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TYTLE OF THE INVENTION:
GENOMIC ASSAY

SPECIFICATION
BACKGROUND OF THE INVENTION

1. FIELD OF INVENTION

The invention relates to assays of genomic material, and more particularly to a method
and a kit for detecting duplex, triplex and/or quadruplex hybridization of nucleic acids.

2 DESCRIPTION OF RELATED ART

We have previously disclosed specifically bownd Watson-Crick quadrnplexes and other
specifically bound non-canonical quadruplexes, triplexes and duplexes in, e.g., U.S. PatentNo.
6,656,692 and 1.8, Patent Ne. 6,927,027, Those publications provide ample guidance regarding
the selection of appropriate hybridization conditions to obtain any of the various multiplexes
disclosed therein, including paraliel or antiparallel duplexes, triplexes or quadruplexes binding
in the homologous or Watson-Crick motif. Seealso 1.8, Patent Mo. 6,420,115 to Eriksen et al.,
U.s. -Pateﬁt No. 6,403,313 to Daksis et;ei.l., and copending U.S. Patent Application Puiyiﬁéét%m
Ko, 2004/0180343, published September 16, 2004,

Despite the foregoing developments, it is ’éesired to provide additional means for

_assaying. pucieic amd'-z which axe sensitive, robust and refiable. ki pamcu}ariy desired S

provide methods, and klts for assaymg nuocleic acid sequenceg of penomis samgles Jeig further
desired to provide means for direct detection of nucleic acid sequences in genomic samples
without amplifying the nucleic acid sequences. It is stil} further desired to improve the
sensitivity and more accurately and reliably identify the signal emitted by the binding reactionof
inferest.

Al references cited herein are incorporated herein by reference in their entireties.

BRIEF SUMMARY OF THE INVENTION

Accordingly, the invention provides a method of detecting a nucleic acid sequence in a
genomic sample, said method comprising:

providing the genomic sample comprising a target nucleic acid sequence of a duplex
nucleic acid;

providing a probe cﬂmpmsmg a probe nucleic acid sequence;

providing & hybridization mixture comprising the genomic sample, the probe a

hybridization promoting agent and labels;
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incubating the hybridization mixture to provide an incubated mixture comprising a
complex of the target nucleic acid sequence, the probe and the labels;

irradiating the incubated mixture with radiation effective to stimulats at least some of the
labels to emit energy; and

detecting from a fluorescent signal whether the probe perfectly matches the target nucleic
acid sequence, to thereby detect whether the macleic acid sequence is present in the genomic
sample,

wherein the detecting is completed within sixty minutes of providing the hybridization

mixture, and the method is conducted without denaturing the duplex nucleic acid and without

"PCR amplification of the duplex nucleic acid.

Further provided is a method of defecting a nucleic acid sequence in a genomic sample,
said method comprising:

providing the genomic sample comprising a target nucleic acid sequence of a single
stranded or doubic—stranded nucleac acid; -

providing & probﬂ comptising a probe nuclsic acld sequence;

pravidmg a hybridization mixture comprising the genomic sample, the probe, 4 .-

, hybmdizanon promting. agant and labels;

_ mcuha‘tmg the hyhmdizaﬁon mixture to pmwde an incubated mmtum mmpnsmg a-

‘ Lomplex of the tarszet nuclelc acid sequence, the pr Gbe and the iabels

appiymg energy to fthe incubated zmxmr& 6ffechve to elicli & sxgnaf from the:,
hybridization mixture; and

detecting from the signal whether the probe perfectly matches the target nucleic acid
sequence, to thereby detect whether the nucleic acid sequence is present in the genomic sample,

wherein the defeciing is completed within sixty minutes of providing ofthe hybridization
mixturs, and the method is conducted without denaturing the duplex nucleic acid and without
PCR amplification of the duplex nucleic acid.

Also provided is g Idit Tor practicing the method of the invention.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

The invention will be described in conjumction with the following drawings in which like
reference numerals designaie like elements and wherein:

Figs. 1,2, 3, 4 and 5 are graphs of fluorescent intensity against incubation time showing

the waxing and/or waning of fluorescent intensity over time.
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DETAILED DESCRIPTION OF THE INVENTION

We have previously disclosed the specific binding of a heteropolymeric strand to duplex
nucleic acid and the specific binding of duplex nucleic acid to other duplex nucleic acid. Our
disclosure provides the means by which sequences of bases in naturally ocourring duplexes may
be rendered specifically reactive o a sequence of bases in a third strand while remaining stably
paired in the duplex, a previously unrecognized fact of capital importance. See, e.g., U.S. Patent
No. 6,656,692 and U.S. Patent No. 6,927,027, We have also disclosed that heteropolymeric
nucleic acids (and/or their analogues) can specifically bind to each other by homologous base
bonding as well as by Watson-Crick base interaction, and that base bonding is not limited to
strands having antiparallel directionality relative to each other. Zd. Thus, heteropolymeric
nucleic acids (and/or their analogues) can specifically bind to cach other with paraliel or
antiparallel directicnality, wherein the bases bond by homologous base bonding and/or Watson-
Ciick base bonding rules. Our disclosure of binding motif preference of nucleic acids was

similarly unrecogﬁized .previously and is likewise of capital importance. All of the foregoing

specific oomplexes are readxiy rcproducxble havmg been detected in vitro using readﬂvavaﬂabie

instruments and reagents uscci under mild and permissive conditions.

- Wehave prevmusiy d1sclesed that pre»mcubahon of the probe with a probe incubation
agent and/or the target with: a;targct mcubaﬁon agent can mcrease discrimination of the signal to
be detected from baokgraund signals {i.e., mte} ference or background noise) by: (a) i mcreas;ﬁg-
binding affinity or. mgnal strength of perfectly matChed ‘target and probe; and/or (b) decreasing
binding affinity or signal strength of mismatched target and probe. See U.S. Patent

| Application Publication No. 2004/0180345.

Wenow disclose several other parameters, including probe length, probe concentration,
target concentration and label concentration, whose adjustment can achieve unexpected
beneficial effects.

Accordingly, the invention provides a method for assaying nucleic acid binding, wherein
at jeast one of the foregoing parameters is adjusted for beneficial effect.

In addifion, we now disclose a method that enables detection of a mucleotide
polymorphist in 2 genomic target, such as human dsDNA, without amplification of the target.
Unlike any other methods of which we are aware, the present method can be conducted in less
than sixty minutes, and preferably less than fifteen minutes, at a noh-danaturing temperature,

The invention encompasses the use and/or formation of novel duplex, triplex and/er

quadruplex complexes of mucleic 2cids (and/or analogues thereof).
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Nucleic acid strands have inherent directionality. The conventional wisdom holds that
strands of opposite directionality, i.e., which are antiparaliel in their orientation to one another,
form a duplex through Watson-Crick complementary binding of their respective bases. The
bonding together of probe and the target nucleic acid sequence solely as two antiparaliel strands
obeying Watson-Crick base pairing rules is therefore excluded from certain embodiments of the
invention.

Certain duplexes according to the invention, on the other hand, comprise two strands of
nucleic acid (and/or nucleic acid analogues) hybridized in parallel relation to ons another,
wherein specific binding is either throngh homologous base pairing or Watson-Crick base
pairing. Conventional wisdom holds that such duplexes do not exist, or at least would be
extremely unstable due to, e.g,, backbone irregularities necessitated by the conformational
tequirements of paraliel base bonding.

Even more sutprising is our discovery that.under appropriate hybridization conditions,
homologous bonding, preferably promoted and signaled by YOYO-1, demonstrates specificity
and stability r'wa}ing that of Watsen-Crick compiemenﬁary-antiparailei doplex,

The invention also éncompasses‘dupiex;as containing two strands of nneleic acid (and/or :

~nuckeic acid analogues) hybri;ii;zs':d in’antiparallels relation to one another, wherein-specific -
.- binding is through homologous base pairing,-

" . ... Asused herein, the terms “Watson-Crick basepairing”, “complementary base pairing” -

and the like are intended to define specific associdtion between opposing-nr'adjacent pairs.of -
nucleic asid and/or nucleic acid analogue strands via matched bases {e.g., AT, G:C anc:{/nr
A:U). Inthe context of non-cancnical complexes described herein, including paraliel duplexes,
parallel and antiparailel friplexes, and parallel and antiparallel quadruplexes, terms Jike
“Watson-Crick bage bonding” and “complementary base bonding” are intended to denote
bonding between A and T, A and U and/or G and C, but not necessarily in the edgewise, planar
conformation first described by Watson and Crick, In addition to the conventional binding
motif first proposed by Watson and Crick (the “W-C motif”), and conformational variants
thereof encompassed by the foregoing definition of Watson-Crick base bonding, the present
invention encompasses complexes formed by homologous base bonding. In homologous base
bonding, bases bond specifically with identical bases rather than complementary bases, Thus, in
the “homologous motif”, homologeous base pairs inciude A:A, G:G, C:C, T:T, UhU, and T3 1.
The binding by the bases of nucleic acid strands is affected or conditioned by a number
of factors, partienlarly the binding potential of the strands pursuant to either the W-C motif or

homologous motif, and ionic conditions {¢.g., salt concentration and/or type). Salty conditions
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tend to favor the formation of Watson-Crick bonding over homologous banding, Homologous
motif quadruplexes arc favored over W-C motif quadruplexes under identical buffer conditions,

Each strand in a complex of the invention can comprise any sequence of nucieobaseg
and/or nuclecbase analogues, provided the nucleobases are related to the nucieobases to which
they are to speciﬁcéily bind by efther the W-C motif or the homologous motif. Contrary to
certain teachings of the prior art, the target and probe need not be homopelymeric to achieve
binding, even in the case of triplex or quadruplex formation. Thus, in certain embodiments, the
probenucleobases are arranged in a heteropolymeric probe sequence of mterspersed purines and
pyrimidines, and the target nucleobases are arranged in a targst sequence at least partially
complementary or partially homologous to the probe sequence. For example, the probe
sequence can contain 25% to 75% purine bases and 75% to 25% pyrimidine bases in any order.
Complexes of the invention. can form from heteropolymeric seguences, which as defined herein,
mean sequences containing at least one purine nucleabase or purine analogue and at least one
pyrimidine nucleobase or pyrimidine analogue in at Ieast their hybridizing segments. Such

heteropolymeric sequences preferably lack homopolymeric fragments greater than 5 bases ong.

+ .. Other nucieobases are also'suitable for use.irithe invention, such as, e.g., synthetic analo gues of

-, natorally .ocourring ‘bases, -which have specific Watson-Crick and/ox homelogous binding

affinities to-other bases.
In addition te duplexes, <complexes -of the. invention also include triplexes and:

. quadiuplexes, wherein lopposix;g ‘heteropolymeric:strands are linked by Watson“Crick -

complementary bases or by homologous bases, and the reiative directionality of the bound
sequences is parallel or antiparallel to one another.

A probe strand can specifically bind in the major or minor groove of a double-siranded
target. Further, the bases of a single-stranded probe can interact specifical Iy with bases on one
or both strands of a double-stranded target. Similarly, the bases of each strand of a double-
stranded probe can interact specifically with bases on one or hoth strands of a double-stranded
target in quadruplex complexes of the invention. Thus, in certain triptex embodiments of the
invention, at least one base of the probe is banded to at least one base or base pair of the target
by Watson-Crick complementary base interaction and/or by homologous base interaction, such
that the complex is a triplex, and in certain quadruplex embodiments of the mvention, af least
one base of the probe is bonded to at least one base or base pair of the target by Watson Crick

complementary base interaction and/or by homologous base interaction, such that the complex is

a quadrupléx.
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In certain triplex and guadruplex embodiments, each nucleobase binds to one or two
other nucleobases. Thus, in addition 1o the traditional duplex Watson-Crick base pairs and the
duplex homologous base pairs described above, such embodiments include the following
Watson-Crick base binding triplets: ATTiA, T:AT, AT, TAU, AUA, UAY, GCG
and/or C:G:C (including C™:G:C, and/or any other ionized species of base), and/or the following
homologous base friplets: A;AT, T'T:A, UUA, TIUA, AAU, UTA, GiG:C and/or C:C:G
{including C:C":G, and/or any other ionized species of base).

Thus, in certain quadruplex embodiments wherein the probe is defined as a duplex of
first and second antiparallel strands associated by Watson-Crick base pairings, and the target is
defined as a similarly structured duplex of a third and & fourth strand, it is believed that the bases
of the first and third strands also bind to each other, in addition to: (a) the binding between
opposing bases of the first and second strands; (b) the binding between opposing bases of the

third and fourth strands; and (¢} the binding between opposing bases of the second and fourth

strands..
In certain embodiments of the friplex-and guadruplex structures ofithe invention, no

binding sequence of bases is contiguous with another binding sequence of bases. That'is, there

\are at least three sepérate strands: Although folded conformations and the like' (eige,hiadrpin: -
_furns, -efc.) are. within -the 'scope. of the invention (particuiarly but not lHmited 4o RNA

- interference embodiments, where hairpin design has been found to be advantageous for cansing .~

interference based on conventiopal Watson-Cri ok duplex binding of RNA targets — see Hemann-
etal., “An epi-allelic series of po3 hypomorphs created by stable RNAi produces distinet tumor
phenotypes in vive.” Nat. Genet. 2003 Mar; 33(3):396-400), folded portions of a single strand
do not make the sirand count more than once toward the minimum of three separate strands.

Complexes of the invention preferably do not rely on Hoogsteen bonding (including
reverse Hoogsteen bonding) or G quartets for maintenance of the complex structure, although
Hoogsteen bonding (inciuding reverse Hoogsteen bonding) and/or G quartets may be present.
That is, complexes of the invention are preferably substantially free of Hoogsteen bonding
{including reverse Hoogsteen bonding), and substantially free of G quartets,

Each strand of the complex independently comprises a nucleic acid having a deoxyribose
phosphate or ribose phosphate backbone (e.g., DNA, RNA, mRNA, lnRNA, rRNA, tRNA. or
cDNA) or a nucleic acid backbone or base analogue. Preferred nucleic acid analogues contatn
an uncharged or partially charged backbone (i.e., a backbone having a charge that is not as

negative as a native DNA backbone), and inciude, e.g., PNA and LNA. Certain embodiments
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are free of PNA. For increased stability, probes can be provided in a phosphotriester form, to
inhibit degradation during use,

Unlike certain complexes particularly associated with PNA, triplexes of the invention do
not depend upon a strand invasion mechanism,

At least a portion of the complex is isolated, purified, artificial or synthetic.

In embodiments, a portion of the complex is a PCR amplified product. However,
preferred embodiments of the invention are free of PCR amplification and products thereof,

The complexes of the invention can be present in solution, on a solid suppart, i vitre, in
vivo or in silico. The solid support can be electrically conductive (e.g., an electrode) or
non-condoctive. In certain embodiments, the sofid support is a silver island film or other
material that takes advantage of fluorophore-metal interactions to enhance sensitivity, as tanght
by Aslan et al,, Metal-ephanced fluorescence: an emerging tool in biotachnology.” Current
Opinion in Biotechnology 2005, 16:55~62. In addition, the complexes can be aptically mapped
or sequenced after being elongated, ag taught in U.S. Patents Nos. 6,147,198 and 5,720,928 to

- Schwartz.

© . Specific binding between nucleic acids occurs undera wide variety of conditions having

svariations in temperature; sall concentration, elecirostaticstrength, buffer composition and.

rejative molarconcentration of the nucleic acids. Bxamplesofthese conditions and methods for

.applying them are known.in the art.

We have previouslyidisclosed conditions particularly: suitable for providing our unigué -
and specific complexes, in the context of nucleic acid analysis and otherwise. See, e.g., U.S.
Patent No. 6,656,692 and U.S, Patent No. 6,927,027. We now further elaborate upon our
previous teachings regarding said conditions.

Unlike many Hoogsteen-type complexes, which are unstable or non-existent at pH levels
above about 7.6, the complexes of the invention are stable over a wide range of pH Jevels,
preferably from about pH 5 to aboui pH 8.

