TI TLE OF THE | NVENTI ON:  GENOM C ASSAY SPECI FI CATI ON BACKGROUND OF THE

| NVENTI ON 1. FIELD OF I NVENTI ON The invention relates to assays of genomc
mat er i al ,wendosmssmsparticularly to a nethod and a kit fecrdBtwesbisne dupl ex,
triplex and/ or quadrupl ex hybridization of nucleic acids. 2.

DESCRI PTI ONOFRELATEDART We have previously disclosed specifically bound

Wat son- Cri ck quadrupl exes and ot her specificall ybound non-canoni cal

quadr upl exes, triplexes and dumIEGEETHRINVENIIONU, S. Patent No. 6, 656, 692
and U. S. Patent No. 6,927,027. T 1\?{5@4 icggt i ons provide anpl e gui dance
regardi ng the selection of appropriate hybridization conditions to obtain

any of the various nultiplexes di aﬁ%g derein, including parallel or
anti paral l el dupl exes, triplexes %fr}é gua rrﬂlijpl exes binding in the honol ogous

or Watsgn-Crick notif. See BACKSROBD PETEHINNENTINI20 115t 0 Eri kson et ah,

U. S. Patent No. 6, 40 t iSqet.al. and copending U S. Patent

Appl i cation Publl catﬁgﬁ]%%}gﬁ%g{%% 0180345, publ|jshed Seﬁ)t enber &8, 2004.
.. . Despite t e fwegignientys tessalyopfigeremic material, and e PR ¥y topar%?}l e
addi ti onal means for assayi |.6l/6: RGdrSteMybridizaBbiofaecist bdidse, robust and
reliable. IP“qag“tﬁﬁrrc{efeﬁbqgg‘%?lgg/’ggg)&%ragé L?a r‘q)r‘ieoed‘is}de met hods, and kits for
assayi ng nucl ei @.aci DESERJBEKDEOT BELAERBMRd sanples. It is further . desired

to provide neans_fpr dir.e | RificAfy bha eitsen-eicldqadgplexes gsl other genomi ¢
sanpl ed0wi t hout S‘gﬁgﬁ"f’?rﬁlﬂ‘%ﬁ}iﬂ%@foﬁe&tg# olly

eic acid gzte?ggepgces. E:I téj§PﬁtEﬁthllo further
desired to ispapifioally bbine neecrspisaliagroplgees iiiee PRATET p did FelT abl 'y
identify t heiﬁgég%lgd & 1£&5€‘1q&&9§’f}&7b’i‘ﬁwdaﬂﬁlioﬁ@ﬁ§§rbﬁdb anfpleignidercersgarding |

ref erences rein are 1 ncorporated herejn by refe ¥ ir

entireties. fRREFSOMANRYTIGFNTPHEZIYERHHORS tﬂ@t%‘r“&ﬁ%%ﬁée, \;a?' E'gsq?drll{llbelénxg i§on

D e 2 1 AR ol IRLEGHL Rl o upatut agicleswiglenoeqisiruplesebiafine sanpl e,
SI

. S| \ i . .Y
Sl oo O o s SR, 8 5T BHh Rl ar 0ot

U.s. vPateﬁt No. 6,403,313 to Daksis et al. and copending U.S. Patent Application qulﬁ.g:a;ign
No. 2004/0180345, published September 16, 2004. | | e
Despite the foregoing developments, it is :desire‘d to provide additiqnal \means h’ﬁ
_assaying nucleic acids which ave, sensitivé,‘ robust and r?liabla‘ Iiis paﬂic'u‘f!larly dmmd W
28 provide methods, and l‘cits for assayiﬁg nuecleic acid sequences of genomic samples.. It ,i§ fiyli_"t’hﬁ{ .
desired to provide means for direct detection of nucleic acid sequences in genomic samples
without amplifying the nucleic acid sequences. It is still further desired to improve the
sensitivity and more accurately and reliably identify the signal emitted by the binding reaction qf !
interest. t | -
25 All 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 2
genomic sample, said method comprising:

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

30 nucleic acid;
providing a probe comprising a probe nucleic acid sequence;

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

hybridization promoting agent and labels;



nucl ei ¢ acid; providing a probe conprising a probe nucleic acid sequence;
providing a hybridization mxture conprising the genonm ¢ sanple, the probe,
a hybri diwetznem3posenot i ng agent and | abel s;incubating treThpmos/0s3zex i on

m xture to provide an incubated m xture conprising a conplex of the target
nucl eic acid sequence, the probe and the | abels; irradiating the incubated
m xture wth radiation effective to stinulate at | east sone of the |abels
to emit energy; iaclaifgdethybidizagor mbra tof pravideaciapibaied grreSpHBPIEE & he probe

perfectly matc es L SH48R EBels;t O thereb det ect
whet her t he ‘AU fxc’ftthe?arégﬁsgeﬁcu%}r?%eﬂegce??ée%g%t ?ﬁl %aﬁees eno yn’gtle wherein

the detecting i sirediatiplhe sdubwied mixiure yith spdipfion Giieetvase St‘ﬁﬂ?\ﬁaﬂ ?fbso’t“ﬁ the

hybri di zat i Qf @i egeré?gﬁh the nethod is conducted wi thout denaturing the

dupl ex nuclerc acl w t hout 10 PCR anplification of t pl ex nucl ei ¢
acid. Férther prdstectifadoms fomsserganabyhetist eorehigerie febegt eaﬂrﬁ% ‘égt’fuence in

a genomi c sgppk %e@@'t@&%ﬁ%@c@@(ﬂeﬁ ik Rgtleiddcst@liemt id frese@am thirigenomdnpl e
conprising. a target nucleic acid sequence of a single stranded or

