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template extension reactions, quantitative RT-PCR, Molecu-
lar Beacons, and Invader assays, these are described briefly
below.

[0078] FRET and template extension reactions utilize a
primer labeled with one member of a donor/acceptor pair and
a nucleotide labeled with the other member of the donor/
acceptor pair. Prior to incorporation of the labeled nucleotide
into the primer during an template-dependent extension reac-
tion, the donor and acceptor are spaced far enough apart that
energy transfer cannot occur. However, if the labeled nucle-
otide is incorporated into the primer and the spacing is suffi-
ciently close, then energy transfer occurs and can be detected.
These methods are particularly useful in conducting single
base pair extension reactions in the detection of single nucle-
otide polymorphisms and are described in U.S. Pat. No.
5,945,283 and PCT Publication WO 97/22719.

[0079] Quantitative Real Time PCR. A variety of so-called
“real time amplification” methods or “real time quantitative
PCR” methods can also be used to determine the quantity of
a target nucleic acid present in a sample by measuring the
amount of amplification product formed during or after the
amplification process itself. Fluorogenic nuclease assays are
one specific example of a real time quantitation method which
can be used successfully with the devices described herein.
This method of monitoring the formation of amplification
product involves the continuous measurement of PCR prod-
uct accumulation using a dual-labeled fluorogenic oligo-
nucleotide probe—an approach frequently referred to in the
literature as the “TagMan” method. See U.S. Pat. No. 5,723,
591

[0080] Molecular Beacons: With molecular beacons, a
change in conformation of the probe as it hybridizes to a
complementary region of the amplified product results in the
formation of a detectable signal. The probe itself includes two
sections: one section at the 5' end and the other section at the
3" end. These sections flank the section of the probe that
anneals to the probe binding site and are complementary to
one another. One end section is typically attached to a reporter
dye and the other end section is usually attached to a quencher
dye. In solution, the two end sections can hybridize with each
other to form a hairpin loop. In this conformation, the reporter
and quencher dye are in sufficiently close proximity that
fluorescence from the reporter dye is effectively quenched by
the quencher dye. Hybridized probe, in contrast, results in a
linearized conformation in which the extent of quenching is
decreased. Thus, by monitoring emission changes for the two
dyes, it is possible to indirectly monitor the formation of
amplification product. Probes of this type and methods of
their use are described further, for example, by Piatek et al.,
1998, Nat. Biotechnol. 16:359-63; Tyagi, and Kramer, 1996,
Nat. Biotechnology 14:303-308; and Tyagi, et al., 1998, Nat.
Biotechnol. 16:49-53 (1998).

[0081] Scorpion: The Scorpion detection method is
described, for example, by Thelwell et al. 2000, Nucleic
Acids Research, 28:3752-3761 and Solinas et al., 2001,
“Duplex Scorpion primers in SNP analysis and FRET appli-
cations” Nucleic Acids Research 29:20. Scorpion primers are
fluorogenic PCR primers with a probe element attached at the
5'-end via a PCR stopper. They are used in real-time ampli-
con-specific detection of PCR products in homogeneous
solution. Two different formats are possible, the ‘stem-loop’
format and the ‘duplex’ format. In both cases the probing
mechanism is intramolecular. The basic elements of Scorpi-
ons in all formats are: (i) a PCR primer; (ii) a PCR stopper to
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prevent PCR read-through of the probe element; (iii) a spe-
cific probe sequence; and (iv) a fluorescence detection system
containing at least one fluorophore and quencher. After PCR
extension of the Scorpion primer, the resultant amplicon con-
tains a sequence that is complementary to the probe, which is
rendered single-stranded during the denaturation stage of
each PCR cycle. On cooling, the probe is free to bind to this
complementary sequence, producing an increase in fluores-
cence, as the quencher is no longer in the vicinity of the
fluorophore. The PCR stopper prevents undesirable read-
through of the probe by Taq DNA polymerase.

[0082] Invader: Invader assays (Third Wave Technologies,
Madison, Wis.) are used particularly for SNP genotyping and
utilize an oligonucleotide, designated the signal probe, that is
complementary to the target nucleic acid (DNA or RNA) or
polymorphism site. A second oligonucleotide, designated the
Invader Oligo, contains the same 5' nucleotide sequence, but
the 3' nucleotide sequence contains a nucleotide polymor-
phism. The Invader Oligo interferes with the binding of the
signal probe to the target nucleic acid such that the 5' end of
the signal probe forms a “flap” at the nucleotide containing
the polymorphism. This complex is recognized by a structure
specific endonuclease, called the Cleavase enzyme. Cleavase
cleaves the 5' flap of the nucleotides. The released flap binds
with a third probe bearing FRET labels, thereby forming
another duplex structure recognized by the Cleavase enzyme.
This time the Cleavase enzyme cleaves a fluorophore away
from a quencher and produces a fluorescent signal. For SNP
genotyping, the signal probe will be designed to hybridize
with either the reference (wild type) allele or the variant
(mutant) allele. Unlike PCR, there is a linear amplification of
signal with no amplification of the nucleic acid. Further
details sufficient to guide one of ordinary skill in the art are
provided by, for example, Neri, B. P., et al., Advances in
Nucleic Acid and Protein Analysis 3826:117-125, 2000) and
U.S. Pat. No. 6,706,471.

[0083] Padlock probes: Padlock probes (PLPs) are long
(e.g., about 100 bases) linear oligonucleotides. The
sequences at the 3' and 5' ends of the probe are complemen-
tary to adjacent sequences in the target nucleic acid. In the
central, noncomplementary region of the PLP there is a “tag”
sequence that can be used to identify the specific PLP. The tag
sequence is flanked by universal priming sites, which allow
PCR amplification of the tag. Upon hybridization to the tar-
get, the two ends of the PLP oligonucleotide are brought into
close proximity and can be joined by enzymatic ligation. The
resulting product is a circular probe molecule catenated to the
target DNA strand. Any unligated probes (i.e., probes that did
not hybridize to a target) are removed by the action of an
exonuclease (which may be introduced before or after a pool-
ing step). Hybridization and ligation of a PLP requires that
both end segments recognize the target sequence. In this
manner, PLPs provide extremely specific target recognition.

[0084] Usinguniversal primers, the tag regions of circular-
ized PLPs can be amplified and resulting amplicons detected.
For example, TagMan real time PCR can be carried out to
detect and quantitate the amplicon. The presence and amount
of'amplicon can be correlated with the presence and quantity
of target sequence in the sample. For descriptions of PLPs
see, e.g., Landegren et al., 2003, Padlock and proximity
probes for in situ and array-based analyses: tools for the
post-genomic era, Comparative and Functional Genomics
4:525-30; Nilsson et al., 2006, Analyzing genes using closing
and replicating circles Trends Biotechnol. 24:83-8; Nilsson et