As shown in the Examples described below, we have unexpectedly discovered that
economies of genomic target material handling can be achieved without cormmensurate sacrifice
in assay signal. Thus, it is surprisingly possible to reduce the amount of genomic target material
in the inventive assay without causing a proportionats decrease in the specificity or sensitivity of
the assay. In some cases, reducing the amount of penomic material appears fo increase the
specificity and/or sensitivity of the assay. Similarly, under some conditions reduced amounts of

hybridization promotors or labels result in enhenced signal emission.
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Without wishing to be bound by any theories, we have a possibie explanation for this
phenomenon.  We believe that there are at least two opposing constraints that dictate the
optimum number of labels intercalated in a complex. The intensity of fluorescence emittad by
the complex increases with the number of labels intercalated therein, However, the pumber of
labels per compiex is limited by the number of sites available to the labels, and perhaps more
importantly, by the mutual charge repulsion between proximé} labels. Thus, ifa sataration label
to complex (or target) ratic were achieved, adding additional target to the system would be
expected to reduce the ratio below the saturation point. Each complex would then fnciude less
than the maximum number of labels, resulting in reduced fluorescence per complex. Reduced
fluorsscence per complex can result in an overall reduction in fluorescence (when the increase in
the number of fluorescent complexes is outweighed by the reduction in fiuorescence of sach
complex), o an increase in fluorescence less than proportionate to the increase in the number of
complexes (When the increase in the number of fluorescent complexes outweighs the reduction

in fluorescence of sach complex). We further believe that duplex DNA acts somewhat to shicld

- charge repulsion between intercalated labels in the minor groove of the duplex and those
- clustered near the third strand-or duplex probe creating the opporiumity for a hyper-dense label - . -
: crconceniration ‘irz:-theicﬂmp}ex..l ‘These Iabels are:then believed to ‘interact when radiated or g
"o, donor:donos energy migration model: because of their proximity. See, e.g, 1.8, Patent No. -

. 6,911,310 for additional information regavding donor-to-donor energy transfer systems.* . ¢

- We have also observed that some labels, such as-the intercalator YOYO-1, are capable of -
various intensities of emissions, depending onthe structure of the complex into which they are
intercalated. This may be because they are quenched by hydration. It may be that the ripie-
stranded structure, when formed, provides an enhanced dehydrated environment for the
intercalated labels over that existing when intercalators inhabited the duplex prior to the
approach of the third strand which binds to form the triplex. It may also be that the formation of
a triplex stabilized by intercalated labels may cause local DNA collapse, which in turn
contributes to yet greater dehydration of the labels and yet greater emissions from those Iabels.

The following language is used herein based on the foregoing understanding of the
invention.

A complex saturating amount of label is a concentration of label at least sufficient to
achieve a maximum in a graph of fluorescent intensity against [abel concentration at 4 fixed
nueleic acid concentration.

A target saturating amount of probe is a concentration of probe at least sufficient to bond

to all targets in the hybridization medium. This theoretical value may be adjusted based on
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- theirnative concentrations. The inventiveassay:is sensitive edough to detect single niicleotide -

experimental data (e.g., titrating the probe in a hybridization mixture of fixed target
concentration). In practice, the theoretical value mey not be identical to the empirically derived
value, due to factors like seli-binding of the probes, non-specific binding to the substrate, etc,
The expression “target- saturating amount™ as used herein refers to the empirically derived
amount unless otherwise stated.

The target saturating amount of probe can also be expressed as a probe to target ratio.
This ratio is preferably about 1:1 to about 1071,

The absolute concentrations of probe and label in the hybridization mixture are generally
selected based on the suspscted concentration of target in the mixture. The inventive assay is
extremely sensitive, thereby obviating the need to conduct PCR amplification of the target. For
example, it is possible to assay a fest sample having a volums of about 80 microliters, which
contains about 19 yoctomoles of human genomic target and about 3.2 pmoles of probe.
Embediments of the invention are sensitive enough to assay human genomic targets at a
cencentration of 2.4 % 107% M, preferably at'a concentration of not more than 2.4 % 107° M.

Embodiments ofthe invention are sensitive enough to.empioy probes at a concentration 6f4 x

-+ 'that:the foregoing values are not intendedto suggest-that the method cannot detect Kigher oz 7 .

-, lower concentrations of target or that the probe concentration cannot be }’nighef or Joweps 7

polymorphisms (SNPs) and/or multiple nucleotide polymorphisms in human genomic samples
weighing 4 ng to 73 pg, which contain approximately 604 copies to 11 copies (1.3 x 107" M to
24x 10" M in an 80 pl hybridization mixture) of the nucleic acid target sequence. Thus, in

certain embodiments, the assay if carried out in a reaction mixture of 80 i is conducted on a

" genomic sample containing less than 700 copies of the target nucieic acid sequence, and

preferably about 150 to about 300 copies of the target nucleic acid sequence (sometimes referred
to hereinafter as “the target™). Similarly, in an 80u!l reaction mixmre we heve detected a
characteristic sequence present in 5 copies of Bacillus globigii target nucleic acid.

The targets need not be partially or completely purified to achieve such sensitivity. In
preferred embodiments, a biological specimen is obtained from an organism or cell, and 2
genomic sample is prepared from the specimen by lysis or digesting or removing at lsast a
portion of (and most preferably substantially all) non-nucleic acid material, such as histones and

the like, from the DNA., Suitable sources of genomic material for use in the invention include

In parficularly preferred embodiments, nnamplified genomic targets canbe detected at © 1
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but are not {imited to eukaryotes, plants, animals, vertebrates, fish, mammals, humans, miérobes
and viruses.

Opticnally, genomic DNA in the genomic sample can be amplified by 2 multiple
displacement amplification method, preferabiy that disclosed in U.S. Patent No. 6,617,137 B2 w0
Dean et al., wherein denaturing conditions are avoidad.

While certain prior assay methods require the DNA ofthe genomic sampie to be digested
to facilitate access to the target nucleic acid sequence(s), the present invention enabies the direct
detection of target nucleic acid sequence(s) that constitute an infinitesimal portion of the
complete genome without requiring the genomic DNA to be segmented into smaller sequences.
Thus, the present invention can detect target nucleic acid sequences when the genomic sample
comprises a genomic target that is not fractionated or is only partially fractionated, In certain
embodiments, the genomic sarple comprises af ieast 1%, preferably at least 10%, more
preferably 100% of a complete genome. In certain embodimerts, the target nucleic acid

sequence can be detected in genomic sequences more than 2 kb long, preferably more than 5 kb

- long. - Accordingly, the length-of the genomic material containing the target. nucleic acid *
sequence is notan assay Himiting factor - Preferably, the target nucleic acid sequence is i single. -+
-+ or double-stranded genomic material having 2 length from 8 bpto 3.3 X107 bp long.» tve » s

- Target nucieic acid sequence length should preferably be sufficiently long that thetargsi «

nucleic acid sequence is unique.in‘the sample (although 2 plurality of non-unique;. shorter,

- sequences within 2 genome:can be fargeted to uniquely. identify properiies of the genome).

Preferred target nucleic acid sequences are § to 200 bases in length, more preferably 15 to 30
bases in length. The farget nucleic acid sequence can be unamplified genomic material,
amplified from genomic material or synthetic. The target nucleic acid sequence can be all or
part of the genome of the organism or cell from which the genomic material was extracted, or
can belong to a-pathogen present (or previously present) in the organism or cell. Thus, the
invention is not only suitable for diagnosing genetic mutations, but also for detecting nucleic
acids of pathogens that infect a host organism or cell.

The assay of the invention is alse suitable for detecting non-genomic targets, such as
cDNA, particularty for the purposes of screening cIDNA libraries.

"Theassay can detect the presence of one or more targets using one or more probes. The
use of a plurality of different probes to detect a plurality of different targets is particularly useful
for detecting haplotypes.

We have previously disclosed that probes are preferably 2 to 200 bases long, and more

preferably 5 to 30 bases long, and can be single or double-stranded. Since then, we have

10
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'+ base mismatch would be more destabilizing to.a 25-mer than 16 2 30-mer.

unexpectedly discovered ways in which probe length can be adjusted to increase the sensitivity
and specificity of detection. For example, in the systems described in the Examples, 25-mer and
30-mer probes outperformed 15-mer and 20-mer probes, with 25-mer probes sometimes
providing the greatest sensitivity and specificity when detecting the presence of a SNP is the
objective. Accordingly, tripiex forming probes may be optimally specific for SNP detection
when 25-mer long which differs from duplex forming probes which are optimally specific for
SNP detection when they are sharter rather than longer,

Without wishing to be bound by any theories, we offer a possible explanation for this
phenomenon. Assuming, for example, that labels are able to bind within the minor groove of a
probe-target complex at sites separated by 11 bases, we would expect a 25-mer pro?::e—targe‘c
complex to have 2 minor-groove binding labels per compiex, while a 15-mer probe-target
complex would be expected to have only 1 minor-groove binding label per complex. This
migkt explain why a 25-mer probe would cutperform a 15~mer probe. The 30-mer probe-targat
complex would be expected to have the same number of minor-groove binding labels as the 25-

mer probe-target complex (2 labels); but the 30«mer probe would not be'as sensiiiveto . © -

Vo oo Analternative theory assumes that the labelsaremutually repulsive as a first fumction of 7
distance (i} and that the labels are capable of enhancing-the flnorescence of adjacent labels. 1

(e.g+ via. FRET, flucrescent resonance energy: trausfer or via DDEM, donor:doncr energy ' - °-

migration) as a second function of distance -(Fz), wherein Fy is inversely related to F,, There
may be a concentraiion or range of concentrations of charged labels, which zllow maximum
intercalation of the probe:target complex and maximum FRET-like emission or DDEM. It is
possible that the addition of the probe to the target can provide additional intercalation sites for
the labels, but the number and location of such sites are constratned by mutual repulsion
between the labels, Thus, probes below a certain length (which we expect will vary somewhat
depending on the nature of the probe, target, fabels and environment) might not provide
adequate shielding of the mutually repulsive charges of proximal lebels, and/or might not
provide favorable sites for FRET-like or DDEM interaction between labels in the minor groove
or intercalated between bases of the target.

For example, assume that labels are able to intercalate every 20 bases throughout the
double-stranded target, and that the distance between these labels is too great to support FRET-
tike or DDEM interaction. If FRET-like or DDEM interaction does occur between such
intercalated labels of the target and labels associated with the probe (e.g., by binding in the

11



minor groove, intercalating between probe and target bases, efc.), alignment of the probe-
associated labels with the target associated labels would be most likely for longer probes. Probe
" strands of sufficient length may allow a sufficient number of the labeis to come Into such close
proximity to one another that energy transfer or energy migration between the labeis cén

5 enhance emission from the probe:target complex and hence detection.

Accordingly, probes of the invention are preferably single-stranded nucleic acids or
nucleic acid anajogues of 15 to 30 bases in length, wherein discrimination of the signat from
background signals is maximized by energy transfer or energy migration between or among
intra-target intercalated iabels and probe-target intercalated labels. More preferably, the probe

10 has a Jength optimized for energy transfer or energy migration. Preferably, the length is greater
than 15 bases. Still more preferably, the probe is 20-30 bases in length.

Suitable probes for use in the inventive assay include, e.g., sSDNA, RNA, ssPNA, LNA,
dsDNA, dsRNA, DNARNA hybrids, dsPNA, PNA:DNA. hybrids and other single and
doubie-stranded  ‘nucleic - acids- and nucieic acid analogues comprising uncharged,

15,. - partially-charged, sugar:phosphate.and/or:peptide backbones-in whole or in part-or-bage: «
- analogyes in whole:onin part. -In certain embodiments, the length of the probe can be selectad to-

+maichrthe length ofithe targeto o b oS s 0 Do T

Probes af the invention are preferably safe touse and stable for years. Accordingly, - -~

probes can be made or ordered in large quantities and stored.

20 - . Incertzinembodiments of the vention, blockingprobes can be used in addition to the -
probes intended to bind the target nucleic acid sequence. See, e.g., U.S. Patent No. 6,110,676,

The probe and target are hybridized in the presence of a hybridization promoting agent

(HPA). EHPAs are generally ions that have been found to improve the specificity and/or alacrity

with which the assay can be performed. We have also found that HIPAs can be used for

25 extended duration assays to stabilize the intensity of fluorescence emitted from control samples
containing probe or label. Suitable HPAs include, but are not limited to, cations of (CHa)NC,
{CH;3):N-HCI, NaCl, NepSOy, NayHPO,, and (NH;:S0,. Preferred HPAS include the water
structure~-making substances (i.e., kosmoiropes or kosmotropic agents) disclosed in U.S. Patent
No. 6,783,932 B2 to Freseo et al.

30 The benefits of the use of one or more HPAs in a reaction mixture and the best
coneentrations for use under any selected assay conditions may be determined experimentaliy
using the present disclosure as a guide. Preferred concentrations for selected HPAs inciude, but
are not limited te, the following: 50 to 80 mM NaCI, 10 to 60 mM Na; S04, 50 mM Na,HPO,,
125 to 250 mM (NH):80 30 mM Trimethylammoniumchioride (or trimethylamine
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hydrochioride), 30 to 52.5 mM tetramethylammonivmchloride (TMA-CI), each added separately
or 30 mM TMA-Cl in combingtion with 10 to 20 mM NaCL U.S. Patent No. 6,783,932 82 to
Fresco et al. teaches the use of much higher concenirations ofkosmotropes to stabilize tiplexes
based on polypurine sequences. While such higher concentrations are within the scope of the
present invention, they are not required to stabilize the specific heteropolymeric tripiexes and
quadruplexes of the present invention, '

In certain embodiments, the HPA is aiso a fluorsscent label, In such embodimenis, the
use of a non-HPA label or additional FIPA-labels is optional. HPAs additional to the HPA~label
are aiso optional. The HPA-label is preferably an intercalating label, more preferably a dimeric
cyanine dye, and even more preferably YOYO-1. |

The labels of the invention (whether funciiening sotely s markers, solely as HPAs, oras
HPAs and markers) are preferably intercalating fluorophores. Preferred labels are members
selected from the group consisting of YOYO-1, TOTO-1, YOYO-3, TOTO-3, PCPO-1,BOBO-
1,POPO-3, BOBQO-3, LOLO-1, JOIO-1, cyattine dimers, YO-PRO-1, TO-PRO-1, YO-PRO-3,

. TO-PRG-3, TO-PRO-5, PO-PRO-1, BO-PRO-1; PO:PR(-3, BO-FRO-3;LO-PRO-1, JO-PRO:
o, Cyaning Mmonomers; athidium:;bromidé;;"ethidium Mhomodimer-1, ethidium homodimer-2,
- ethidivm  derivatives; .acridifie, .acridive: orange, acridine derivatives, ethidium-acidine ..

1 “heterodimer, ethidinm monoazide, propidium iodide; SYTO dyes, SYBR Green 1, 8YBR dyc:s,r i

Pico Gieen, SYTOX dyes and J-aminoactinomyoin.I. ‘Most preferably, the labels are oyanine *. v

dyes or homo- or heterodimersof cyaniné dyes that give enhanced fluorescence whe associated @
with nucleic acids, such as those described in U.S. Patents Nos. 4,883,867 (Lee), 5,582,977
(Yue et al}, 5,321,130 {(Yue et all.}, and 5,410,030 (Yue et al,), inciuding nucleic acid stains
commercially available under the trademarks TOTO, BOBO, POPO, YOYO, TO-PRO,
BO-PRO, PO-FRO and YO-PRO from Molecular Probes, Inc., Eugene, OR. Ofthese, YOYO-1
(sometimes referred to herein as “YOYO™) is the most preforred.

Norn-intercalating tabels are aiso suitable for use in the invention. Preferred exampies of
such labels include biotin, rhodamine, fluorescein, and other labels or label pairs that by
fluorescance or the absence of fluorescence signal whetker they are bound in a target/probe
complex when irradiated with exciting energy.

The invention further encompasses the use of labels that etrﬁt non-fluctescent signals.
Such labels include luminescent agents, scattered-light detectable particles (see, e.g., U.S. Patent
No. 6,214,560 to Yguerabide et al.), magnetic labels (see, e.g., Chemla et al. “Ultrasensitive
magnetic biosensor for homogeneous immunoassay,” Proc Natl. Acad. Sci. U.§.A. vol. 97,

14268-14272 (2000)., etc. In cerizin embodiments, the labels are those disclosed iu 1).S. Patent
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Ne. 5,939,256 to Yamamoto et al,, which cause a detectable change by reaction or interaction
with the complex itself, or which are mutnally interactive in the presence of a multiplex helical
structure, thereby cansing a detectable change. In certain embodiments, the labels are redox sets
(e.g., redox pairs) of two-part probes, as disclosed i U.S. Patent No. €,361,942B1 to Coull et
al, In certain embodiments, the labels are quantum dots.