doubl e- st r arsefeRle:nucl ei ¢ acid; .15 providing a probe conprising a probe
nucleic acid Se%%ﬁhe@a&&uﬁgigaﬂlﬁetéawhmi@maﬁmmsmpwvmﬁretwmdl&mg the

genom c sanple, the pro I zat | ono e | abel
O e maghorwonpsprdsap i drniine i BPBF Bl BARN R, 57"
g'r)éf)grgﬁﬁofﬁmﬁ“ﬁqf‘@“"’“dtm“ﬂl‘”el"“‘mmhe target nucleic acid sequence, the
e | abel s; . ene to th
effective to el |E‘irﬂ‘erd’rﬁ’ﬂd@ﬁilﬁla"’fe%%‘lt%%%&ﬁﬂ“&egy°d eque&eénnaf%égﬁlg%mg]eﬁg: ieng
fromthe siggameMigt isihfie probe perfectly matches the target nucleic acid

sequence, to therehy. ect whet her the.nucleic esent in
the genonic sarerré‘”X g‘l"éf"}?mt‘%%m(? tcg{?f’ﬁlsﬁrifatgrg?:tonr‘%ﬁ lgtq ggggaﬂfgﬁgﬁfas%} {/ ni nut es

of providi ngirded &eiohwéiiﬂaﬁheaandlﬂmac% mxture, and the method is conducted
Wit hOUtl de nat ur I Qr v1$i1gge a prot?e c%?x%pgéju(fgl &) 1'3ro e nu!:lgc Qé?éjseme%&o ut y
| | providing a hybridization mixture compr!smg the genomic sample, the probe, a.
hybrndlzatlon promotmg agent and labels; o o
‘ mcubatmg the hybmdxzatlon mixture to prowde an moubated m1xtu1e compnsmg a
L eomplex of the target nucleic acid sequence the p1 obe and the la‘bels,
iO. o L applymg energy to the incubated mlxture effectlve to elicit a s1gna)1 ﬁmm the:, A
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 detecting is completed within sixty minutes of providing of the hybridization
25 mixture, and the method is conducted without denaturing the duplex nucleic acid and without
PCR amplification of the duplex nucleic acid.
Also provided is a kit for practicing the method of the invention.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
The invention will be described in conjunction with the following drawings in which like
30 reference numerals designate 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.



PCR anplification of the duplex nucleic acid. Also provided is a kit for
practicing the nmethod of the invention. BRI EF DESCRI PTI ON OF SEVERAL VI EWS
OF THE DRWI2bisB33ds3e i nvention will be described in conj rocuBmosessiée t he
followi ng drawings in which |like 30 reference nuneral s designate |ike

el enments and wherein: Figs. 1, 2, 3, 4 and 5 are graphs of fluorescent

i ntensity agai nst incubation tine show ng the waxi ng and/ or wani ng of
fluorescent intensity oVETAILERDBEST OESHR INVEBNIQY: THE | NVENTI ON W

have Breviousty i3l aRE DR aRERH! phikls mﬂggfme@%sryﬁmwmubﬁxst r and

to dupl ex nucleic aC| l'ex nucleic acid to

ecl | c bindi
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(and/ or t hEI}fIO 81586 6‘&?@%}1 %gﬁe“}&@c? ?%7(’937I Wﬁﬁa Pslisglersd et Ry 8ol ogous

base bondi ngyagic\u&hd (aﬁﬂor%élr\éﬂ&l@ﬂ&‘) Edni s &1&81%&)11&(“5 echGihblClﬂ hoﬂﬂldgdul%laatse base

bonding is not limted to_strand haV|n nti raL L}fg”ec“ ality

rel ative to HERE #tdlas by WatS‘T’hGQCkl?%"t‘Erre f)t&ﬂny‘??aa}?a& Hoemene ‘Saﬂ?f i dRd/ or

t htel r an)i’vl: Ogslﬂﬁﬁj)sl g hﬁflﬂ‘g sipshldl Gﬁécbb’nabiyﬁéi?]ﬁv@ teash oﬂteheld Whﬂ;]shh@ab}ail)ln&hcor

antiparallel djrection erein the ono

bondi ng and/wew%ﬁangeﬁ it apalogue S%fpﬁ‘épf‘aﬁ?’zg‘aq ﬂéeﬁlwétg@g@lf%f "bi ndi ng

mot : f kpr ef er;ﬁiﬂﬁz@al[%fdnﬁttibhﬂitﬁ; Wﬁﬁhldﬂlf:%ﬁﬂﬁ)hﬂ}l mmbmgmbaemnmgmwo?wwmus: y and

is |ikew se an oin Gifi onpl exes
.are readi | y P‘% 4@? &’“ﬁéscﬂ)‘?gﬁ °8§‘{‘d‘8% 518{’ fgr (a %fﬁlgs)c?eﬁc AG8adtly

avazj | abl e i nﬁﬁmaﬂmﬁie&)gaﬁdi-pré\&mgl@laﬁ(ﬁs lilsadsewﬁc@nalmrmbaﬂtamdApef m ﬁmgvmgf ]

condi ti t he

o one i n B P R SR SR B A et RS QSR AR

i ncubat i on ageninensmd reageased uhdanmichanmaemn@mv@rﬁonﬁihal35| gnal to:be:-detected
from backgr Qund g\a/‘elz r$\{10us disclbs@& %'étf g{-ﬁa?org‘uoqlrof El%%#%g QPTQ Iﬁ&‘)’atg ( 3)

increasi g - binding y or sig engt ect y matc
target and pageisend/artaitaget (i) 2 Eectieabitinyagsitiveli ingeass dll?cnrlmytl@mf@P gjemal to st ren gt h

g](c)OéTl S g_mts 822% &%Et%ﬁoﬁ%ké%ﬁg §1gna%e(?e %t@fergﬁé &hckBRBhd AL BN HRLdssat | on

20 bmdmg affinity or sxgnal strength of perfectly matched ‘target and probe; and/or (b) decreasing " - i
binding affinity or signal strength of mismatched target and probe. See U.S. Patent
Application Publication No. 2004/0180345.

