ at
the primer annealing temperature of an amplification reaction and be extended at its 3’
end by a DNA polymerase. A primer of this invention is a primer that s.ignals
hybridization of its priming sequence by means of a fluorophore that is indirectly

excitable. A probe of this invention or useful in methods and kits of this invention is

‘or includes a single-stranded oligonucleotide that can hybridize to its intended target

sequence (or sequences) at the detection temperature (or temperatures) in or following

- an amplification reaction and fluorescently signal that hybridization event by means

- of a fluorophore that 1s indirectly excitable. As used herein a “probe’ is not extended

in the amplification reaction by a DNA polymerase. Probes that are very specific for
a perfectly complementary target sequence and strongly reject closely related
sequences having one or a few mismatched bases are “allele discriminating.” Probes
that hybridize under at least one applicable detection condition not only to perfectly
compiementafy sequences but also to partially complementary sequences having one

or more mismatched bases are “mismatch tolerant” probes.

“Fluorescent DNA dye” as ilsed herein means a composition, for example -
SYBR Green I or SYBR Gold, that becomes fluorescently excitable when it
associates with double-stranded DNA. It has been reported that fluorescent DNA
dyes intercalate into double-stranded DNA, but we do not wish to be bound by any

theory of operation.

Primers of this invention are used in conjunction with a fluorescent DNA dye
and are linear single-stranded oligonucleotides labeled with a fluorophore that is
indirectly excitable, that 1s, when the primer hybridizes to a template strand in the

reaction mixture to form a region of double-stranded DNA, and light (usually but not
necessarily visible light) of a wavelength that excites, or is absorbed by, the DNA

fluorescent dye but not the fluorophore is shone on the sample, the fluorophore emits.

It has been reported that energy transfers from a fluorescent DNA dye to a nearby
10
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fluorophore by fluorescence resonance energy transfer (FRET), but we do not wish to
be bound by any theory of operation. We refer to a fluorophore that emits in this
circumstance as a fluorophore that is “indirectly excited.” Probes of this invention
are likewise used in conjunction with a fluorescent dye that binds to double-stranded
DNA (a “fluorescent DNA dye”) and labeled with such an indirectly excitable
ﬂuorophqre suCh. that when the probe hybridizes to a target strand in the reaction

mixture and the dye is excited, the fluorophore emits.

As used heremn “kt” means 'a collection of reagents for performing an
amplification or assay. A kit may be “complete”, that is, include all reagents needed
for all steps of an amplification or amplification-detection. Altematively a kit may be
“partial”, omitting certain reagents needed for those operations. Both complete and
partial kits of this invention may additionally include reagents for sample preparation,
such as nucleic acid isolation and reverse transcription. Sequencing may involve two
kits, for example, a complete LATE-PCR amplification kit and a complete cycle

sequencing kit, or the two may be combined into a single kit. -

As used herein an “oligonucleotide set” means a collection of primers or

primers and probes for performing an ampliﬁCation or assay. For sequencing an

‘oligonucleotide set may include, for example, Limiting Primer and Excess Primer for

a LATE-PCR amplification and one or more additional sequencing primers for cycle
sequencing. For a hybridization probe assay an oligonucleotide set may include, for
example, Limiting Primer and Excess Primer for a LATE-PCR amplification and at

least one fluorophore-labeled hybridization probe.

As used herein a “single-tube” method means a series of at least two
operations, for example, sample preparation, amplification or sequencing, that can be
performed without transferring the sample from one container, be it a test tube, a
reaction well, a chamber in a microfluidics device, a glass slide, or any other

apparatus capable of holding a reaction mixture, to another container.

Probes that have low melting temperatures (that is, probes that form probe-
target hybrids having low melting temperatures) can be added to 'anlpliﬁcation

reaction mixtures prior to the start of amplification and utilized only when desired.