It is also within the scops of the invention to use Iabels adapted for Huorescence
anisotropy methods of detection, such as disciosed by U.S. Patent No. 5 1,293,867 to Walkerstal,

In certain embodiments, labels are not required. For example, hybridization can be
detected by drawing the hybridization complex through a nanopare, applying an electric field,
and monitoring the nanopore for current changes, as disclosed in U.S. Patent Applicaiion
Publication No. 2003/0099951 Al to Akeson et al.

It is also possible to detect differences between melting profiles of similar complexes to

determine whether the complexes are identical. See, e.g., U.S. Patent Application Publication

No. 2003/0157567 Al to Lipsky etal. Insuch embodiments, minar groove binders can also ba T
-~ -used to.Jevel the me!tmg temperatures:of probes, so that they exhibit. comparable- binding "

. affinities for targets and comparable denaturation profiles for denaturation: -assays.” See TG
~.. Patent No.6,683,173 B2 fo Dempcy et al. AT S e e Tl e
<. .The label, probe, target.andiHPA are co‘mb,iné:d 10 provide the hybridization mixtury, - - .

- along-with any additional .components, such. as water, at.least one buffer, etc. The order of v

20

nformation about the target may be obtained if the order of addition to reaction mixtures is
varied and the labe! emissions monitored and compared, For example, the FPA (and/or
HPA-label) can be added to a solution which aireédy contains the multiplex to be stabilized, or
can be added along with one or more strands. Moreover, the components of the hybridization
mixture can be in the form of discrete compounds or composites of the otherwise individual
components. Examples of such composites include, e.g., HPA, HPA-label and/or label
covalently bonded to or intercalated within the probe and/or the target, In certain embodiments,
the composite can be an “oligonuciectide-guencher-fluorescent-dys conjugate” of the type
diselosed in U.S. Patent Application Publication No. 2004/0081959 A9 to Reed st al. Such
embodiments can further comprise the minor groove binders (MGBs) of Reed gt al. The MGBs
ofReed et al. are also suitabie for addition as discrete components of the hybridization mixture,
and are expected to facilitate mulipiex formation without increasing background noise from
non-specific fluorescence. See also U.S. Patent Application Publication No. 2004/0058322 A1

to Hegpeth et al,

14
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The order of addition of components o the hybridization mixture can be significant in
certain embodiments. However, we have not found that the order of addition need bs so
significant as to render the method inoperable under any specific order of addition. Rather, we
have found that altering the order of addition can identify a preferred order of addition, which
results in improved reéults relative to less preferred orders of addition. For example, we have
unexpectedly discovered that adding the target nucleie acid sequence (e.g., contained in the
genomic sample) to the hybridization mixture last can tesult in enbanced specificity and
sensitivity. This i particularly surprising considering that adding the label to the hybridization
mixture last is more preferred for ceriain other embodiments,

The order of addition can also be significant when some or all of the components are
electrically pre-treated in accordance with the teachings of our earlier 1.8, Patent Application
Publication No. 2003/017065%. For example, a buffered solution might be electrically
pre-treated before combining the probe with other components to form the hybridization
mixture.'Electrical pre-treatment cen enhance the sensitivity and/or specificity of the assay.

- The hybridization mixture may be incubated for a period of time to-allow hybridization = -

- 1o oceur., . Incubation.is conducted-over-a-period. of time lessthan 60 mimutes, preferablyless -

- than 15 minutes,umore preferably not more than 10 minutes, even more preferably wbout 5+ .
¢ e tminutes, or-less, most preferably 1 minite ‘'ordess. Inclibation is preferably conducted at-a-
non-denaturing temperature, and more preferably is condicted af temperature{s) withintherangs™: ©

» 0f 20 t0 40°C. :As.used herein, the term “non-denaturing temperature” refers te a temperatire.” - -

insufficient 10 denasure the double-stranded target nucleic acid sequence, and explicitly
encompasses temperatures at least as high as 40°C. Temperatures sufficient fo denature the
target are not preferred as they add cost, delay and unnecessary complexity to the method.
The hybridization mixture is irradiated with coherent light preferably at or near the
wavelength of maximum excitation of the label after incubation and then monitored for
fiuorescence if the hybridization mixture contains a flucrophore. For YOYO (i.e., YOYO-1), an
excitation waveiength of 488 nm is preferred. It has been discovered that the power density of
the light irradiating the test sarnple is important, and should preferably be setto deliver about 84
Wrem’/sec radiation when the label is YOYO-1. Unduly high power densities, whether
delivered from lasers or bright light sources, can not only abolish the assay, but atso damagethe
reagents such that the test sampie cannot be subsequently assayed using appropriately powered
radiation. This is 80 because YOYO-1 can act as a photocieavage agent if suitably stimulated.
Lasers are the most preferred radiation source. Instruments powered by “bright lizht” sources,

such as Xenon bulbs, that generate pulsed or continuous bright light, even if subsequently

I5



5

10

filtered, are less suitable to carry out the assay using YOYO-1 and penerally generate
unintelligible results. Filiered “bright light” is not equivalent to Taser stimulation. Very low
wait power photo diodes, such as that present in a Turner Design “TD” Picofiuor instrument,
powered by 4 AAA batteries, can be used to carry out the assay to measure YOYO-1 flucrescent
emissions.

One or more different light sources can be employed to irradiate the labels. Irradiating

the labels with a plurality of beams of light of different wavelengths is particularly useful where

labels having different excitation characteristics are employed. For example, laser Bght of 488
nm can be applied to excite YOYO-1 labels targeted to detecting one target sequence while laser
light of another wavelength is applied to excite other labels present.

In an alternative embodiment, the specificity of the assay can be improved by digesting
any duplex in the hybridization medium that might otherwise generate a non-specific signal.
Duplex target in the triplex is protected from digestion, as taught by U.S. Patent No. 6,458,540
BI to Ramberg. Tolun et al, “A real-time DNase assay (ReDA) based on PicoGreen

fluorescepce.” Nucleic Adids Res. 2003-Sep 15,31(18):e111 shows that intercalators in-duplex-« -

~ e peed nothalt digestion, whereas intercalation and stabilization of friplex DNA may, < oo, -
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. »thesignal.emitted from the hybridization medium:. This step separates unbound probes from!

~" i+ In certain embodiments of the invention, a separation step i3 conducted priorto detecting =

- probe-targeicomplexes. Preferably, the separation step comprises the use ofa polyeationic solid-
- support astaeght in U8, PatentNo. 5,599,667... - - <+, .

The hybridization mixture may be monitored one or more times for Iabs] emission afer
being irradiated one or more times. The signal measured is preferably the fluorescent intensity
emitted from the hybridization mixture. In such embodiments, the binding affinity between the
probe and target can be directiy or inversely correlated with the intensity, depending on whether
the label signals hybridization through signal quenching or signal emission. Thus, the
flucrescent intensity generated by intercalating agents is directly correlated with probe-target
binding affinity, whereas the fluorescent intensity of embodiments employing non-intercalating
fluorophores covalently bound to the prebe may be inversely correlated with probe-targst
binding affinity. In certain embodiments, the fluorescent intensity increases (or decreases for
non-infercalators) along with the extent of matching between the probe and target, preferably
over a range inclusive of 0-2 mismaiches and/or deletions, more preferably over 2 range
inclusive of 0-3 mismaiches and/or deletions.

Embodiments of the invention comprise calibrating the measured signal against

reference signals to determine whether the probe is a perfect match for the target nucleic acid

A
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sequence. A calibration curve can be generated, wherein the magnitude of the measured signal
(¢.g., fluorescent intensity) is a foaction ofthe binding affinity between the target nucleic acid
sequence and the probe. As the binding affinity between the target nucleic acid sequence and the
probe varies with the number of mismatehed bases, the nature of the mismatch (es) {A-Gvs. A-C
vs. T-G vs. T-C, ete.), the location of the mismatch(es) within the hybridization complex, etc.,
the method of the invention can be used to detect whether the probe and target nucleic acid
sequence are a perfect match or a mismatch and ultimately to sequence the target nucleic acid
sequence.

The emitted signal can be serially collecied and evaluated as a finction of time as well as
instantaneously. For example, a change in the fluorescent sipnal with respect 1o time can be
monitored to better determine whether the probe perfectly matches the target pucleic acid
sequence in a ybridization mixture containing an intercalating tabel, wherein an increase in the
ffuorescent signal with respect to time (“waxing”) indicates a perfect match and a decreage in the

fluorescent signal with respect to time (“waning”) indicates a lack of a perfect match. Similarly,

-+ waxingand waning signals penerated by a hybridization mixture contpining a non-intercdlating
- - labelmay indicate an imperfect match and a perfect matoh,; respectively, Although under some

-1, weircumstances the signal intensity of g mixturelackinga perfect match dess not decreass aver -

time,.jt-is still possible to distinguish between.perfecimatches and mismaiches where {he'signal.

_emitied.by the mismaich mixture changes.at a lowerrate than fhat of the match mixtre,or the. -

- signal . emitied ‘by. the mismatch ‘mixture’ shiows evidence -of discontinuons changes -and ¢

regressions,
The Invention encompasses the use of one or more of the foregoing signal measurement

and data analysis protocols. The use of more than one of the protocols can enhance the
reliability of the assay. Other parameters ofthe assay (e.g., order of addition tothe hybridization
mixture, lenpth of probe, etc.) can also be varied io check for congistency across multiple
protocols, 1o enbiance assay reliability.

Detection of the fiuorescent signal is preferably completed within 60 minutes of
providing the hybridizatton mixture, more preferably less than 15 minutes, even more preferably
about 10 minutes, still more preferably within about 5 minutes, The entire method is preferably
conducted in less than 60 minutes, more preferably less than 15 minutes, still more preferably
less than 10 minutes, even more preferably in about 5 minutes or less, at a non-denaturing
temperature.

The reliability of the invention is independent of guanine and cytosine content in either

the probe or the target. In the traditional W-C motif; since G:C base pairs form three hydrogen
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bonds, while A:T base pairs form only two hydrogen bonds, target and probe sequences with a
higher G or C content are more stable, possessing higher melting temperatures. Consequently,
base pair mismatches that increase the GC content of the hybridized probe and target region
above that present in perfectly matched hybrids may offset the binding weakness associated with
a mismatched probe,

The method of the invention is useful for detecting genetic mutations, including SNPs,
with an unprecedented combination of speed and reliability. Nucleic acid sequence repeats,
insertions and/or deletions can also be detected. The method is also useful for detecting a
morphological status of an organism or cell from which a genomic sample is obtained. The
morphological status preferably comprises information regarding: (a) a stage of development;
(b) higher order structure; {¢) binding events; and/or (d) a disease state.

The method can be conducted within a biological cell,

The invention comprises in addition to the foregoing methods a kit for practicing those:

methods. The kit preferably comprises: sample collection means for collecting the genomic

wsampie; the probe; the hybridization premotion agenty and the labeis: « & .o
_ Sujtable sample. collection means include but are not limited ta syringes, cups; vialg;- b
-Sponges, swabs, sticks, capiliary tubes; apsorbent shests, membrane; film, micréwenﬁ’cdlm;' e
.+beads, chiips, etc.- Preferably; the sample-coligction means-is adapted to colieet tissus; buccal:- -
.cells, biood, fluid, sputumy uripe-and/or feces.. .10 '

200 o Incertain embodiments, amolecuiar identification tag is added to the sampleto provide <~

a kit and method of marking & biological sample for purposes of tracking its history and
providing a definitive audit trail. The tag is at least one molecule capable of detection.
Preferably, the tag is a nucleic acid or nucleic acid analogue sequence that has been
functionalized with at east one detectable label (preferably spin labeis or quantum dots} and
optionally with at least one cross-linking agent. Sample collection means used in the method
and kit would preferably inciude the tag (e.g., cross-linked to a support surface) and have a bar
code or other means for identifying which tag is uniguely associated with the sample. See, e.g.,
U.S. Patent No. 6,153,389, which discloses identification tags for PCR-based assAys.

In certain embodiments, the probe is provided on a support selected from the group
consisting of a bead, a plate, a membrane, a film, a microwell, an electrode, & column or a
capillary tube.

The probe, labels and HPAs of the kit are essentially the same as for the method.

The imvention will be illustrated in more detail with reference to the following Fxampies,

but it should be understood that the present invention is not deemed to be Hmited thereto.
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EXAMPLES

Example 1
In this Example, we compare triplex assay signals emitted when 15-mer or 25-mer single
strand oligonucleotide probes are used fo assay duplex amplicon targets. Genomic dsDNA was
extracted from a human blood sample using 2 QlAamp DNA blood purification kit (QJAGEN,
Mississauga, Canada) as per manufacturer’s instructions. A 491 bp dsDNA fragment (SEQ ID
NQ:1), corresponding to 2 clinically significant region of exon 10 of the cystic fibrosis gene
{Genomics 10, 214-228 (1991)], was PCR-amplified. A 20-mer upper primer and a 20-mer
lower primer wete synthesized on a DNA synthesizer (Expedite 8909, PerSeptive Biosystems),
cariridge purified and dissoived in ddH;0. Sequence for the 20-mer upper primer: 5°-GCA
GAG TAC CTG AAA CAG GA-3 (SEQID NOC:2). Sequence for the 20-mer Jower primer;
5-CAT TCA CAG TAG CTT ACC CA-3" (SEQID NO:3). 100 pmole of each primer was
mixed with I pg genomic dsDNA in a 100 pl PCR reaction mix using a Tag PCR Master Mix
Kit (QIAGEN, Mississauga, Canada). The following PCR cycle parameter was used: 1 cycle of

+94°C x5 min, 25 cycles of (93°Cx 3G sec; 48°C % 30 sec,.72°C ' 45-5e¢), 1 eyeleaf 72°C 17~

. min. . The size:of the PCR fragment was confirmed by gelelectrophioresis, No purificatiosof

& sample o remove trace amounts of Tesidual primers or genomic DNA was performied. The' -

' ; concentration of the PCR-amplified 491 bp dSDNA. target; with residual primers anifgenomic

DNA, was determined by UV spectroscopy and & 1 praole/id stock sclution was prepared. -

" Antisénise 1 5-mer or 25-mer:ssDNA. probe sedisnces, derived from exon 10 of the'

human cystic fibrosis gene were synthesized on a DNA synthesizer (Expedite 8909, PerSeptive
Biosystems), cartridge purified and dissolved in ddH,0 at a concentration of 1 pmole/pl.

Probe CF01-15 (SEQ ID NO:4) was 2 15-mer ssDNA probe designed to be completely
complementary to a 15 nucleotide segment of the sense strand of the wild-type PCR-amplified
451 bp dsDNA target (SEQ 1D NO:1), overlapping amino acid positions 505 to 510 [Genomics
10, 214-228 (1991)].

The sequence for probe CF01-15 (SEQ ID NO:4) was: 53°-CAC CAA AGA TGA
TAT-3",

Probes CF10-15 and CF09-15 were 15-mer mutant ssDNA probes identical in sequence
to wild-type probe CF01-15, except for 2 one base mutation (underfined).

The sequence for probe CF10-15 (SEQ I NO:5) was: 5°-CAC CAA AGA CGA
TAT-3.

The sequence for probe CF09-15 (SEQ ID NO:6) was: 5°-CAC CAC AGA TGA
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TAT-Y. _

Probe CE01-25 (SEQ ID NO:7) was a 25-mer ssDNA probe designed to be completely
complementary to a 25 nucleotide segment of the sense strand of the wild-type PCR-amplified
491 bp dsDNA target (SEQ ID NO:1), overlap ping amino acid positions 504 1o 512 [Genomics
10,214-228 (1991)].

The sequence for probe CF01-25 (SEQ ID NO:7) was: 5°-TAG GAA ACA CCA
AAG ATG ATA TTT T-3".

Probes CF10-25 and CF09-25 were 25-mer mutant ssDNA probes identical in sequence
to wild-type probe CF01-25, except for a one base mutation (underiined),

The sequence for probe CF10-25 (SEQ ID NO:8) was: 5°-TAG GAA ACA CCA
AAG ACG ATA TTT T-37.