We now disclose several other parameters, including probe length, probe concentration,
target concentration and label concentration, whose adjustment can achieve unexpected

25 beneficial effects.

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

In addition, we now disclose a method that enables detection of a nucleotide
polymorphism in a genomic target, such as human dsDNA, without amplification of the target.

30 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 noﬂ-denaturing temperature.

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

quadruplex complexes of nucleic acids (and/or analogues thereof).



W now di scl ose several other paraneters, including probe |ength, probe
concentration, target concentration and | abel concentration, whose

adj ust nenwocass/Bsisseve unexpected beneficial effects. AeconBrugbisict he

i nvention provides a nethod for assaying nucleic acid binding, wherein at

| east one of the foregoing paraneters is adjusted for beneficial effect. In
addition, we now disclose a nethod that enables detection of a nucl eotide

pol yror phi sm i n Hugeinamd grapdphgrsinhespiceetionalifireie erarutionahpvisHes bolds that

ampl i ficati ofaQk ofébgosﬁtaaﬁ&hona liiek @hidfite PRI AT edftiodt bandhedr €
aware, the present nethod can e conducted in Iess t han SIXtﬁaﬁm nut es, and

preferably I@%afhl‘?é"ﬁf thropghaW s Grifk samplempentary, pdingof dheif esRetve Rases bere. The
invention engRiR@Ssdifer bipoby @l tRdtaEa hudidd ddRisb@Bncd folslPastvo ﬂﬁpéram strbufd Pl €X
and/ or quadr upI ed_conpl e gs of, .nuc] EIﬁ'@él ds §(}%gg or anp g

t her eof )°. Nuc? éY‘Eg‘é(ét?‘H“‘érf A aiping rates 1y s lopr oxgf P’?‘B‘?TQP’F{“?? ‘?‘H’és"fthe
convent i onal inwngsiom hol ds t hat st rands of opposite directionality, i.e.
whi ch are antiparalle n the ent at,i on ot her, for dupl ex
thr ough vt on: PPt Bl et ek g b pRB AT GBI SB0Ee  The
bondi ng togerltulbleilrc a0l (Pdakd eudsiel ach@&nalo@ﬁ@)?hybﬁﬂﬁécﬂhCpgﬂﬂéldclsmue I’(\ﬁcﬁ‘ariﬁ)ﬂ)blﬂ y as
two antiparallel str, tson- Cri ase pa ng rules is

t her ef or e ex%ﬁeﬁaéﬁ’e?‘g%ﬁﬂnglgﬁ ! erntﬂ%’ °§°‘5%afeh@"fnﬁ\féths(ﬁ)ﬁid’"éé&sgi n
dupl exe®) accgiriign@obhentiduiel wisde@nholdsthataucht duglersds kie mohexisdl, ortablafm weald beo
strands of nu rLrgé n}(': Pg‘?alb% a(:gnd/e%ré ba&%n%' 1Fre%1%rlgesan%$es? gﬁ Z%ith nfoma%i%%e:, n

paral | el rel% Qe & hot
t hr ough honuieq)g@maxtim"wakbabmhgxdmg Wat son- Crl ck base 10 pal ring.

Conventional wi S%&?f{;fanrb% &f {g{agﬁs ﬁ%{l&%&ﬁ%ﬁ@@ﬂgm ﬁ%'na{zathop Lo guoheast

woul d be . extrene one 1rreqgulari
necessi t at echdyploges bgmhﬁgownﬁamabbn@mmeéqmsrgemwg BfO-patembisgitedrpentficBpndi ng.

Even nore su te hybridization
condi 11 s, - FRseh oA oGRS cdrtind IR ARREREER 1Y Ly YOO 1.
denonstrat es sped&hdipygntign ajsy encompasses éﬁdeXSQ @bfﬁinmyqutrv@rs Pﬁvgcl@lhmd (gfd/or VAt son
Griclc conpl ﬁx@ﬁf&%@a@énﬁ%u%@%ﬁﬁdm%h 1§Hﬁk§él¢l MBioh Ebv@détah&ﬂer%ﬁé?m@ YeHfPASSES

dupl exes contai ning two strands ofnucleic'acid (a . . nucleic acid
anal ogues). - hitstineds wghhpnwlﬂgjcwdaa%ﬂna@ms rél ation {o one ‘anot her “ifief'ei ni

S pIE‘CI fic .. . b!A@ di-a gerblﬁ tﬁ&@ﬂégWaﬂml&QQ%%algﬂg’e‘ c@ﬁbl‘éfn@[gary base pairing”~' . & ;
’ h 20" rand the like are intended to define specific association between opposmg or ‘adjacent pairs.of .- .-
nucleic acid and/or nucleic acid analogue strands via matched bases (e.g., A:T; G:C and/or
A:U). In the context of non-canonical complexes described herein, including parallel duplexes,
parallel and antiparallel triplexes, and parallel and antiparallel quadruplexes, terms like
“Watson-~Crick base bonding” and “complementary base bonding” are intended to denote
25 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
30 bonding, bases bond specifically with identical bases rather than complementary bases. Thus, in
the “homologous motif’, homologous base pairs include A:A, G:G, C:C, T.T, U:U, and T:U.
The binding by the bases of nucleic acid strands is affected or conditioned by a number
of factors, particularly the binding potential of the strands pursuant to either the W-C motif or

homologous motif, and ionic conditions (e.g., salt concentration and/or type). Salty conditions