11
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By keeping temperatures above the melting temperature of a probe during all or
portions of an amplification reaction, the probe is kept from hybridizing to its target
and possibly reducing the efficiency of the reaction. Certain embodiments of LATE-
PCR assays utilize low temperature probes. As used herein, “Low-T,, probe” means a
hybridization probe that has a concentration-adjusted melting temperature at the start
of amplification, Tmo), at least 5 °C below the Tryo) of the Limiting Primer in a LATE-
PCR assay; and a “Super-Low-T,, probe” means a hybridization probe that has a Tmjo)
that is at least 5 °C below the mean primer annealing temperature of the exponential
phase of a LATE-PCR reaction. We frequently add probes to LATE-PCR reactions at
I micromolar (M) concentration. Therefore, when designing probes, we sometimes
utilize a nominal T calculated as described earlier but utilizing a norninal '
concentration of 1 pM. Most Low-T,, and Super-Low-T, probes have a Tm[o]
calculated at 1 UM conceritration in the range of 30- 55 °C.

* Detection utIIIZIIlg Iow temperature probes requrres low temperature detectlon,
wherem the temperature of the probe-target rmxture 1S lowered suﬁcrently for
ﬂuorescently labeled probes to hybndlze and 51gna1 This can be done at the
conclusion of amphﬁcatlon (end point) orin a post-amphﬁcatron meltmg analy81s
Altematlvely a low-temperature detection step may be included i m some or all cycles
of the hnear phase of a LATE-PCR amphﬁcatlon for a real-time assay. Preferably
such a step occurs after pnmer extension and before h1 gh-temperature strand meltmg
(or “denaturatlo n”), although it could be mcluded in the pnmer anneahng step A
low-temperature detectl on step in a LATE-PCR assay si gmﬁes a reduot1on In

temperature at least 5 °C below the primer anneahng ternperature

Certain methods according to this mventlon utilize ﬂuorOphore-lab eled
pnmers or hybndlzatlon probes in combmatlon with fluorescent dyes that bind to
double-stranded DNA and include stlrnulatmg a dye at a wavelength that excites the
dye but not the fluorophore(s) and detectmg fluorescence emitted by a ﬂuorophore
stimulated indirectly by this procedure. Some embod1ments of methods accordmg to
this invention include detecting fluorescence ermssmn irom the dye as well. Certain

preferred methods further include calculating the ratio of ﬂuorophore emission to dye

CI]HSSIOIL
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One embodiment of this invention includes adding to a nucleic acid
amplification mixture a fluorescent DNA dye, such as SYBR Green I, or preferably
SYBR Gold, and at least one amplification primer according to this invention, that is,
a linear single-stranded oligonucleotide that is extendable by a DNA polymerase and
that 1s labeled with a fluorophore that is indirectly excitable to signal priming as

‘described above; performing an amplification reaction, preferabty a PCR reaction

(including LATE-PCR), that includes annealing and extending that labeled primer;
and either during the amplification (real-time detection) or following completion of
amplification (either an end-point detection at the conclusion of the amplification
reaction or during a subsequent thermal analysis (melting curve)) exciting the dye and
detecting fluorescence emission from the fluorophore, either alone or in combination
with detecting fluorescence emission from the dye. By appropriate amplification
protocol design, melting analysis of double-stranded products can be included at
desired points in an amphﬁcauon reaction. In this embodiment only pnmers that are
mcorporated into double-stranded DNA will ﬂuoresce Umncorporated primers will
not fluoresce, so there is no need to separate unbound pnmers physmally The method
1s homogeneous. Also, ﬂuorophore €mission comes only from double—stranded
regions of products that mclude a labeled primer, not from alI double-stranded
products. Example 1 below demonstrates these improvements. It shows that Ina
srngle-extensron cycle de31gned to produce mixed extensmn products of vanous
lengths a melting curve based on detection of emissions from the primer’s

fluorophore showed all products, whereas a melting curve based on detectron of

emissions from the dye did not. Exmnple 1 demonstrates also the use of the method

of this embodiment in 1sotherma1 reactlons

- As will be appreciated by a person versed in the art, it is generally important to
correct for fluorescence overlap when a fluorescent DNA dye, for example SYBR
Green I, is used in conjunction with a fluorescently labeled primer or probe that is
excited by FRET from the intercalated dye. This 1s the case because fluorescent DNA
dyes typically emit ligh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>