The sequence for probe CF09-25 (SEQ 1D NO:9) was: 5°-TAG GAA ACA CCA
CAG ATG ATA TTT T-3°.

Triplex. assays, signaled by fluorescent intercalators such as YOYO-1, have been

-+ performed:with stimulating radiation from several lasers, including a Melles Griot 50 mVWargon -

_ _ipq laser, Model 532T¢P, 225 mW lon Laser Technolegy argon ion laser, Model 5490 ACM-00, " -

220 mW Coherent solid state laser; Model - Sapphire-488-20 OEM, & Genexus Analyzer. -

-+ containing a Melies Griot 15.mW argon ion laser,-Model 35-IMA-415-120.and. a Genexius . -
.+ Analyzer containing 2 20 mW Coherent solid state iaser, Model Sapphire 488-20 OEM. Allof :

- thgse lasers were configured to deliver between 80 — 84 W./cm?/sec radiation ata wavelsiiath of -

488 nm,

The reaction mixture (80 ul) contained the following: 0.05 pmoles of PCR-amplified
491 bp dsDNA target, 1.25 pmoles of 15-mer or 25-mer ssDNA. probe, 0.5 x TBE and 150 nM
of the DNA intercalator YOYO-1 (Molecular Probes, Bugene, Oregon, USA). The reaction
mixtures referred to in this and all other examples were 80 ;:al final volumes and were incubated
at room temperature (RT), unless otherwise indicated. Following a 5 minute incubation at RT
(24°C) the rsaction mixtures were placed into Corning No Bind Surface 384-well piates (black
with clear bottom) and irradiated with the Genexus Analyzer 15 mW argon ion laser having a
wavelength qf 488 nm. 10 mW of laser light irradiates the samples from the botiom of cach
well. Trradiation ocourred at a sampling interval of 60 microps at settings of 20 hertz, 32% PMT
and 10 pA/V sensitivity. Fluorescent emissions were monitored and again upon irradiation after
a further 10 minutes of incubation. This Genexus Analyzer was used in all accompanying

Examples, unless otherwise indicated,
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The ssDNA pmbés, when incubated with YOYO-1 as a control, produced a relativeiy
high leve! of fluorescence as compared to that of the dsDNA target control incubated with
YOYO-1. In each control the same amount of YOYO-1 wag present as in the related reaction
mixture, High level of fluorescence from the ssDNA probe control was a result of the formation
of complexes stabilized and signaled by YOYO-1. The 25-mer probe control produced a much
higher lsvel of fluorescence than did the 15-mer probe control (Tabte 1).

Perfectly matched DNA triplexes consisting ofthe 491 bp dsDNA (SEQ ID NO:1) and
15-mer probe CF01-15, formed in the presence of 150 nM YOYO-1 (sample 4), produced very
intense fluorescent emissions afier both 5 min and 15 min of incubation (Table 1). The
emission from a one bp A-C mismatched dsDNA:ssDNA 15-mer triplex (491 bp dsDNA -+
probe CF10-15) (sample 6) was 96.2% and 95.4% less after a 5 min and a 15 min incubation,
respectively, than from the perfectly matched 15-mer triplex (sample 4}, when normalized for
variations in ssDNA probe control emissions. The emission from a one bp T-C mismaiched

dSDNA:séDNA 15-mer triplex (491 bp dsDINA + probe CF06-15) (sample 8) was 98.2% and

98.8% less afier a 5 min and &35 min incubation respectively, than from the perfectly matched ¢

© - Perfectly-matched-DNA-25-mer-triplexes consisiing of the:491 bp dsDNA (SBQ ID~ "
-, NO:1) and probe CF01+25, formed in the presence.of 150 oM YOYO-1 {sample 10); produced '
- intense fluorescent emissions after 3 mimand afterT5 min of incubation Table’l). Complexing .

~the dsDNA target with matchetl 25-mer ssDNLA probes resulted in-a greatly enhanced emission . .-

as compared to that arising upon the binding of the dsDNA target to matched 15-mer ssDNA
probes. Accordingly, the use o 25-mer probes resulted in 2 more sensitive triplex assay of the
duplex target than did use of 15-mer probes. Incompletely complementary probe and target
complexes, containing a | bp A~C mismateh (491 bp dsDNA -+ probe CF10-25) (sample 12 ora
1 bp T-C mismatch (491 bp dsDNA + probe CF0%-25) (sample 14) produced emission
intensities that were 98.0% or 100% lower, respectively after 5 min of incubation, and 98.5% or
100% lower, respectively aifter 15 min of incubation, than those observed with the perfectly
matched 25-mer iriplexes (sampie 10}, when normalized for variations in ssDNA probe control
emissions (Table 1}. These data support the surprising conclusion that the 25-mer probes can be
more specific thar the 15-mer probes in deteciing SNPs in duplex targets. It is remarkabie,
unexpected and highly usefil that & I bp mismateh in 2 25 base triplex can be more destabilizing
than a 1 bp mismatch in a 15 base triplex. To farther delineate this counter intuitive fact, we
compared perfectly matched triplexes formed with the duplex targetand 15, 20, 25,27, 30 or 35

mer eligo probes under conditions described above. We empirically determined 25-mer probes
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to be the most specific under the conditions of the reaction. Longer triplex forming probes can
accordingly be more specific than shorter triplex forming probes.

It can oceur that a mismatehed triplex, formed when a 25-mer probe is complexed with a
duplex target in the presence of YOYO-1, produces emission which is less than the probe
control emission {compare sampies 13 and 143 (Table 1). This result can oceur becauss, while
YOYO-1 can facilitate self-association of the probes giving rise to an emission upon irradiation,
such seff-association and the complex with YOYO-] appears to disperse upon introduction of
the duplex target without a large enough offsetting gain in fluorescence from YOYO-I
intercalation into the minor groove of the duplex target and into new grooves created by any
mismatched triplex formed. Assay emissions from mismatched triplexes, which are less than
emissions from the relevant probe conirol emission provide a very desirable characteristic ofa
hemogeneous in solution SNP assay. In this case, the method resulis in 2 binary assay signal for
SNPs present in genomic dsDNA targets.

seocBEmample . Lo a0 e iR e T s

Lo ‘This Example compares quadrupiex assay signats emitted when either | S-amer or 25-urer - -
+ - dsDNA probes havebeeh pre-incubated with YOYO-1.atvarious temperatures prior te.addition: - -

o ciothe reaction misture, o - DU L ey oL D
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w1+ . DupleX-probes were Created out of Complementary: senseand antisense I 5-mes or 25-mer

20, ;. .sequences, derived from exon 10 of the human cystic fbrosis gene; which were synthesized on.a - -0

DNA synthesizer, cariridge purified and then dissolved in ddH,O at a concentration of !
pmole/ul. Bguimolar amounts of complementary oligonucleotides were heated at 93°C for 10
min and aliowed to anneal gradually in the presence of 10 mM Tris, pH 7.5, | mM EDTA and
100 mM NaCl, as the temperature cooled to 21°C over 1.5 hours. DsDNA oligos were diluted
in ddH,O at a concentration of 1 pmole/ul.

Ds probe CF01-15 (SEQ 1D NG:10) comprised a 15-mer dsDNA probe designed to be
hornologous to a 15 nucleotide segment of the wild-type PCR-amplified 491 bp dsDNA target
(SEQ ID NO:1), overlapping amino acid positions 505 to 510 [Genomics 10, 214-228 (1991)].

The sequence for the sense strand of ds probe CF01-15 (SEQ ID NO:10) was: 5'-ATA
TCA TCT TTIG GTG-3'.

Ds probe CF16-15 and ds probe CF0S-15 comprised 15-mer mutant dsDNA probes
identical in sequence to wild-type ds probe CR01-15, except for 2 one bp mutation (underlined).

The sequence for the sense strand of ds probe CF10-15 (SEQ IDNO:11) was: 5'-ATA

TCG TCT TTG GTG-3’.
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The sequence for the sense strand of ds probe CF09-15 (SEQIDNO:12) was: 5-ATA
TCA TCT GTG GTG-3",

Ds probe CF01-25 (SEQ ID NO:13) was a 25-mer dsDNA probe designed to be
homologous 16 4 25 nucleotide segment of the wild-type PCR-amplified 491 bp dsDNA target
(SEQ ID NO:1), overlapping amino acid positions 504 to 512 [Genomics 10,214-228 (1991)]1.

The sequence for the sense strand of ds probe CF01-25 (SEQIDNQ:13) was: 5-AAA
ATA TCA TCT TIG GTG TTT CCT A-3.

Ds probe CF10-25 and ds probe CF05-25 were 25-mer mutant dsDNA. probes identical
in sequence to wild-type ds probe CF01-235, except for a one bp mutation (underlined).

The sequence for the sense sirand of ds probe CF10-25 {(SEQIDNO:14) was; 5'-AAA
ATA TCG TCT TTG GTG TTT CCT A-3.

The sequence for the sense strand of ds probe CF09.25 (SEQIDNO:15y was; 5°-AAA
ATA TCA TCT GTG GTG TIT CCT A-3-.

We have previously disclosed in, e.g., U.S. Patent No. 6,656,692 and U.S. Patent
- Application Publication No. 2003/0113716, that duplex probes, which are homologousito *
- duplex.targets, wilkbind specifically and detectably tosuch duplex targets Duplex probes and! -+
+;dpplex - fargets. may -also specifically -and detectably. ‘bind if there “exists- WatsoniCrick 7 7
.correspondence between proximal bases in the complex. Such “nested complemcntazy”bmdmg R
-cant less avidly ocourthan homologous: quadruplex binding however. -

;:20“;:‘._’,.: PR

v 125 pmoles-of wild-type or mutant dsDNA probe sweré pre-incubatedin 0.5 x TBE
buffer with 30-nM YOYO-1 either at RT (24°C) or at 30°C (on a hot plate) for | hrpriorto the
addition of 0.05 pmoies of PCR~amplified 491 bp dsDNA. target (SEQ ID NO:1) and 70 nM
YOYG-1. The 80 pi reaction mixtures were then incubated either at RT or at 30°C for 5
minutes, piaced into a quartz cuvette, irradiated with a Coherent solid siate laser having a
wavelength of 488 nm and monitored immediately for fluorescent emission. The laser
irradiation period was 70 msec and delivered 80 W/om® radiation. The emitted light was
collected by Ocean Optics CCD and documented by Ocean Optics software.

- Pre-incubation of the dsDNA probe controls with 30 aM YOYO-1 for 1 br at 30°C,
greatly reduced the emission intensity of each dsDNA probe control, Wher pre-incubated probe
as described was added to the reaction mixtures, the highest emission intensities were produced
by dsDNA:dsDNA quadruplexes consisting of perfectly matched paraliel homologous duplexes
(491 bp dsDNA + ds probe CF01-15 and 491 bp dsDNA + ds probe CF01-25). Additionally,

incubation of the reaction mixture at 30°C resuited in enhanced emissions from samples
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containing matched 15-mer or 25-mer homologous quadruplexes, than did the same complexes
incubated at RT. The perfectly matched homologous quadruplex emission gains were most
evident when 2Z5-mer dsDINA probes were used in the reactions incubated at 30°C (data not
shown). Sensitivity and specificity of a YOYO-1 promoted and signaled SNP assay can
accordingly be eﬁhnnccd by pre-incubation of'the probe prior to addition fo the reaction mixture
and atso by incubation of the reaction mixture at non-denaturing temperatures higher than RT.

Incompletely homologous probe and target combinations generating a 1 bp A-C
mismatched complex (491 bp dsDNA +ds probe CF10-15) ora 1 bp T-C mismatched complex
(491 bp dsDNA + ds probe CF09-15) resulted in quadruplex asscciated fluorescent emission
intensities that were 61.3% or 67.8% lower, respectively, after 5 min of incubation at RT, than
those emitted from the perfectly matched parallel homologous quadruplexes at RT. Ongbp A-C
mismatched quadruplexes (491 bp dsDNA + ds probe CF10-25) or one bp T-C mismatched
quadruplexes (491 bp dsDNA +ds probe CF09-25) produced quadruplex associated fluorescent

" emission intensities that were both 100% lower after 5 min of incubation at RT, than those -
- emitted from the perfectly matched quadruplexes at RT. Greater specificity was obgerved:vhes
+- .. dsPNA target was complexed with homologous 25-meér dsDNA probes, than when cofplexed™ -+

© v -withhomologous L5-mer dsDNA probes to dsDNA: target.” Adcordingly longer duplex’nrdbizs -

cari-be:more specific-than shorter duplex probes: For SNP assaying 25-mer duplex probes are:
.+« ~The quadruplex ‘associated fluorescent - intendities emitted from 'a one ‘bp: A-C"
mismatched dsDNA:dsDNA quadruplex formed with a 15-mer probe (491 bp dsDNA + dg

probe CF10-15) or formed with & 25-mer probe (491 bp dsDNA -+ ds probe CF10-25) were

41.5% and 83.2% lower, respectively, after a 5 min incubation at 30°C, than those emitted from

the perfectly matched quadruplexes at 30°C. The quadruplex associated fluorescent intensities

emitted from a one bp T-C mismatched dsDNA:dsDNA quadrupiex formed with a 15-mer probe

{451 bp dsDNA + ds probe CF09-15) or formed with a 25-mer probe (491 bp dsDNA -+ ds probe

CF05.25) were both 100% Jower atier 2 5 min incubation at 30°C, than those emiticd from the

perfectly matched quadruplexes at 30°C,

* Pre-incubation of the 25-mer dsDNA. probe with 30 nM YOYO-1 for I hr at 30°C prior
to quadruplex formation at 30°C resulted in greater sensitivity and specificity than that achieved
after pre-incubation of the 25-mer duplex probe with 30 1M YOYO-1 for | hr at RT or than that
achisved aﬁ:er pre-incubation of a 15-mer dsDNA probe with 30 nM YOYO-1 at 30°C for 1

hour. Significant intensity gains of YOYO-1 emission were observed for perfectly matched
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quadrupiexes formed with either 15-mer dsDNA probes or with 25-mer dsDNA probes when the
reaction mixtures were incubated at 30°C instead of RT. The gains were most pronounced when
25-mer dsDNA parallel homologous probes were used. Accordingly, ds 25-mer probes can be

more sensitive and épcciﬁc than comparable ds 15-mer probes,

Example 3

This Example describes triplex formation of purified human genomic dsDNA targets
reacted with 15-mer, 20-mer, 25-mer or 30-mer ssDNA probes at RT in the presence of YOYO-
1.

Human genomic dsDNA was extracted from a blood sample using a QIAamp DNA
blood purification kit (QIAGEN, Mississanga, Canada), as per manufacturer’s instructions. The
concentration of the genomic dsDNA was determined by UV spectroscopy.

Antisense 15-mer, 20-mer or 25-mer ssDNA probes, with sequences derived from exon
10 of the human cystic fibrosis (CFTR) gene, were synthesized on a DNA synthﬂmzcr cartridge

purified and dissolved in ddH,Q:at a-concentration of 1-pmole/ul.

- Probe Delta F508-WT15C (SEQ IDX NO:4) wasa 15-mer wfid—type sSONA probe
wr ddenticalinsequenceto probeGEOL-15, - 0 e r s e e e e
- Probe Delta- FS08-MUT15C (SEQ ID NO0:16) was 2 #5-mer mutant 5sDNA probe @

* desigped to be complementary to 2 15 nucleotide segment of the'sense strand of exon-10 ofthe *

- human cystic fibrosis gene, except for a consecutive three base déletion at amino dcid positions™

507 and 508 where the wild-type antisense sequence AAG is deleted.

The sequence for probe Delta F508-MUT15C (SEQ ID NO:16) was: 5°-AAC ACC
AAT GAT ATT-3.

Probe Delta F508-WT20C (SEQ 1D NO:17) was a 20-mer wild-type ssDNA probe
designed to be complementary to a 20 nucleotide segment of the sense strand of exor 10 6f the
human cystic fibrosis gene, overlapping amino acid positions 506 to 512.

The sequence for probe Delta F508-WT20C {(SEQ ID NO:i?)‘ was: 5-TAG GAA
ACA CCA AAG ATG AT-3.