> . , , .As used herein, the terns "Watson-Crick base. pairing",

"conpl enentary base pairing”" ' 20 and the like are intended to define

speci fi c we0@/BBIs8N bet ween opposi ng or adj acent pai rs poii/iB2oos/essaéaci d
and/ or nucl eic acid anal ogue strands via matched bases (e.g., AT, GC
and/or A:U). In the context of non-canonical conpl exes described herein,

i ncludi ng parallel duplexes, parallel and antiparallel triplexes, and

par al | el andensrie fapra thelformptioned Metspn-Esidkbondieg qver hopRrlegouphensiing- Hemelrgdvase

bondi ng” andyqi QERAGEES bRt ofR2a SR W8 Hofiuadigiexbih 8 #Rtichiduii& Blufion® PONdi ng
between A and T, A and U and/or G and Cobut not necessarily in the

edgew se, pl anar E¥8sFa ihd camplex| of dhe inyertionicHergmpiise\aaY sarenghef nasleqbpses | n

addi tion to g6 fmeestaRlahAsALs, Plotidédige fRkbtasek hré fdlatdatOMO 8RMbobMeMELRON and
Crick (the "WC notif), and conformational variants thereof enconpassed by

f) d ] )
the fordgoi rifeYdes P specifisalydind\Ryreithis e VeGmptifs thsdrapiageus mebit o wdatto
invention encRIPREHAEs SARPIRXSE tHetirdR dndProtetd RO NHMIBSENERNEhdhgve | N
honol ogous hase 30 bondi ng, béses bond specifically with identical bases
rather than QSHSH YRERPSFIC pHE g’forﬁwgfple?‘@r‘f‘ﬂ@n"ﬁb‘ﬁﬂ‘&?&&‘ﬂgm ments, ol ogous
base pairs ipisHedtieobsés ardarmgein@hetdiopolyrhéricprobdtequindeof iliegpdaietplirings alty t he
bases of nuclei.c, acid itrands isl ffected or conditioned b la nunper of
factors, parRTiRifinss2pd fhedargst qye F‘@asﬁ%?réﬁfrf“ﬁl:d B2 RIeet SHYeRrRg \BeRelaY to
ei t her tohe \%ﬁplﬁiﬁ?ﬂtffry of phoatyl mgmugomg ithe, prolitdsetyibiteC ?&Wihﬁlﬂ)lﬁﬂﬁ: pRby. | saI]E
concentration and/or type). ty.conditi tend to favor the formation o
Wat son- Cri CI(SE(BJS?]CGICMOH%}E?; 'ﬁbc’%}y"&éf}ﬁeg’a%ﬁ‘m%ﬁ%.to W%‘gﬁ"sbaﬁeﬁﬁ Y 48 dr upl exes
are favor ed @yetexdboBihabivéntionta drmlogrtesropslgadric sdadkéspwllichanidfaed teemmdi t i ons.
Each strand in-a co Ie>§ .Of gttfe ti nveunti on cgn corTRri Se,any (gq}uence of
nucl eobases BRAFIPFIRGEPEHBAE & IFPL oGBS Puckionts FdH P HRAREIE PR BALE G o
rel ated to tpyemilirelnedzdse or pyimitline lnaboghdimat kase the hglpaiididg eghdénys. [Hupkd by

ei ther the if.Qr ggg'l Qus. notif.. Contrary i teachi ngs
of the '1|gri owetgrrog,a %%{g%qél%%gstgpan J%Eﬂ‘gﬂ‘z‘)f“ﬁg"é%“ﬁ%‘?g g(g&ee n§§¥ n%tprgifasﬁé%%?%&fgb achi eve
bi ndi ng, - evePthirnudidebesesasrailsofuitable fir ase inthe igurationipickess, ¢.or ethétisanalcghiesy 1 n
certai n ean-ﬂ1umgto§ urr&g%a&rs,%cm%es?&ﬂﬁe@at%neﬁrﬁcraﬂ@/glegmﬁ ogbus!binding:* ¥
het er opol yneri c robe equence of interspersed purines an yrimdines, and
the target riliteeskretiesbasese arranged i n“a target sequence at |east partially
L0 complement.ar y105iaRh b AhbikxeROBRIARRNSE ) AR Q0L IREAN BTEwes BRI
exanpl e, ‘the probe sequence can contain 25%to /5% PUI’I ne bases and 75%to
25% py ra0m di pedrenieses; whereih pregsiae rhetepafymesice strasls eive linked byt NatsowaHick orm from
het er opol y MekjnGleR &M BESor B HoRBIoBS:s Beel, RAE 1R QLIRIVE dirlERBR LB LHUR YRR

containing at [east one_ purine_ nucl eobase or purine anal ogue and at | east
one sequences is parallel or antiparallel to one another.

A probe strand can specifically bind in the major or minor groove of a double-stranded

target. Further, the bases of a single-stranded probe can interact specifically with bases on one

25 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 both strands of a double-stranded

target in quadruplex complexes of the invention. Thus, in certain triplex embodiments of the
invention, at 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

30 that the complex is a triplex, and in certain quadruplex embodiments of the invention, at 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 quadruplex.
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certain quadrupl ex e nventlo a st..one .b Se of the
probe is borff&ty fire aag t g Qsoars“?é’ tge HgE dn f)‘@ftlr‘m&)of‘ (‘Sﬁlé l?rzladr}l&ebte V' Wat son
Crick conpl &Iwm@rbysebaﬁ& firitatd &Cdridetends db)alic H&)dxﬂg(ba@]eagmmssxﬂgém&s pfther act i on,
such that th a certai.n tr| pl ex
embodi ment s, ﬁ‘é‘g"é‘ﬂ?‘?ﬂf Ftéaﬂﬁsag@%gq{\gg ‘{%%? bc?ﬁveelb?ppf’ e ghﬁ?\ff@ aﬁ%@’g{sﬂy Thus,
in addition gendshe traditional dupI ex Watson-Cri ck base pairs and the
duplex_ onDIogou |rs rlb e ude the
fol | owi g ‘Wt sonﬁ'(ﬁpﬁ '8 g GB e m@ex a"? adrupi%'lsg%%ﬂ% O%tﬁ@%ﬁ%%% T A U,
A U A5 U-A lhhdn@séﬁu@xcsoﬁmb& (srcorcﬁg@n@wqth mtolthsrdlplmgng@eq@(cof@ﬁ@/ Bhat' Eﬁ?ﬁi@)t her
i oni zed, s QC|e r p Ladipl ets:
pre lftﬂst Aﬁ) %ﬁar%?gl%{u% l{}l&?}.\é‘ﬁé\h&\/&o 81;5 agggxg%k %sge A 1[13119

AAT T Ci ncl udi ng
C.C+ G and/wms aaty) athvathin tinissed. ofpha inventiof (tlﬁatsc@)arly 'PH‘U%OL lirwfeééﬁt**é% :

quadrupl ex & ﬂ?%hxﬁg P‘{xtﬁ)dmﬁ& %ngethgi?pumeglgﬁhds %equuh@ﬁ@e ﬁ’cﬁiaﬁa%b\ﬂlf&lﬁamg first

and SGCOhd ant’1 para strands associ ated y tson-Cr base palrlngs
and t he2 ar geterference based on conventionak Watson-Crick diplex binding of RNA targets ~see Hemann' - -

etal., “An epi-allelic series of p53 hypomorphs created by stable RNAi produces distinct tumor
phenotypes in vivo.” Nat. Genet. 2003 Mar; 33(3):396-400), folded portions of a single strand
do not make the strand count more than once toward the minimum of three separate sirands.
Complexes of the invention preferably do not rely on Hoogsteen bonding (including
25 reverse Hoogsteen bonding) or G quartets for maintenance of the complex structure, although
Hoogsteen bonding (including 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
30 phosphate or ribose phosphate backbone (e.g., DNA, RNA, mRNA, hnRNA, rRNA, tRNA or
cDNA) or a nucleic acid backbone or base analogue. Preferred nucleic acid analogues contain
an uncharged or partially charged backbone (i.e., a backbone having a charge that is not as

negative as a native DNA backbone), and include, e.g., PNA and LNA. Certain embodiments



10 defined as a simlarly structured duplex of a third and a fourth strand,
it is believed that the bases of the first and third strands also bind to
each ot hewo 200v/88@8ti on to: (a) the binding between oppesirngdosssicof the
first and second strands; (b) the binding between opposing bases of the
third and fourth strands; and (c) the binding between opposi ng bases of the
second and fourth strands. 15 In certain enbodinents of the triplex and
quadr upl ex sire fiestofi PN4. §6r indreasqdrsiabitityi prabes A be PEIVidEY ing rhepbetriestsr Bfmpbases i s
cont i guous g sequence of bases: ThaHs, there : . " .I;.-
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the. like' (e. ngnblfercmtarm Qomplemrlmcul%tyessycwé?dém&%ﬂ% tiplegrs of thedpygpfion dgf  t e

i nvention (pgyhd GAH@BA Y sthHd indRonhieBlahigd. 0 RNA . . interference
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by stabl e RNAI Hﬁtl nct  tu Potypes in
Vivo. " Nat. meER cmpoBEeNee theswg*}onﬁeéeae Britheapare 18 L si ngl e
SLV and do not nakge &og@leﬁésro@mléhn@m&i ?aHBér’] ﬁes_bnhaﬂsoﬁlﬂ&f; ol m?n dlpft))cfm?mmmaj iAum O}‘
three separate strands exes o e invention prefera not rely
on Hoogst een”Boffd i “¢:i ﬂ%’j g@idrﬁap% ﬁa‘é\ﬂ?éfggn?*@ﬁﬁgq‘:@'&tﬁ' g&%d%&‘%“(??e)érquar tets
for mai p enapmeoffucttviee I€ Gé’ﬂahleéfnbﬁﬂlhﬁﬁk WheesolidIstigport gdha kivegislasfilnbandieng
(i ncluding rever 0 ste ent.
That is, conpi &fi@i@a@% (‘-Ealﬁ PrSE’}%éer Igé}%f%%gg%# 'téhﬁ%:% fegﬁ%lwg'l ¥ Pau&r% ee of
Hoogst een bomdAdi o anQiietalinant@vitiossetdo ogsingegingddonidin biprechmigy.s @bserant ially

free of un rtets o X L ndependent | ses a
nucl ei ¢ aci d HB\??W&‘OE‘” %Wtza(%g 5§%i] ac()lgp a%eecgrpgl ‘ o%g’ tl¥all%ﬁ‘%ﬂﬁﬂbackbone
(e.g., DNA3 Rl\slé\luermawﬁ;er Bﬁk@é&mgﬁﬂ\ﬁk tantgHNAUcSr Pay @AY os 0, 144, 1A&1arldei 720,928 to
backbonz5 se anal ogue. Preferred nucleic acid anal ogues contain an
uncharged o @ aIIy ¢harged backbone (i.e., a backbone having a char ge
that is. not as négaiﬂc\bexdmgbawmmuqlec A ctvars kivdshayide eanigty ofrohdiidhies kaging. .- PNA
and LNA, Certal s r , AT
probes’ can b‘éanafo(l)]\sl Ha%%b%@% %géﬁﬁaﬁl%gfg@s géragr%eh%}g tﬁ?}iﬁle%nﬁkﬁ%g ralg%atl on
duri ng use: tdhtwelwlaxemcmmn@mfﬁmw@c aoids-tirewplarafihessansitions aadmalfieds PNA,

tripl exes of p%g,ﬁ]lglﬂ{é xB@m@ltPth@Q% depend upon . a strand invasion nmechani sm