Probe Delta F508-MUTZ20C (SEQ ID NO:18) was a 20-mer mutant ssDNA. probe
designed to be complementary to a 20 nucleotide segment of the senge strand of exon 10 of the
human cystic fibrosis gene, except for a consecutive three base deletion at amino acid positions
507 and 508 where the wild-type antisense sequence AAG is deleted.

The sequence for probe Delta F508-MUT20C (SEQ ID NO:18) was: 5-ATA GGA
AAC ACC AAT GAT AT-3",
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Probe Delta F508-WT25C (SEQ ID NO:7) was a 25-mer wild-type ssDNA probe
identical in sequence to probe CF01-25. _

Probe Detta F508-MUT25C {SEQ ID NO:19) was & 25-mer mutant ssDNA probe
designed to be complementary to a 25 nucleotide segment of the sense sirand of exon 10 of the
human cystic fibrosis gene, except for a consecutive three base deletion at amino acid positions
507 and 508 where the wild-type antisense sequence AAG is deleted.

The sequence for probe Delta F508-MUT25C {SEQ ID NO:19) was: 5'-ATA GGA
AAC ACC AAT GAT ATT TIC T-3. .

The reaction mixture (80 ul) contained the following: 500 pg of hurnan genomic dsDNA
target (approximately 75 copies), 3.2 pmeoles of either 15-mer, 20-mer or 25-mer ssDNA. probe,
0.5 x TBE and 600 nM YOYO-1. Fluorescent emissions from the reaction mixtures were
detected using the Genexus Analyzer comprising 2 15 mW argon ion laser and PMT settings of
34% after 5, 13, 30, 45 and 60 minutes of incubation.

The ssDNA. probe conirois produced high levels of fluorescent emission in the presence”

of 600 tM. YOYO-1 as compared:to thatemitted from the genomic dsDNA target controfalso t
comprising 600-nM YOYO-1:25-mer probs cbﬁtrols‘exhibited higher levels of flugréscence .
~ -+ thap did the cornparable 20-mer or 15-mer probe controls (Table 2). Fluorescencs Bmission 7+
«+ values from-the reaction ‘mixtures were; normalized -toidentify tripiex-associated: signal by
. subtracting the appropriate probe: control emission value from the relevant feaction mixture.

BT T

- emission, both of which were monitored gver-timer . - S N £ ALt LA

Heteropolymeric perfectly matched DNA triplexes, consisting of genomic dsDNA and
25-mer Delta F508-WT25C probe (sample 5), formed and were detected after as little asa 5 min
incubation in the presence of 600 nM YOYO-1 (Table 2). It is truly remarkable that perfect
match triplex related emissions can be significantly greater than the combined emissions of
genomic dsDNA target control and probe control. It is also remarkable that under certain
conditions, the emission leveis of these perfectly matched DNA triplexes (sample 5) were
essentially stable at various time points up to 55 min following the initial 5 min incubation and
first laser measurement (Table 2 and data not shown). The ohservation that the detected triplex.
complexes formed in the first 5 minutes were stably detected throughout the 60 minute period
strongly suggests that equilibriwm of the genomic target and the other reagents had been
substantially achieved after only five mimutes of incubation at RT. The foregoing observations
constitute evidence agail;st the “random collision” mode! of nucleic acid binding, Time
constraints imposed by manual handling steps have precluded ns from monitoring triplex

formation with genomic targets during incubations shorter than 5 minutes.
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. ratherthan 25-meyr ssDNA-probes. v o L

The triplex-associated fluorescent emission intensities produced by a gDNA:ssDNA
triplex containing a 3 bp mismatch (genomic dsDNA + probe Delta F508-MUT25C) (sample 6)
were 90.1%, 92.9%, 92.5% and 91.6% lower after 5, 15, 30 and 45 minute incubations,
respectively, than those emitted by the perfectly matched triplex (sample 5} (Table 2). These
results ciearly demonstrate the capability to assay human genomic dsDNA homogeneously in
solution, at RT, after as littie as 5 minutes of incubation, using unlabeled oligo ssDNA probes
and YOYO-1. Such heteropolymeric iriplexes can be formed to detect SNPs in human genomic
samples, a sequence in a human genomic sample, or the presence or genotype of another
organism or pathogen in a sample also containing human genomic dsDNA. The assay provides
for the direct detection of & signal related to the triplex complex. We sometimes refer to the
complex as the INGENEUS TRIPLEX and the assay capability disclosed in this invention as the
Genomic Assay.

Heteropolymeric perfectty matched DNA triplexes, consisting of genomic dsDNA and
20-mer Delta F508-WT20C probe (sample 10}, also formed and were detectad afier a 5'minute

- -incubation in the presence of 600 nM-YOYO-1(Table 2). The efficiency of perfect miateh -
- triplex formation following a 5 minute incubation with YOYO-1 appeared to.be significantly

. +less, as gvidenced by the level of flucrescent emission; when 20-mer ssDDNA probes were ubed, o

.~ The-triplex-associated fluorescent intensities for - 20-mer triplex containing & 3 bp

- mismateh. (genomic: dsDNA. + probe Pelta ES08-MUT20C) (sample 11) were 43.0%:77.6%,

85.9% and 95.5% lower after 5, 15, 30 and 45 minute incubations, respectively, than those
emitted by the comparable perfectly matched 20-mer triplex (sample 10) (Table 2). Although
the level of discrimination between perfectly matched 20-mer triplexes and 3 bp mismatched
triplexes comprised of genomic dsDNA and 20-mer ssDNA probes was noticeably lower than
that observed for tripiexes comprised of genomic dsDNA and 25-mer ssDNA probes aftera 5
minute incubation, incubation up to 45 minutes resulted in a progregsive increase in
discrimination levels between matched and mismatched 20-mer triplexes {Table 2). This was
atiributed to 2 steady increase of perfect match 20-tner triplex. formation over time coincident
with a progressive decline of mismatched 20-mer triplex formation. This pattern continued and
was monitored during the period of'45 and 60 minutes of incubation (data not shown). After 43
minutes of incubation the discrimination levels between matched and mismatched triplexes
composed of genomic dsDNA and 20-mer ssSDNA probes were equivalent to the discrimination
tevels between matched and mismatched triplexes composed of genomic dsDNA and 25-mer

ssDNA probes {Table 2), though with iower triplex-associated fluorescent emission signals.
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Significantly lower levels of fluorescence emissions from 15-mer perfect matoh triplex
were observed when genomic dsDNA and probe Delta F508-WT150 {sample 15) were
incubated for 5 minutes in the presence of 600 nM YOYO-1 {Table 2}, Fluorescence emissions
observed from 3 bp mismatched 15-mer triplexes comprised of genomic dsDNA and probe
Delia F508-MUT15C (sample 16) were higher after short incubation than that of the perfectly
matched 15-mer triplexes (sample 15). However, after 45 minutes of incubation i the presence
of 600 nM YOYO-1, mismatched 15-mer triplex-associated fluorescence had declined
sufficiently that the triplex-associated fluorescent emijssion from the 3 bp mismiatched 15-mer
triplex {sample 16) was 83.1% lower than that of the perfectly matched 15-mer iriplex (sample
15)(Table 2). This discrimination was maintained following 60 minutes of inonbation {(datanot
shown)},

The above results clearly demonstrate the astonishing efficiency of the heteropolymeric
triplex assay to detect SNP mismatches in non-denatured, non-amplified, human genomic
dsDNA targets, preferably when using YOYO-1 and 25-mer ssDNA probes. The senstiivity of

- te heterapoiymeric triplex assay,of genomic dsDNA targets is astonishin g considering that 500 .-
. pg of genomic dsDNA, approximately 75 copies, was- assayed homogeneously in areaction = -~
- mixture final yohime of 80 k. -SNPs In human genomic targets-weighing from 2 ng 10 100 pg
... approximately 302 copies to.15 copies, have similarly been assayed in-solution usingvaried «- -
. YOYO-] concentrations. . _ e
| » . Antisense 20-mer, 25-mer or 30-mer-ssDNA probes, with sequences derived from exon; « 7
4 of the human methylenstetrahydrofolate reductase (MTHFR) gene, were synthesized on a
DNA. synthesizer, cartridge purified and dissolved in ddF,O at a concentration of | pmole/ i
Probe C677T-WT20C (SEQ ID NO:20) was a 20-mer wild-type ssDNA probe designed
to be complementary o a 20 nucleotide segment of the sense strand of exon 4 of the human
MTHFR. gene [Nature Genetics 7, 195-200 (1994)1.
The sequence for probe C677T-WT20C (SEQ ID NO:20) was: 5°-TGA TGA TGA
AAT CGG CTC CC-3°,
Probe C677T-MUT20C (SEQ ID NO:21) was a 20~mer mutant ssDNA probe identical
in sequence to wild-type probe C677T-WT20C, except for a one base muiation (underlined).
The MTHFR 677 polymorphism is a cytosine to thymine substitution in the sense strand of the
MTHFR gene, resulting in an alanine to valine substitution in the MTHFR enzyme,
The sequence for probe C677T-MUT20C (SEQ ID NO:21) was: 5°-TGA TGA TGA

AAT CGA CIC CC-3°.
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- Thereaction mixtures (86 ul) contained the fol!e:)wjng; #ng or 2 ng of human genomic - -
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Probe C77T-WT25C (SEQ ID NO:22) was a 25-mer wild-type ssDNA. probe designed

to be complementary to a 25 mucleotide segment of the sense strand of exon 4 of the human

- MTHFR pene.

The sequence for probe C677T-WT25C (SEQ ID NO:22) was: 5°-TGA TGA TGA
AAT CGG CTC CCG CAG A-3.

Probe C677T-MUT25C (SEQ ID NO:23) was a 25-mer mutant ssDINA probe identical
in sequence to wild-type probe C77T-WT25C, except for a one base mutation (underlined),.

"The sequence for probe C677T-MUT25C (SEQ ID NO:23) was: 5'-TGA TGA TGA
AAT CGA CTC CCG CAG A-3.

Probe C677T-WT30C (SEQ ID NO:24) was a 30-mer wild-type ssDNA probe designed
o be complementary to 2 30 nucleotide segment of the sense strand of exon 4 of the human
MTHFR gene.

The sequence for probe C677T-WT30C (SEQ ID NQ:24) was: 5’-GCG TGA TGA
TGA AAT CGG CTC CCG CAG ACA-3.

- i Probe GETF-MUE30C (SEQ IDNO:25) was.a 30-mermutant ssDNA probe identical

dsIINA. target (approximately-151 copies or 302 coples, réspectively),i3.2 pmoles of either 20:  +:

mer, 25-mer or 3C-mer ssDNA probe, 0.5 x TBE and 560 oM YOYO-1. Fluorescent emissions
of the reaction mixtures were monitored with the Genexus Analyzer 15 mW argon ion laserata
setting of 30% PMT afier 5, 15, 30, 45 and 60 minutes of incubation, as described in Example 1.

Very different fluorescence emission levels were observed for the wild-type and mutant
ssDNA probe confrols, due to differences in levels of self-hybridization characteristic of each
probe ssquence in the presence of YOYO-1 under these conditions (Table 3). 30-mer probes
exhibited higher leveis of fluorescence than did the 25-mer or 20-mer probes. Finorescence
emissions from reaction mixtures were normalized to identify triplex-associated signal by
subtracting the appropriate probe control emission vailue from the related reaction mixture
emission, both of which were monitored over time.

Heteropolymeric perfectly matched 3 O-mer and 25-mer triplexes, consisting of genomic
dsDNA and either probe C677T-WT30C or probe C677T-WT25C (samples 5 and 10 in Table 3,
respectively), formed during a 5 minute incubation in the presence of 500 nM YOYO-1. The

perfect match 30-mer and 25-mer triplex-associated signal levels were both significantty greater
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than the combined fluorescence signals of target genomic dsDNA control plus related probe
controls after only 5 minutes of incubation. That the 30-mer and 23-mer tripiex complexes
formed and were directly detected after 5 minutes of incubation and that the detection signals
were stable thréughout the ensuing 55 minute period (Table 3) suggests that equilibrivm had
been substantially achieved afier only five minutes of incubation. Using half the amount of
genomic dsDNA target, i.e. | nginstead of 2 ng in the genomic tripiex assay, surprisingly did
not result in a proportionate decline in triplex-associated sigpal emitted from the perfectly
matehed 30-mer or 25-mer triplex complexes formed (data not shown). Perfectly matched 25-
mer triplexes formed with similer efficacy, as evidenced by the comparable levels of reaction
mixture fluorescent emissions {data not shown). Based on the level of iriplex-associated
fluorescent emission, perfectly matched 25-mer tripiexes formed more efficiently than did
perfectly matched 30-mer tripiexes, under the reaction conditions tested {compare samples 10

and 5 in Table 3).
The triplex-associated fluorescent emission from a 1 bp C-A mismatched 30-mer

» wriplex. in'a reaction mixture comprised of 2ngigenomie dsDNA and probe C677T-MUTI0C) -

< (sample. 6y was 90.4%, :92:6%, 924% . and 93.3% lower after $.15, 30 and 45"mimite -~ -
‘incubstions; respectively, tham thdt €mitted from-the réaction mixturé containing the BeRfoihy
_maiched 30-mer triplex. (samiple 5), each evaluated after comparable -incubation (Table 3y,

- Similarly, when 1 ng:genomic dsDNA wasreacted with’prdbe CE77T-MUT30C to format bp

20.

25

30

C«A mismatched  30-mer-iviplexy the tripleXsassosiated flucrescent emission from this: o

mismaiched iriplex was 80.2%, §4.9%, 86% and 87.3% lfower after 5, 15, 30 and 45 minute
incubations, respectively, than that emiited from the reaction mixture containing the perfectly
matched 30-mer triplex, each evaluated after comparable incubation (data not shown). These
results clearly demonstrate the efficiency of the signal emitted by the INGENEUS TRIPLEX
using 30-mer ssDNA probes to detect SNP mismatches in human genomic dsDNA targets. Ttis
remarkable that a | bp mismatch in a 30-mer INGENEUS TRIPLEX can be so destabilizing to
allow such high levels of discrimination between perfectly matched 30-mer triplexes and
mismatched 30-mer triplexes in the presence of YOYO-1 and a human genomic DNA sample,

When 2 ng genomic dsDNA was reacted with probe C677T-MUT25C to forma 1 bp C-
A mismatched 25-mer triplex (sample 11, Table 3), the triplex-associated fluorescent emission
from the reaction mixture containing this mismatched triplex was 98.1%, 99.0%, 99.3% and
99.4% lower afier 5, 15, 30 and 45 minute incubations, respectively, than that emitted by the
reaction mixture containing the perfectly matched 25-mer iriplex (sample 10). The fluorescent

emission from & reaction mixture containing a 1 bp C-A mismatched 25-mer triplex comprised

30



10

15

20,

25

30

- containing human genomic DNA, © -

of 1 ng genomic dsDNA and probe C677T-MUT25C was 91.4%, 93.7%, 94.4% and 95.2%
lower after 5, 15, 30 and 45 minute incubations, respectively, than that emitted by a reaction
mixture contaiping the perfectly matched 25-mer triplex (data not shown). These results
collectively demonstrate the high tevel of specificity of the hieteropolymeric triplex assay when
practised with either 30-mer or 25-mer ssDNA probes and YOYO-1 to detect SNP mismatches
in human genomic dsDNA targets,

The efficiency of formation of heteropolymeric perfectly matched 20-mer triplexes in
reaction mixtures containing either 2 ng or 1 ng of genomic dsDNA and probe C677T-WT20C
(sample 15 in Table 3 and data not shown, respectively) was significantly less than those formed
with comparable 25-mer or 30-mer probes. Athough the lovel of discrimination between
perfectly matched 20-mer tripiexes (sample 15) and 1 bp mismatched friplexes (sampie 16)
comprised of genomic dsDINA and 20-mer ssDNA probes was noticeably lower than that
observed for triplexes comprised of genomic dsSDNA and 25-mer or 30-mer ssDNA probes after
a 5 minute incubation, incubation up to 45 minutes resulted in a progressive incrsase in
discrimination levels berween maiched and‘mismatehed 260-merriplexes (Table 3). .. o

. " Theabove results demonstrate that 23-mer or 30-merssDNA probes are ciearly prefarred =

- pver shorterlength probes of 15 or,20.bases for the heteropolymeric triplex assay of samples” 7

. .-Dxampled-.. oo -
Example 4 demonstrates the effect of eléctrical pretreatment of test medium on
subseqguent heteropotymeric triplex formation between ssDINA probes, YOYO-1 and human
genomic dsDNA targets. Previously we have disclosed the advantages of electrical pretreatment
of medium before addition to a reaction mixture containing targets of less complexity than
human genomic dsDNA. See U.S. Patent Application Publication No, 2003/0170659,

Test medium comprising 0.7 X TBE in a 1.5 m! microcentrifuge tube was either
untreated or elecirically pretreated prior to use. Test medium was electricaily pretreated by
means of two platinum/iridium electrodes 2 mim apart immersed in the test medinm. Forty 500
msec pulses of nine volts of DC current, separated by 10 second intervals, were applied to 56 !
of test medinm consisting of 0.7 ¥ TBE. Immediately after the final pulse of DC current, 3.2
pmoles of heteropolymeric 25-mer ssDNA probe (SEQ ID NO:7 or SEQ ID NO:19), 500 pg of
human genomic dsDNA target (approximately 75 copies) and YOYO-1 were added to the
unireated and electrically pretreated test media to produce resction mixtures with a final volume

of 80 1. The final buffer concentration was 0.5 X TBE., and the final YOYO-1 concentration
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was 600 nM. Fluorescent emissions were monitored with the PMT set at 30% after 5, 15, 30, 45
and 60 minuies of incubation.