5 At least a ion the conplex is isolated, purified, artificial or
synt het &, - .. Wehave prevxously dlsclosed conditions parucularly suitable for prov1d1ng our unique - - -

&N

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

25 above about 7.6, the complexes of the invention are stable over a wide range of pH levels,
preferably from about pH 5 to about pH 9.

As shown in the Examples described below, we have unexpectedly discovered that
economies of genomic target material handling can be achieved without commensurate sacrifice
in assay signal. Thus, it is surprisingly possible to reduce the amount of genomic target material

30 in the inventive assay without causing a proportionate decrease in the specificity or sensitivity of
the assay. In some cases, reducing the amount of genomic material appears to increase the
specificity and/or sensitivity of the assay. Similarly, under some conditions reduced amounts of

hybridization promotors or labels result in enhanced signal emission.



I n enbodi nents, a portion of the conplex is a PCR anplified product.
However, preferred enbodi nents of the invention are free of PCR

anpl i fi cavoanocasgospr oduct s t hereof. The conpl exes of thecinBaososmexcan be
present in solution, on a solid support, in vitro, in vivo or in silico.
The solid support can be electrically conductive (e.g., an electrode) or 10
non-conductive. In certain enbodinents, the solid support is a silver
island film or oWitputrydshingtebe bdvad byt @ké@%maﬁgép@ﬁlbﬁe&d@@@wﬁ@lﬁet al
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Met al - enhanc®d Y1 uorescence:  an enmerging t I'n biotechnol ogy. " Current
Qpinion in Bmm@mnmbqsg?la@edmsterc&letewasgnpl?Xn Ta@jmemﬂamf fygrsceaeniBliedd® can be

optically magpegh %&%&@%ﬁ%aﬁrﬁ% oiqgaeﬁ%@&a@awaﬁ% @&Newatmmumwrd@ S.
Patents Nos. 6,147,198 and 5 028 1
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and U.S. Pat '\J’% 027. W now furt€ er eI at € ,upon our % evi ous
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whi ch are uns&@hk)eoﬁh it eeAsexihfk @ tehceddss mkhﬂrmioﬁataﬁ tidinsr@sebhefumbemf t he
conpl exes of th ntiaon are stable de .ran H |.evel s,
preferably ff% %‘E?gﬁ?e g iRergREe ‘83‘8&‘(‘“1"6?%‘%"%“\? el gi‘?ﬁeég*\é% R
descri bed bein(ﬂnoremmaﬁbechwnmplpze)cM@d’dtr;hemeB@eﬂMde;ﬂexDH?A aetsnewha® siiéld genomi ¢
t ar get terial ling can. V. Qut co surate sacrifice in
assay signal hatgﬁﬁespugmfa bl 3 e%nulrn%rrcagl%ﬁ laf[\) 1% m rxb gtroovgnF he %u]?l% a@?ﬁ%%s!ﬁ i O f
genom ¢ tar gdustmmtlwhhnﬁi)mhmd ctrki@lmw@ncmamg &ssagomltyrfmhywﬂsisnlgﬁé‘

D opor ! L O0Al & SRLERT AR Dl IS, SREC i flatoin Al AERPfhilalotth iy aggay, In
sone cases; Fedu rf enom c ma ears to Increase t he
speci ficity: éamdv‘@nomm mxgratto;a mdc}tﬂweausps@algclr @Pmitjarsleoy e-g4 RE% Paurio:

condi 1 ons I EOMOR0 R URHIEL iforellY Qﬁfegriﬁ&ﬁééoﬂ&-tgrdg B0 bRES hsrh SRELS. Tesult in

enhanced signa by an eorles we
have a.pbssible: é)y@‘jja:_gglerﬁavp|obewrvfe@Fhaqs]apinglabelsB such as the intercalator YOYO-1, are capableof ::

various intensities of emissions, depending on the structure of the complex into which they are

intercalated. This may be because they are quenched by hydration. It may be that the triple-
stranded structure, when formed, provides an enhanced dehydrated environment for the
intercalated labels over that existing when intercalators inhabited the duplex prior to the

25 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 et greater dehydration of'the labels and yet greater emissions from those labels.

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

30 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 label concentration at a fixed
nucleic 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



phenonenon. W believe that there are at | east two opposing constraints
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polymorphisms (SNPs) and/or multiple nucleotide polymorphisms in human genomic samples

weighing 4 ng to 75 pg, which contain approximately 604 copiesto 11 copies (1.3 x 10" Mto

24 % 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 pl is conducted on a

25 ‘ genomic sample containing less than 700 copies of the target nucleic 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 80ul reaction mixture we have 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

30 preferred embodiments, a biological specimen is obtained from an organism or cell, and a

genomic sample is prepared from the specimen by lysis or digesting or removing at least 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



30 A conpl ex saturating anount of |abel is a concentration of |abel at

| east sufficient to achieve a maximumin a graph of fluorescent intensity
agai nst |wbebosssmsent rati on at a fixed nucl ei c aci d coneemiBS/053162A t ar get
saturating anount of probe is a concentration of probe at |east sufficient
to bond to all targets in the hybridization nmedium This theoretical value
may be adj usted based onexperinental data (e.g., titrating the probe in a
hybri di zat i ot are xat liméedsp edkaryetes, planty etimgle rveréahnaica fiplopmmalp hppanspierabes t he
theoretical ygluye.nmay not be identical to the enpirically derived val ue,
due to factors |1 ke self-binding of the probes, non-specific binding to the
substrate, etc. PhtonallymarsticRNA e gensrio el fan AratIRited by a@ubPlRer ei n

refers to thgemghdnt GAhEYa1EEmbUSDprof-ABH HatdidBled &U. O PhestWosEs 1518 Bxle  The
target saturating anount of probe can al so be expressed as a probe to

target riatioPeariiali whardin degatpringreapdifigng atggeideds: 1 t o about 1012 :1. The
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L ! ar get
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possible to assay a test, sanpl e havi ng aa\a{\% uge of a Ol{f 8 ] m curol iters,
whi ch cont ai WP%&S?OWIS?B‘EFGWBP% © BECRIG AN G RS AN T ATER S Ut 3. 2
pnol es af prohe, thdpiadinveiion caldetieargenmeid 00 s@uencesertsh the gaomhcagplet 0 assay
human genom c targets at a concentration of .2.4 x 10"18 referaghly at a
concent r at i off"B¥!S 8§°W°éar§ﬁ§??t i5 not c'i‘iﬁ‘atf‘gorl\‘ﬁ onpepartl ﬂ}.' %ac%n%ﬁlbf([)“d‘feﬁ%lﬂt s of
t he i nventi ogmtdEnese NG ibnodiceRaiphcoinptisg lab jeagp riod) s:fatblyaatcleast &0%6,rmoreon of 4
x '". 10 7ML, ef bl.y at concentration o; - No re than.4 x,10 M.
It shoul d goprﬁ’;e‘t%hlﬁ ul? 6‘%é’§¥ﬁ§m§’1§te.g@{m\}’?e' t RaF T h &R PSR Sy ﬁ;g t?/rﬁ(%tﬁl g‘gel%raceld not
i ntended to syggeshn beatecitdie gempmivaequedasioore thet 2idtlong prgfembly@orethan'Skb | |
| ower concenirations. of tardet or.that the probe concant g%i QReEanpot. be
hi gher ' Gt | oljB§ . AccORdingly,- .erlg"?g%h %f;ch i ig%lﬁfngcr Iﬁ?/t%ar e nérﬁe% .en% i'nents,
. unanpl i fi edsegencris ot iredsgpliitoafictoe Podirad, thd tasget nuclpio a¢ifesqrenaais imsiagle. -
concent rat i OfSy, kNG| AN GBlhNEnat GRS RN ES 2 SRR ok ¥bpe0 98 &M of By IS €L s ngl e
Tat LO0=souptd! - Snat . 9&ho .
nucl eoti de p%rl er %ﬁl sng%gﬁ(ﬁg an(@"og arm?‘tﬁl pIne ﬁuc?e.ot'l dep po% mor phi sne in
human genoni ¢ - sarfpizeinueie aid sagpenceirgethehopBl pfcratibhectifielgrtyding happriorii nat el y
604 copies tg, .kl LRANGRNSs thiduekl b aMhRe atftonsh 3GrtANM birhdﬁﬁmﬁ_?_e;.%orteg, '
hybridizati on m xture) of the nucleic acid target sequence. Thus, in
cer t ai n2@nbogvaaers Vithinfegeadmaganibe tagatedite gnigenly idpptify prepeetics Shihfisiomee of 80
n is cond ucﬁ’l%férrgf‘tm%et nucleic acid sequences are 8 to 200 bases in length, more preferably 15 to 30
bases in length. The target 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
25 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 also suitable for detecting non-genomic targets, such as
cDNA, particularly for the purposes of screening cDNA libraries.
30 The assay 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



25 genonmi c sanple containing | ess than 700 copies of the target nucleic
aci d sequence, and preferably about 150 to about 300 copies of the target
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sanple to be d| estegéto fa&)l i tgte aégﬁss tq?fétglg targ nucl eic acid
sequence(s), Phenomengns SspiminenloeRePB hah iptleeq f witgin fr’é‘lf’fFrBﬁchfatarget
nucl ei croaci Gréveaigun caiEox dt bitds sepantl bj;( Ul Basélwk Abila| lei;%S‘tl armtm@@fdbm?geef t he
conpl ete genone, Wi t hout requiri nB]Iné’ kgs? om c DNA t mented into

smal | er seqUERRES ™ e FARjRor-grqpxe Y SAPPlEh V&h&ﬁ adét ProvefaEst nucl eic
acid sequenmeﬁpmb@aulﬂ Ibec;geaaimma&ajml EmBORFHoYE ddig GBS eontpadmetmi hat is
not fractionat tial fractl nat ed | erta nbodi nent s,
t he genonic @%‘ﬁﬁ’fpg "&‘Sﬁbaﬁ%é%?&ﬁ[’ ‘ivcé’éds%{'tpfﬁﬁo T“éef BRSPS ]ﬁ? ’é‘%@fo F595% nor e
pref erably Xoffleokoud espcet & hyeriareme ﬂdmbemﬁrmiongmnwhdﬁ@nﬂbsls adthee25t ar get
nucl ei G aC| d se ence can be te noni,c sSeqpenges nore. than 2 kb
| ong, pr Sef er’%eﬂlpab FEPE FHAR (zggﬁ‘i bulciJ the%ogrﬂ\ & B TGS MOt BEERS SPRRIE I of : t he