While reaction mixtures containing perfectly matched DNA triplexes (gcnomiﬁ: dsDNA
+ probe Delta F508-WT25C) emitted the highest fluorescent intensity, reaction mixtures
containing incompletely complementary triplexes with a 3 bp mismatch (genomic dsDNA +
probe Delta F508-MUT25C) produced triplex-associated fluorescent emissions that were § 4.7%,
79.9%, 84.7%, 98.6% and 90.5% lower after 5, 15, 30, 45 and 60 mimutes of incubation,
respectively, than those emitted by the perfectly matched triplexes in the untreated medium after
comparabie incobation (data not shown),

Applicaticn of forty 9V pulses to the test medium prior to addition of test components
resuited in approximately & 2-fold decrease in flucrescent emission levelsof ssDNA probe
control, as compared to that observed with the same control in untreated test medium. No
difference however in the fluorescence emission from the genomic dsDNA control followed

from electrical pretreatment of the test medium. Electrical pretreatment of the test mediurm as

described dramatically enhanced the signal emitted'from reastion mixtures comtainingperfectly - -

- increase as.ppgnpared to that observed: with- the:saine: perfectly. matched ‘triplex formed in - -

untreated iest-medini (data not shown):- Signal emitted from thiee bp mismatched friplex - -

formation (genomic dsDNA + probe Delta F508-MUT25C) was also significantly increased by

-the application of forty 9V pulses to the test medium, such that the triplex-associated flitorescént -

emission from the reaction mixtures containing 3 bp mismatched complexes in the pretreated
meditm was only 17.4% lower after a 5 minute incubation, than that obtained by the perfectly -
matched complexes (data not shown}. The extraordinary high levels of flucrescent emission of
both matched and mismatched heteropelymeric 25-mer DNA iriplexes were not only sustained
over time, but increased slightly throughout the 60 minute incubation pericd monitored.

This dramatic increase in emitted triplex-associated signal demonstrates a dramatic
ability to increase the sensitivity of the triplex assay using 25-mer ssDNA probes and YOYO-1
by practising electrical pretreatment of test medium prior to addition of analyie and reagents.
Such increased sensitivity will aliow for detection of far fewer than 75 copies of a sequence of

inferest present in a reaction mixture baving & final volume of 80 ul even in the presence of

human genomic background.
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v wThesequenice for probe FVL-WT25C (SEQ IDNO: 26} was: 5-CCE TCOT GTATTE

HCTEBEC TOT-COAGE v < e o mwyd o e

Pxample 5

‘This Examplé demonstrates the ability of the INGENEUS TRIPLEX to form specifically
on human genomic dsDNA targets, purified from blood or saliva, over a range of target
concentrations reacted with 25-mer ssDNA probes in the presence of YOYO-1,

Human genomic dsSDNA was exiracted from a human blood sample using a QlAamp
DNA blood purification kit (QIAGEN., Mississauga, Canada) or from human saliva using an
Oragene DNA collection kit (DNA Genotek, Ottawa, Conada) as per manufacturer’s
instructions. The concentration of the genomic dsDNA was determined by UV spectroscopy,

Antisense 25-mer ssDNA probes, with sequences derived from exon 10 of the human
factor V gene or sequences derived from intron 14b of the human cystic fibrosis (CFIR) gene,
were synthesized on 2 DNA synthesizer, cartridge purified and dissolved in ddH,0 at &
cancentration of 1 pmole/pl.

Probe FVL-WT25C (SEQ ID NO:26) was a 25-mer wild-type ssDNA probe designed to

-be complementary to a 25 nucleotide segment of the sense strand of exon 10 ofthe fuman factor

ERINART DT (T
T

» L Probe FVL-MUT25C.(SEQ ID NO:27ywas 4 25-meér mutant ssDINA probe identical it -

- asequence:fo.wild-type ‘probe FVL-WT25C, except foi' a°one base ‘mutation” {(underlined) -

corresponding to. the: Factor:V Leiden (FVL) t‘nu'tati'on,-’GI'E%A'{E*Tatureﬁ_ﬁg"ﬁﬁ@-ﬁ?'{i994@1.‘"’

acid sequence of the coagulation factor V protein.
The sequence for probe FVL-MUT25C (SEQ ID NO:27) was: 5°-CCC TCT GTA

TTC CTT GCC TGT CCA G-3°.
Probe 2789+5G->A-WT25C (SEQ ID NQ:28) was a 25-mer wild-type ssDNA probe

designed to be complementary to a 25 nucleotide segment of the sense strand of exon 14b and

intron 14b of the human CFTR gene.
The sequence for probe 2789+5G->A-WT25C (SEQ ID NO:28) was: 5-AAT AGG

ACA TGG AAT ACT CAC TTT C-3°.

Probe 2789+5G>A-MUT25C (SEQ ID NO:29) was a 25-mer mutant ssDNA probe
identical In sequence to wild-type probe 2789+5G->A~-WT25C, except for a one base mutation
(underlined) carresponding to the 2789+5G->A mutation in intron 14b of the human CFTIR

gene.
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The sequence for probe 2789+5G->A-MUT25C (SEQ ID NO:29) was: 5°-AAT AGGC
ACA TGG AAT ATT CAC TTY C-3°.

The reaction mixturs (80 ui) contained the foilowing: amounts from 73 pg to 4 ng of
human genomic dsDNA target (approximately 11 copies to 604 copies), 3.2 pmoles of 25-mer
ssDNA probe, 0.5 x TBE and 500 nM YOYO-1. Fluorescent emission from the reaction
mixtures were monitored with a PMT setting of 30% affer 5, 15, 30, 45 and 60 minutes of
incubation,

Different fluorescence emission levels were observed for the wild-type and mutant
ssDNA probe controls,  Fluorescence emission values from reaction mixtures were normalized
to identify triplex-associated signal by subtracting the appropriate probe control emission vaiue,
both of which were monitored over time.

Heteropolymeric perfectly matched 25-mer triplexes, consisting of either 2 ng, 1 ng, 500
pg or 200 pg gestomic dsDNA (purified from blood) and probe FVL-WT25C (samples 5,8, 11
and 14 in Table 4, respectively), formed during a 5 minute incubation in the presence of 360 nM

YOYO-1. The perfect match 25-mer triplex signaldevels were all significantly greaterithén the

, . combined fluorescence signals of target gzeriomic dsDNA control and wild-type probé contro] -
wo v afterionly 5 minutes of incubation. “When 1 ng genomic dsDNA was present in the Feaction

© mixture there was-a progressive increase in perfectly matched 25-mer triplex fluorgidefics -~

oo+ wremissien (sample 8, Table 4) throughout the 60 minute ‘iﬁcubeiiion‘period.' While detfeating
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* emissions, decreasing genomic dsDNA concentrations in the reaction mixiure did not resultin a
propertionate decline in triplex-associated emissions from the perfectly matched 25-mer triplex
formed (Table 4),

The triplex-associated fluorescent emissions from reaction mixtures containing a I bp G-
T mismatched 25~mer triplex and genomic targets weighing between 2 ng and 200 pg and probe
FVL-MUT25C (samples 6, 9, 12 and 15 in Table 4) were all 100% lower after 5,15,30,45 end
60 minute incubations than those emitted by the reaction mixtures containing perfectly matched
25-mer triplexes and comparable amounts of genomic dsDINA and probe FVL-WT25C (samples
5,8, 11 and 14, respectively, in Tabie 4). As discussed in Example 1, YOYO-1 facilitated sel{-
association of the probes appears to be greatly diminished upon introcustion of the genomic
duplex target resuiting in a decline in YOYO-1 emission, without a sufficiently large offsetting
gain In fluorescence from intercalation info the duplex target and any mismatched triplex

formation. 'This may result in the fluorescent emissions from reaction mixtures containing
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. <ontrel vaiue (datanot showny St L e o

mismatched genomic DNA triplexes being less than the emissions from comparable probe
cantrols,

Heteropolymeric perfectly matched 25-mer tripiexes, in reaction mixtures containing
either 4 ng, 2 ng, 1 ng, 500 pg, 200 pg, 100 pg or 75 pg genomic dsDNA (purified from blood)
and 3.2 pmoles of probe CFTR 2783+5G->A-WT25C formed with efficiency similar to the
perfectiy matched 25-mer triplexes composed of genomic dsDNA and prabe FVL-WT25C
(shown in Table 4) after 2 5 minnte incubation in the presence of 500 nM YOYO-1 {data not

shown}. The CFTR perfect match 25-mer triplex-associated emissions wete all significantly

greater than the combined fluorescence emission of target genomic dsDINA contral and related:

probe control emission. As was usual wnder the assay conditicns employed, the triplex-
associated emissions from the reaction mixtures were stable throughout the 60 minute

incubation period {data not shown).

The triplex-associated fluorescent emission from a reaction mixture containinga 1 bp T~ -

(3 mismatched 25-mer iriplex comprised of between 4 ng and 75 pg genomic dsDNA énd probs™ ©

.. Lhe.above results clearly demonstrate the astonishing efficiency and sensitivity of the: "

2T8IHSG>A-MUE25Cowere all 100% lower after 5, 15,30, 45 and 60 minute incubations'thian - -

.+ those emitted by thereaction mixtures containing perfectly matched 25-mer triplexes compirising =

. ¢oniparable amounts.of genomic target DNA- and-afier being normalized 16 the relevant piébe ©

I P

INGENEUS TRIPLEX fo enable the Genomic Assay to directly detect various mismtches'in &

various genes in non-denatured, non-amplified, human genomic dsDNA. targets, over a broad =

range of genomic dsDNA concentrations. The foregoing assay capability is all the more
astonishing as it allows no more than 75 pg of genomic dsDNA, approximately 11 copies, to be
assayed for SNPs on equipment available to researchers that has not been optimized for
sensitivity of detection, or to work with final volumes iess than 80 pl.

Numerous SNPs have been successfully assayed using the Genomic Assay using
essentially the same assay protocol described in this Example. On occasion, variations in
reagent concentrations or protocol were made. The SNPs assaved include Factor V Leiden
G1691A, MTHFR C677T, CFTR delta F508, CFTR delta I507, CFTR 2785+5G->A, CFTR
3849-+10kbC>T, CFTR 3659delC, CFTR G351D, CFTR 62 B1G->T, CFTRR1162X, CFTR
1717-1G->A, CFTR A455E, CFIR G542X, CFTR NI303K, CFTR R560T and CFTR
W1282X. Seventy-five percent of the target sequences in the duplex targets assayed in the

above-meniioned Genomic Assays contained one or more regions of 4 or 5 alternating purine
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* throughout the 45 minute period that they were monitored.

- 45 minute incubations, respectively, than those emittsd by the reaction mixtures contgiming .

and pyrimidine bases, which under mild conditions may form regions of Z DNA. This Z DNA
potential resulted in no assay difficulfy in carrying out Genomic Assays.

In all these instances human genomic dsDNA samples purified from blood were assayed.

Genomic triplex assays were also performed for the CFTR 2789+5G->A mutation using
genomic dsDNA purified from saliva samples, which had been stored at RT for 1 week
foliowing incubation at 50°C for 30 min. The 50°C incubation is recommended by the
manufacturer of the Oragene kit to allow long-term storage of saliva samples at RT.

Table 5 compares the assay results obtained from human genomic dsDNA purified from
saliva to those of human genomic dsDDNA purified from blood, Either 4 ng or 2 ng of human
genomic dsDNA was assayed using 3.2 pmoles of probe 2789+5G->A-WT25C (samples 5 and 8
in Table 5). Emissions from the reaction mixtures indicated that matched triplexes formed with
equivalent efficiency (samples 5 and 8 in Table 5 and data not shown) afier a 5 minute

incubation, in the presence of 500 nM YOYO-1. The tripiex-associaied emissions wers stabie

S W

-+ < The triplex-associated:-fluorescent emissions from reaction mixtures containinga L bpT- 10
&3 mismatched 25-mer triplex comprised of ‘4 'ng genomic’ dsDNA and probe 27804+5G3 43
MUT25C (sample 6, Fable 3) were 94.9%;°93.1%;94 1% and 93:8% lower after 5, 15720 asg =

-« perfectly maiched 25-mer triplexes (sample:5 in Table 5). -Similarly when 2 ng genomicdsDINA 5

+ . -was.reacted with the.same probe to form a'1 bp 1-G mismatched 25-mer triplex {sample- ¥

Table 5), the triplex-associated fluorescent emissions were 100%, 97.7%, 100% and 100%
lower after 5, 15, 30 and 45 minute incubations, respectively, than those emitted by the reaction
mixtures containing perfectly matched 25-mer triplexes (sample 8, Table 5).

The sbove results demonstrate that the Genomic Assay of human genomic DNA purified
from saliva can be as efficient and specific as one in which the human genomic DNA is purified
from blood. Extensive purification of genomic DINA, as ocours when using Qiagen kits, may
therefore not be a requirement for the triplex assay of samples containing human genomic
dsDINA. Theacquisition efhuman gencmic DNA for assay from saliva offers clear advantages
in handiing, storing and shipping over acquisition from blood. In side by side comparisons, ¥ ml
of peripheral blood purified by Qlagen kit vielded more than enough human genomic DNA to
carry out over 9,000 triplex assays as described in these Examples, if 3 ng were assayed per
reaction. A typical sputum sampie, semi-purified with an Oragene kit, produced enough human

genoinic DNA. for over 7,000 wriplex assays to be performed.
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It is ohserved that 211 of the data in these Examples is consistent with the conclusion that

YOYO-1 molecules complexed with a triplex nucleic acid emit more light than they do when

compiexed with duplex nucleic acid.

Example 6
This Example describes 2 SNP assay of human genomtic dsDINA targets reacted with 25-

mer ssDNA pi‘ohes in which the waxing and/or waning of emissions are monitored over time
and evaluated.

Fuman genomic dsDNA was extracted from a human bicod sample and quantitated as
described in Example 3. Antisense 25-mer ssDNA probes, with sequences derived from infron
19 of the human CFTR gene, were synthesized on a DNA synthesizer, cartridge purified and
dissolved in ddH;0 at a concentration of 1 pmole/pl.

Probe 3849+-10kbC->T-WT25C (SEQ I NO:30) was & 25-mer wild-type ssDNA probe

designed to be complementary to 4 25 nucleotide segment of the sense strand of intron 19 ofthe

. ‘human CFTR.gene: -

.. - Thesequence for probe 3846+10kbC->T-WT25C (SEQ IDNO:30) was: 5°-GTG TCT

< TAC TCG CCA TTTATAA TAC.T-3'.

Probe 3845-+10kbC->T-MUT25C (SEQ D NQ:31) was 2 25-mer mutarnt ssDMNA probe
identical in sequence-io. wild-type probe 384941 OkbC->T-WT25 C, excent for a one bass -
mutation (underlined) corresponding to the 3849-+10kbC->T mutation in fritron 19 of the humat: -

CFTR gene.
The sequence for probe 3849-+10kbC>T-MUT23C (SEQ ID NO:31) was: 5~ GTG

TCT TAC TCA CCA TTT TAA TAC T-3°.

Thareaction mixtures (80 nly contained the following: 2 ng ofhuman genomic dsDNA
target {approximately 302 copies), 3.2 pmoles of 25-mer ssDNA probs, 0.5 x TBE, 500 nM
YOYO-1 and either 40 mM or 43 mM of the kosmotropic cation teframethylammonium chioride
(TMA-CI). In cach experiment the reaction mixtures were formed in duplicate, one had YOY G-
1 added last to the reaction mixture. In the other reaction mixture, all components of the
remction mixture had been mixed before genomic DNA was added. In all cases reaction
mixtures were incubated for 5 min and irradiated. Floorescent emissions of the reaction
mixtures were monitored with the Genexus Analyzer 15 mW argon ion laser at a setting of32%
PMT afier 5, 15, 30, 45 and 60 minutes of incubation, as described in Example 1.

In the presence of 45 mM or 40 mM TMA-CI the fluorescent emissions from the wild-

type and mutant ssSDNA probe controls for sach SNP assaved were similar after 5 min of
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incubation (Tables 6, 7 and data not shown) and remained steady over a further 55 min time
course. Only the triplex-associated emission values obtained following 15 to 60 min of
incebation of reaction mixtures are shown in Tables 6 and 7.

The triplex-associated emissions from duplicate perfectly matched 25-mer triplexes in
reaction mixtures consisting of genomic DNA and probe 2789-+5G->A-WT25C (samples 5 and
9, Table 6), monitored after a 15 min incubation in the presence 0f 45 mM TMA-Cl and 500 niv
YOYO-1, were similar whether YOYO-1 or gDNA had been added Iast to the reaction mixtures.
Under both tripiex assay protocols the perfectly matched triplex-associated emissions
dramatically increased when monitored over a 60 min time period (Table 6, Figs. 1 and 2).

The triplex-asscciated ermissions from duplicate mismatched 25-mer triplexes in reaction
mixtures consisting of genomic DNA and probe 2789+5G->A~-MUT25C (samples 6 and 10,
Table 6), monitored afier a 15 in incubation in the presence of 45 mM TMA-Cl and 500 oM
YOYO-1, were similar whether YOYO-1 or gDNA had been added last to the reaction mixtures
and produced emitssions that were 55% or 54% lower than reaciion mixtures containing perfectly
matched triplexes (samples 5 and 9, respectively, Table 6}. - The triplex-associated entissions
from the mismatched“triplexes formed: in the reaction mixture to' which YOYO-i Had been
added lastiremained Félatively constant when monitored over a 60 min timeperiod (safiple’s,
Table:6 andFig. 1). ‘Since the corresponding perfectly matched triplex-associated eriissions -

increased significantly’over the monitosing period, the Ievel of discrimination betwesn perfactly -

- matched triplex signals and 1-bp mismatehed signals inereesed from 55% 10 65% in thereattion

mixtures to which YOYO-1 had been added last. The triplex-associated emissions from the
mismatched tripiexes formed in the reaction mixture to which gDNA had been added last,
increased slightly over time (sampls 10, Table 6 and Fig. 2}. However the rate of increase of
triplex-associated emission for the mismatched triplexes in these reaction mixiures was much
less than that from reaction mixtures containing comparable perfectly matehed triplexes; such
that the level of discrimination beiween perfectly maiched triplex-associated signals end 1 bp
mismatched triplex-associated signals increased from 54% fo 60% when monitored over the
time period.

The iriplex-associated emissions from perfectly matched 25-mer triplexes in reaction
mixtres consisting of genomic DNA and probe 3849+10kbC->T-WT25C (samples 5 and 9,
Table 7), monitored after a 15 min incubation in the presence of 40 mM TMA-CI and 500 nM
YOYQ-1, were simiiar whether YOYO-1 or gDNA had been added last to the reaction mixtures.
Under both wipiex assay protocols, the perfectty matched triplex-associated emissions increased

when monitored unti] the 60 min time point (Table 7, Figs. 3 and 4).
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In the reaction mixture containing 40 mM TMA-C], to which YOYO-1 had been added
last, the fripiex-associated emissions from a mismatched 25~mer triplex consisting of genomic
DNA and probe 3849+10kbC->T-MUT23C (sampie 6, Table 7) was 70%, 84%, 90%, 94%,
59%, 98%, 100%, 100%, 100%, 100% and 100% lower after 5, 15, 20, 25, 30, 35,40, 45, 50, 55
and 60 min of incubation, respectively, than that emitted from a similarly monitored reaction
mixture containing the perfectly maiched 25-mer triplex (sample 5, Table 7). In the reaction
mixture containing 40 mM TMA-CI, to which gDNA had been added last, the tfriplex-associated
emissions from a mismatched 23-mer friplex consisting of genomic DNA and probe
3849-+10kbC->T-MUTZ5C (sanple 10, Table 7) was 40%, 55%, 62%, 66%, 69%, 72%, 73%.
76%, 85% and 88% lower afier 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 min of incubation,
respectively, then those emitted from a similarly monitored reaction mixture containing the
perfectly matched 25-mer triplex {(sample 9, Table 7). '

Accordingly the addition of specific concentrations of TMA-CI or one or more

kosmotropic cations added separately or in combination to an assay reaction mixture can result

binding signais are low. Consequently there are advantages in carrying out assays in duplicate
employing various protocols or reagents 5o as to obtain signal whose several characteristics
confirm the scoring of the sample. We refer to these methods of detecting matched or
mismaiched binding collectively as the “waxing and waning” methods. It is very useful to
gemerate fluorescent signal Genomic Assays, which are not dependent merely on relative gains
in emission intensities, but also can employ rates and direction of change of significant
emissions over time.

When 2 ng of genomic DNA was reacted with either 25-mer Delta F508-WT25C probe
or 25-mer Deita F308-MUT235C probe in reaction mixtures containing 40 mM TMA-Cl and 500
M YOYQ-1, and either YOYO-1 or gINA had been added last to the reaction mixtures,
waxing and waning of perfect match triplex-associated emissions and mismatch triplex-
associated emissions was observed over the 60 min incubation period (data not shown). Inthis

instance triplex-associated emissions were also monitored after 24 hr of incubation of reaction
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1 in.a progressive yincrease in signal emissions .if perfect: match binding s occurring, - while: .o
~mismatelrbinding may.result in.a. progressive declinein signa! emissions from an.assayreaction 1 -
- mixture (Fable:7, Figs 3 and 4, and data not shown). Thus reaction mixturss-can be selected in " w1
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. increasing levels of binding associated signal from reaction mixtures, under which mismatch . -
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-time, which allow formultiple emission characteristics 10 be observed and evahiated o allow for ™ '

mixtures. The waxing and waning emission pattern was evident after 24 hr of incubation (data
not shown).

When 2 ng of genomic DNA was reacted with either 25-mer FVL-WT25C probe or 25-
mer FVL-MUT25C probe in reaction mixfures containing 50 mM TMA-CL, 20 mM NaCl and
500 nM YOYO-1, and either YOYO-1 or gD'NA had been added last to the reaction mixtures,
the waxing and waning emission patiern was observed upon monitoring the reaction mixtures
aver 24 hours (data not shown). 1

Numerous kosmotropic cations have been used in conjuction with 500 nM YOYO-1 to
improve the specificity of the Genomic Assay and also enhance the waxing and waning of
triplex-associated emissions. These include 50 to 80 mM NaCl, 10 to 60 mM NaySQ,, 50 mM
NapHPQy, 125 to 250 mM (NH.)»5C,, 30 mM TriMA-CL, 3010 52.5 mM TMA-CI, each added
separately or 50 mM TMA-CH in combination with 10 to 20 mM NaCl. The benefits of the use
of one or more kosmotropic cations in a reaction mixture and the best concentrations for use

under any selected assay conditions may be determined experimentally.

.+ Mpis accordingly clear.that-z Genornic.Asszy may:be performed by forming. ther+
.+ INGENEUS TRIPLEX in twe or more reaction mixtures assembled in accordance with tWoor v

- rumore protacols which are calculated to producesriplex-associated emissions monitored over = i

more scourate asseying,

Example 7
This Example demonstrates the ability of the INGENEUS TRIPLEX fo form specifically

on pathogenic génomic dsDNA targets reacted with 25-mer ssDNA. probes in the presence of
YOYO-I and an excess of human genomic dsDNA.

A suspension of vegetative Bacillus globigii (BG) cells was supplied by Dveor
Technologies Ltd, (Edmonton, Alberta, Canada). Onemi of BG was pelleted by centrifugation
for 5 min at 5000 x g (7500 rpm), resugpended in 20 pl Bacterial Cell Releasing Agent (New
Horizons, Columbus, MD), and incubated at RT for 5 min. The lysed bacteriz were then
resuspended in 160 pl buffer AL (supplied in the QlAamp DNA mini purification kit, QIAGEN,
Mississaugs, Canada), and incubaﬁed at 56°C with 20 pi proteinase X for 30 min. Isclation of
the BG genomic dsDNA was completed with the QlAamp DNA. purification kit, as per
manufacturer’s instructions, The concentration of the BG genomic dsDNA was determined by
UV spectroscopy. Human genomic dsDNA was extracted from a muman blood sample and

quantitated as described in Example 3.

40



10

L 15.

20 ¢

3

30

Antisense 25-mer ssDNA. probes, with sequences complementary to a 25 nucleotide
segment of the sense strand of the Bgl I restriction endanuclease (bglIR) gene or the sporutation-
specific SASP protein (¢sgA) gene from B. globigii, were synthesized on a DNA synthesizer,
cartridge purified and dissolved in ddH,0 at a concentration of 1 pmole/ul.

The sequence for probe bglIR-WT25C (SEQ IDNO:32} was: 5°-TAT TTT GAT TAT
AGG ACA TGA AGA T-3°,

The sequence for probe csgA-WT25C (SEQ 1D NO:33) was: 5°-GCA AAT AAC
CGA GTG TAA CAT CCA T-3.

The reaction mixtures (80 pl) contained the following: 0.46 pg of BG genomic dsDNA
{100 copies}), 3.2 pmoles of 25-mer ssDNA probe, 0.5 x TBE, 40 mM TMA-CL, between 500
and 300 nM YOYO-1 and either the presence or absence of 2 ng of human genomic dsDNA
target (approximately 302 copies). Inall cases YOYO-1 was added last to the reaction mixtres,
which were incubated for 5 min and irradiated. Fluarescent emissions of the reaction mixtures

were monitored with the Genexus Analyzer 15 mW argon ion laser at a setiing of 32% PMT -

after 5;-15;:25, 35, 45, 55 and 65 minutes-of incubation, .as. described in Fxample {.- L

hoe - In the presence of 40mM TMA-CL, the fluorescence emission levels for boti the'h gitR-

o “WT25C.and csgA-WT25C ssDNAprobe controlsinoreased as the YOYO-1 concentraiitn was: -

‘wincreased inthe reaction mixture (Table.8-and data not shown), indicative of the level.of probe:

self-hybridization at the different YOY.O-1. concentrations. ‘The fluorescence emission ievel of

cach probe control remained constant throughout the 65 minute incubation period: As expbeisd, -

the fluorescence smission levels of the humen genomic DNA controls decreased stightly with
decreasing YOYO-1 concentration and remained relatively constant throughout the 65 minute
incubation period (Table 8). Mo flucrescent signal was observed for BG genomic DNA confrols
monitored at PMT settings of 32% (Table 8) or 34% (data not shown), reflecting the very low
copy number of BG gDNA assayed. At a 36% PMT setting, the BG gDNA controls gave
fluorescence emission values slightly above that of the YOYO-1 controls, at each YOYO-1
concentration assayed (data not shown). Fiuorescence emission values from reaction mixtures
were normalized to identify triplex-associated signal by subtracting the appropriate probe
contro! emission value, both of which were monitored over time.

Heteropolymeric perfectly matched 23-mer triplexes, consisting of 100 copies of BG
genomic dsDNA and probe bglIR-WT25C, formed during a 5 minute incubation in the presence
of 500, 460 or 300 asM YOYO-1 (samples 5, 10 and 15 in Table 8, respectively). The perfect
match reaction mixture signal emission levels were all significantly greater than the combined

fluorescence signals of target BG genomic dsDNA control or probe control. The efficiency of
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00 -copies of bacterial ‘genomicDNA amidst.a-huge’human genomic DN background. - -

“dsDINA and probe bglIR=WT25C; formed during.2 5:minute incubation i the presenoe 6F306 -

“Moreover, there wasa progressiveinctease in BG tripiex fluorescence emission throughout the -

tripiex formation improved as the YOYO-1 concentration was decreased from 500 nM to 300
nM in the reaction mixtures containing 100 copics of BG genomic DNA. When 300 oM
YOYO-1 was present in the reaction mixture thers was a progressive increase in perfectly
matched 25-mer triplex fluorescence emission (sample 15, Table 8) throughout the first 35
minutes of incubation, after which a plateau in fluorescence emission was observed, When 260
copies of BG genomic DNA were assayed with the bglIR-WT2C probe, efficient triplex
formation was aiso observed in the presence of 500 — 300 nM YOYO-1 after 5 mimries of
incubation, with 400 nM and 500 nM being the preferred YOYO-1 conceniration in the 80 i
reaction mixiures (data not shown). BG genomic DNA. ranging in concentration from 1000
copies te 30 copies per 80 pl was also successfully assayed with the csgA-WT25C probe (data
not shown). As little as 10 copies of BG genomic DNA in a reaction volume of 80 nl was
reproducibly assayed with the bglfR-WTC probe in the presence of 300 nM YOYO- 1, clearly
demonstrating the exireme sensitivity of the INGENEUS TRIPLEX assay for detectmg

pathogens (data not shown).
© Even more rematkable is theability ofthe INGENEUS TRIPLEX to specifically assay

“Heteropoiymeric perfectly matched tripiéxes, formed bétwesn the 100 copies of BG-getiomic - :

M- YOYO-1,40 mM TMA-Cland.302 copies.ofhiuman genomic DNA. (sample17 in Tablé §)

65 minutes of incubation. The fiiorescence emission of the reaction mixtures shown in Table 8
was also monitored after 24 hours of incubation, While the BG triplex-associated fluorescence
observed in the absence of background human genomic DNA, slightly decreased after 24 hours
of incubation, the BG triplex-associated finorescence observed in the presence of excess human
genomic DNA continued to increase throughout the 24 hours of incubation. The ability to
homogeneously assay 0.33 copies of bacterial genomic DNA for each copy of human genomic
DNA. present demonstrates the extreme sensitivity of the INGENEUS TRIPLEX assay for
detecting pathogens in no more than 5 minutes.

Example 8§

This Example demonstrates the ability to assay wild-type homozygous, mutant
heterazygous or mutant homozygous human genomic dsDNA samples for the MTHER C677T
mutatior.

Human genomic dsIYNA that was either wild-type homozygous, mutant heterozygous or

mutant homozygous with respect to MTHFR C677T, was extracted from patient biood samples
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and qﬁantitated as described in Example 3. Antisense 25-mer ssDNA. probes, with sequences
derived from exon 4 of the human MTHFR gene, were prepared as described in Exampie 3.
The reaction mixtures (8( pl) contained the following: 1 ng or 2 ng of human genomic
dsDINA target (approxiraately 151 copies or 302 copies, respectively), 3.2 pmoles of either wild-
type or mutant 25-mer ssDNA probe, 0.5 X TBE and 500 nM YOYO-1. Fluorescent emissions
of the reaction mixtures were monitored with the Genexus Analyzer 15 mW argon ion laser ata
setting of 30% PMT after 5, 15, 30, 45 and 60 minwies of incubation, as described in Example 1.
Different fluorescence emission levels were observed for the wild-type probe C677T-
WT25C (SEQ ID NO:22) and mutant probe C677T-MUT235C (SEQ ID NQ:23) controls, due to
differences in Ievels of sel{ hybridization which are characteristic of each probe sequence in the
presence of YOYO-1 (data not shown), Fluorescence emission values from the reaction
mixtures were normalized to identify triplex-associated signal by subtracting the appropriate
probe control emission vaiue from the relevant reaction mixture emission, both of which were

measured zfter the same duration of incubation.

-+ :+Heteropolymeric perfectiy matched DINA friplexes in reaction mixtures comprised of =

either wild-type homozygous human genomic:dsDNA: and wild-type probe CoTIT-WT25C ore.

(samples fand 4, respectively, in Fig. 33T h&efﬂ,ciency;of.match@d tripiéx-_formati on, signaled .

mixturas compriseei of 1 ng mutant homozygous genomic dsDNA and mutant probe C677T-
MUT25C {sample 4, Fig. 5), than that of the reaction mixtures comprised of ! ng wild-type
homozygous genomic dsDNA and wild-type probe C677T-WT25C (sﬁmple 1, Fig. 5) after 5
min of incubation. The triplex-associated fluorescent emissions of the matched tripiexes
(sample 4, Fig. 5} decreased slightly over a 60 min incubation period monitored, whereas the
triplex-associated fluorescent emissions of the matched triplexes (sample 1, Fig. 5) remained
relatively constant over fime. The triplex-asscciated flucrescent smission iniensities observed

from reaction mixtures containing either of the two perfectly matched triplexes were more

- anutant-homozygous human genomic ‘dSDNA'::andqsztantf,praba CeTTT-MUT25C ~formed. =

- ~efficiently and were detected afier just 5 min ofincubation in the presence o£:500 M. Y QY -1 -

o

- by the .appearance -of tripiex associated fuorescence; was slightly: greater-in the' reaction

similar when 2 ng, instead of 1 ng, of genomic dsDNA was present in the reaction mixtures

{data not shown).

When 1 ng mutant heterozygous human genomic dsDNA was reacted with mutant probe
C677T-MUT25C (sample 3, Fip. 5), the triplex-associated fluorescent emissions were 77%,
80%, 85%, 88%6 and 90% lower after 3, 15, 30, 45 and 60 min incubation, respectively, than that

emitted from the reaction miXture containing the perfectly matched triplex comprised of 1 ng
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..comparable periods of inoubation.. .., .

wild-type homozygous human genomic dsDINA and wild-type probe C677T-WT25C (sample 1,
Fig. 5), each evaluated after comparable periods of incubation.

The triplex-associated fluorescent emissions from 1 bp C-A mismatch friplexes in a
reaction mixture comprised of 1 ng wild-type homozygous human genomic dsDNA and mutant
probe C677T-MUT25C {sample 2, Fig. 5) were 92%, 95%, 98%, 98% and 98% lower after 3,
15, 30, 45 and 60 min incubation, respectively, than those emitted from the reaction mixture
containing the perfectly matched triplexss comprised of 1 ng wild-type homozygous hummian
genomic dsDNA and wild-type probe C677T-WT125C (sample 1, Fig. 5), each evaluated after
comparable periods of incubation. The triplex-associated fluorescent emissions from 1 bp C-A
mismatch triplexes in a reaction mixture comprised of 1 ng moutant homozygous human genomic
dsDNA and wild-type probe C677T-WT25C (sample 5, Fig. 5) were all 100% iower after 3,15,
30, 45 and 60 min incubation, respectively, than those emitted from the reaction mixture
containing. the perfectly matched triplexes comprised of 1 ng mutant homozygous human

genomic dsDINA and mutant probe C677T-MUT25C (sample 4, Fig. 5);each evalnated afier

ST

. =y .. khe above results demonstraie the high efficiency and. specificity ofthe method of
iagsaying wild-type homozygous, mutantheterozygous or mutant homozygohs human ‘penomic
.dsDNA samples. Thesg results were obtained usingk antisense 25-mer wild-type and mutant
-probes for MTHER C677T. Comparable results were observed when analogous reactions.wers -

-performed using sense 2Z3-mer.wild-type and mutant probes. for MTHFR .C677T (datarnot |

TR

shown}. The sensitivity of the assay was fiwrther demonstrated when human genomic dsDNA
targets, ranging in weight from 2 ng to 200 pg, were suceessfully assayed with wild-type probe
C677T-WT25C and mutant probe C677T-MUT25C in a final reaction volume of 80 ! (data not
shown).

While the invention has been described in detail and with reference to specific examples
thereof, it will be apparent to one skilled in the art fhat various changes and modifications can be

made therein without departing from the spirit and scope thereof,
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MCSLLP

CLAIMS

1. A method of detecting a nucleic acid sequence in a genomic sample, said
method comprising: -
5 providing the genomic sample comprising a gquantity of duplex nucleic acids
containing target nucieic acid sequernces;
providing a quantity of probes comprising probe nucleic acid sequences;
providing a hybridization mixture comprising the genomic sample, the quantity of
probes, a quantity of hybridization promoting agents and labels;
o incubating the hybridization mixture to provide an incubated mixture comprising

complexes of the duplex nucleic acids, the probes and the labels;
irradiating the incubated mixture with radiation affective tc stimulate at least some

of the labels to emit energy; and
detecting from a fluorescent signal whether the probe nucleic acid sequences
15 perfectly match the target nucleic acid sequence, to thereby detect whether the

nucleic acid sequence is present in the genomic sampie,
wherein a ratio of the quantity of probes to the quantity of duplex nucleic acids
is at least 10°, and the method is conducted without denaturing the duplex nucleic

acids and without PCR amplification of the duplex nucleic acids.

20

2 The method of claim 1, wherein a single or multiple nucleotide polymorphism is

detected.

3. The method of claim 1 or claim 2, wherein the detecting is completed within sixty
25 minutes of providing the hybridization mixture.

4. The method of any one of claims 1 fo 3, wherein a haplotype is detected.

5. The method of any one of claims 1 to 4 wherein a morphoiogical status of an
30 organism or cell from which the genomic sample was obtained is detected, said

morphological status comprising at least one of information regarding a stage of
deveioprment and information regarding a disease state.
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6. The method of any one of claims 1 to 5, wherein the quantity of the dupiex nucleic

acids in the genomic sample is less than 700 copies.

7. The method of any one of claims 1 tc 8, wherein the genomic sample consists

essentially of contents of a single cell.

8. The method of any one of claims 1 to 7, wherein the detecting is conducted in a

biological cell.

9. The method of any one of claims 1 to 8, wherein the genomic sample is more than

5 kb in length.

10. The method of any one of claims 1 to 9, wherein the genomic sample is

undigested throughout the method.

11. The method of claim 1, wherein the nucleic acid sequence belongs to a pathogen
present or previously present in an organism or a cell from which the genomic

sample is obtained.

' 12. The method of any one of claims 1 to 11, wherein each of the probes, if unitary, is

a single-stranded nucleic acid or nucleic acid analogue of 15to 3C bases in length.

13. The method of any one of claims 1 to 12, wherein each of the hybridization

promoting agents is an intercalating label.

14. The method of claim 13, wherein the intercalating label comprises dimeric cyanine

dyes.

15 The method of claim 14, wherein the intercalating label consists of YOYO-1.

16. The method of ciaim 1, wherein the labels are intercalating fluorophores which

also constitute the hybridization promoting agent.
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17 The method of claim 1, wherein each of the hybridization promoting agents is a

kosmotrope.

18. The method of ciaim 1, wherein each of the hybridization promoting agents is a
cation of a compound selected from the group consisting of {CH3}aNCI, (CHgz)aN-

HCI, NaCl, Naz80,, NayHPO4, and (NH.)250..
19. The method of claim 1, wherein the labels are non-intercalating fluorophores.

20. The method of any one of claims 1 to 19, wherein the incubation period is from
one to ten minutes, and the method is completely practiced in less than fifteen

minutes.

21. The method of any one of claims 1 to 20, wherein the hybridization mixture is
maintained at a temperature of 20 to 40°C throughout the incubation period.

22. The method of any one of claims 1 to 21, wherein at least one base of the probes
hinds to a base or a base pair of the target nucleic acid sequences by Watson-
Crick complementary base interaction andfor by homologous base interaction,

such that each of the complexes is a triplex.

23. The method of any one of claims 1 to 21, wherein the probe is a double-stranded
nucleic acid or nucleic acid analogue and wherein at least one base of the probes
binds to a base or a base pair of the target nucleic acid sequences by Watson-

Crick complementary base interaction and/or by homologous base interaction,

such that each of the complexes is a quadruplex.

24. The method of any one of claims 1 to 21 , wherein the probes and the target
nucleic acid sequences do not bond together solely as antiparallel strands obeying

Watson-Crick base pairing rules.

25. The method of any one of claims 1 to 24, wherein the radiation is a laser beam

having a power density of about 84 W/cm®/sec.
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26. The method of any one of claims 1 to 25, wherein the fluorescent signal is
compared with a reference fluorescent signal to determine whether the probe
nucleic acid sequences perfectiy match the target nucleic acid seguences.

27. The method of any oh-e of claims 1 to 25, wherein the detecting comprises
monitoring a change in the fluorescent signal over time to determine whether the
probe nucleic acid sequences perfectly matches the target nucleic acid
sequences, and wherein an mcrease in the fluorescent signal over time indicates a
'perfect match and a decrease in the fluorescent signal over time indicates a lack

of a perfect match.

28. The method of any one of claims 1 to 25, wherein the probes are provided in the
hybridization mixture in a target saturating amount, said target saturating amount
being a probe concentration in excess of a target nucleic acid seguences
concentration, and the labels are provided in the hybridization mixture in a
complex saturating amount, said complex saturating amount being a label
concentration above which discrimination of the signal from background signals
changes at a first rate less than a second rate at which the label concentration

changes.

29. The method of any one of claims 1 to 28, wherein each of the probes has a length

effective to optimize energy transfer or migration.

30. The method of claim 29, wherein discrimination of the fluorescent signal from
background signals is maximized by energy transfer or energy migration between

intra-target intercalated labels and probe-target intercalated labels.

31. The method of claim 28, wherein each of the probes is 20-30 bases or base pairs

in length.

32 The method of any one of claims 1 t¢ 31, wherein a length of the probe is selected

so as to maximize an intensity of the fiuorescent signal.
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33. The method of any one of claims 1 0 32, wherein a prefiminary mixture
comprising a buffer and water is subjected to an applied electric charge gffective
tc enhance a sensitivity of the method, and at least a portion of the preliminary

mixture is subsequently incorporated into the hybridization mixture.

34. The method of any one of claims 1 to 33, wherein the genomic sample is added to
the hybridization mixture after the probes, the hybridization promoting agents and

the labels.

15 The method of any one of claims 1 to 34, wherein the hybridization promoting

agents or the labels are added to the hybridization mixture last.

36. The method of any one of claims 1 to 35, wherein the genomic sampie is purified,

semipurified, unpurified or diluted.

17. The method of any cne of claims 1 to 38, wherein levels of gene product
expression in a genomic sample are detected or gene product expressions of at

least twa genomic samples are compared.

tion mixture further

comprises a pl_uraiity of additional probes that bind to sequences of the genomic

sampie adjacent to the target nucleic acid sequences.

38, The method of any one of claims 1 to 38, wherein each of the probes comprises

an emission quencher and at least one of the labels.

40. The method of any one of claims 1 to 39, wherein each of the probes is modified

by at least ane linked molety.

41 The method of any one of claims 1 to 40, wherein the labels comprise FET,

FRET, energy migration or redox sets.

42. The method of any one of claims 1 10 40, wherein the labels comprise quantum

dots.
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43. The method of any cne of claims 1 to 42, wherein nucleic acid sequence repeats,
insertions or deletions are detected in the nucleic acid sequence present in the

genomic sample.

44. The method of any one of claims 1 to 43, wherein the detecting is repeated under

varied conditions of the hybridization mixture.

45, The method of any one of claims 1 to 44, wherein the nucleic acid sequence

indicates a pregnancy, or a cancerous or disease state of an organism or cell from

which the genomic sample was obtained is detected.

46. The method of any one of claims 1 to 44, wherein the genomic sample is obtained
from a human sampile of tissue, buccal cells, biood, fluid, sputum, urine or feces,

and labeled with a moiecuiar identification tag adapted to identify a source of the

genomic sample.

'47. The method of any one of claims 1 to 48, wherein the probes are provided on a

support selected from the group consisting of a bead, a plate, a membrane, a film,

a microwell, an electrode, a column and a capillary tube.

48. The method of any one of claims 1 to 47, wherein the probes are provided on a

silver island fim.

49. A kit when used for practicing the method of any one of claims 1 to 48, said kit

comprising:
the probes;
the hybridization promoting agents; and

the labels.

50. The kit of claim 48, further comprising a container in which the hybridization

mixture is provided.
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51. The kit of claim 50, wherein the container is adapted to collect sputum of the kit

further comprises a sputum collection device.

52 The kit of claim 50, wherein the container comprises a molecular identification tag

adapted to identify a source of the genomic sample.

53. The kit of claim 549, wherein the probes are provided on a support selected from
the group consisting of a bead, a plate, a membrane, a fim, a microwell, an

electrode, a column and a capillary tube.

54. The kit of claim 53, wherein the support is a silver istand film.

55. The kit of any one of claims 49 to 54, wherein each of the probes is single-

stranded and contains a hairpin, or is double-stranded.

56. The kit of any one of claims 49 to 54, wherein the labels comprise dimeric cyanine

dyes.

57. The kit of any one of claims 49 to 54, wherein the labels and the hybridization

promoting agents consist of YOYO-1.

58. The kit of any one of claims 49 to 54, wherein each of the hybridization promoting

agents is at least one compound selected from the group consisting of {CHa)aNCl,

(CH3)sN-HC1, NaCl, NazS0s, NazHPOs, and (NH4)2S0.

59. A method of detecting a nucleic acid sequence in a genomic sample, said method

comprising:
providing the genomic sample separate from a human or animal body, said

genomic sample comprising a guantity of single-stranded or double-stranded

nucieic acids containing target nucleic acid sequences;
providing a quantity of probes comprising probe nucleic acid sequences;
providing & hybridization mixture comprising the genomic sample, the quantity
of probes, a quantity of hybridization prometing agents and labels; incubating the
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hybridization mixture to provide an incubated mixture comprising a complex of the
single-stranded or double-stranded nucleic acids, the probes and the labels;

applying energy to the incubated mixture effective to elicit a signal from the
hybridization mixture; and

detecting from the signa!l whether the probe nucleic acid sequences perfectly
match the target nucleic acid sequences, to thereby detect whether the nucleic
acid sequence is present in the genomic sampie,

wherein: (a) a ratio of the quantity of probes to the quantity of nucieic acids is
at ieast 10°, (b} the detecting is completed within sixty minutes of providing of the
hybridization mixture, and (c) the method is conducted without denaturing the

duplex nucleic acid and without PCR ampiification of the duplex nucleic acid.

60. The method of claim 59, wherein subsequent to the incubating step and prior to

61.

the applying energy step, the incubated mixture is further incubated under
conditions such that the probes disassociate from the target nucleic acid

sequences, and wherein-the detecting step comprises determining from the signal

whether the probes are disassociated from the target nucleic acid sequences and
the conditions of incubation, so as to determine whether the probes perfectly

match the target nucleic acid sequences.

The method of claim 1 , wherein subsequent to the incubating step and prior to
the applying energy step, the incubated mixture is further incubated under
conditions such that the probes disassociate from the target nucleic acid
sequences, and wherein the detecting step comprises determining from the signal
whether the probes are disassociated from the target nucleic acid sequences and
the conditions of incubation, so as to determine whether the probe perfectly match

the target nucleic acid sequences.

62. The method of claim 1, wherein each of the probes comprises one or more parts,

and at least one of the parts is 5 to 30 bases in length.

63. The method of claim 1, wherein a separation step is performed before the

irradiating step.
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64. The method of claim 1, further comprising a step of providing at least one biocking
probe to suppress binding of the probe 1o a non-target sequence of the genomic

sampie.

65. The method of claim 1, wherein the complex acts as a photonic structure for

[ ]

collecting photonic energy and transferring energy to a signal emitting label.

86. The method of claim 1, wherein the steps of the method are repeated more than
once to provide more than one hybridization mixture and more than one

10 fluorescent signal, provided that each hybridization mixture is formed by
combining the genomic sample, the probes, the hybridization promoting agents

and the labels in a different sequence.

67. The method of claim 1, wherein the detecting comprises monitoring a2 change in
15 fluorescence anisotropy of the fluorescent signal over time to determine whether

the probes perfectly match the target nucieic acid sequences.