. genom-c rratnsclecmilde padymirpliismsngnee ﬂeoresa@ngmtenmasl oem:ia’ce«hwiﬂx:bnshquﬁ‘mﬁg ahda not an

assay |1 m 4 iygg Lachalvos RLELEI0nd DL AL0RN Auchele acid seduence is in

single. - ran enom<c na avi ngalengthfrom8 bp
to 3.3.X. 1" Q bp Amﬂ@lmtm&theor}’ﬁéﬁugle&thaﬁd@ﬂaécleaamuualsemnéw@es 4 fgstGinbtion of - -

shoul d. pr ef Qﬁs@am;ey F B%n&ﬁﬁta’f th@faﬁenst Jhé/ caé%ﬁeﬂ%hflhpﬁe f rgs.%éﬁce of aIdfacent Tapels. + ucleic

acid ..seque ce | €0\ans g though a plura
non- un|7(9uej (e.ghvpfRET, @r@eﬁ!ﬂéﬂq@e@emvm rinsfgr geviadDEM rfoper: dpmrgeeqresd to
uni quely. i %Braﬂld(ny 2 QRS takR 8ot dl:sﬂﬁ'ceq%@,%)em F; is inversely related to F,. There

may be a concentration or range of concentrations of charged labels, which allow 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
25 the labels, but the number and location of such sites are constrained 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, labels and environment) might not provide

adequate shielding of the mutually repulsive charges of proximal labels, and/or might not

provide favorable sites for FRET-like or DDEM interaction between labels in the minor groove
30 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-
like 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



Preferred target nucleic acid sequences are 8 to 200 bases in length, nore
preferably 15 to 30 bases in length. The target nucleic acid sequence can
be unanplwbizeas/ozsersem ¢ material, anplified from genom cpPomtBOOsD53062
synthetic. The target nucleic acid sequence can be all or part of the
genone of the organismor cell fromwhich the genomc material was
extracted, or 25 can belong to a pat hogen presen;t%éor. previ ousl gresent)
in the or gamimneopvec gitdrcalaling betwedneproba e fargshbases, fee: aigmmpens 810#‘818 8°f or

di agnosi ng gs%“c%&éd BTN AL HQ BSaet RbHciarh BBelf Woul R REHIIKEIY o Ukk @ biobea ol Of
pat hogens t at 1 nf ect

a host organismor cell. The assay aqf the invention
i s al so sui stenfisof fusficiens feagth mayal B’ri‘-sb@ﬁ‘é‘?ﬁ’ﬁm'feé?ﬁléet@e?sé%&%“e fo &'ﬁﬁﬂ?ﬁe
particul arl y ok thendMoRRS Bat &Hersy Grafi@d ioh GnetiNAighakibi Bstived. hS8Gbdhemassay can
detect the éresence of one or nore targets usi one or nore probes. The

use of & pl entandeepissipn fpm fheprake:igsrebiawicr P EECH B ural ity of different
targets is partigddh@mbly, MRk WF the GivestRh @fetpréferatilp pihgle-yp@ded Mleitavids @r evi ousl y
di scl osed that probes are &%efer bly f? t@“ﬁﬁgo' b@ses. I ong({f haend e
preferabl y Budeic 3 agalegss plghido 3% pryesds fengie whergil AscmingUO it A SIEPE Y. Si nce
then, we haygunexResdsd ismaifieass acgaanstet & enfipeinigpatiob detivemg bmogn be

adj usted to increase the nsitjvity and specificity of detect] For
exanpl e, i n intRdargs) Bpexipated dabels oqe%argelﬁ@te&%?ﬂkhé‘?’ I‘é%rg H%ger%ﬁldﬁlgﬁgbrfer pr obes
out per figr Me daskIengBlop@nEeOr dierzy panetans enerdyntigrafonnBrefopabhbibs lesgihvis gicaters
providing the greatest sensitivity and specificit en detecting the
presence of ﬂ?imgil‘?ﬁs?ss Sflﬂé‘obadir%tjﬁrf‘{?lvil}epﬁ%&f&@?héﬁ% m%{?n pl ex form ng probes may
be optimally spesiithileprbias fooMR ithbt Bedniiorassapmolu®be. gEsDNARNAUHENA. BNAf er s from

dupl ex form ng pr Fehaar e.ont i mal | VoS PeiAf L6, 50t ghaction when

they are sh&?ﬁ%‘&’ gﬁmgﬂ"ﬁgﬁ bé’esr .d%‘{"h%%‘?ﬁw S hfuﬁlggtagds_g@ e'gougﬁd‘ by any

theories, Welogfid-@fanded pasddib| eidex phdamatltionadidranglhguss pérarsisins ovnchageduni ng,

for exanple, that |abels ar e to b L b DR (e AL P S0V Lf a

pr obe- t'ar ‘gétp"“élglﬁi')‘fh@%edgtsu & g%sglgaéeﬁgnrd%f g%ﬂ%gf/wi%%g%e@%hv\e woul d expéct a

25- ner : pr.obemilegugsis whdepiepert b desaimentbodimenys, thelanethef i prabatgn beaplen=s ther

conpl ex, while a 15-per..or -target .conpl.ex woul d beexpected-to:-have only

1m nor-'gro'('f@a(;h%ri‘egllgﬁg%dﬁ%g% e(-t\'pér'(‘:or'fpl ex. This night explain why a 25-ner

probe woul d out pBrobwsmiithg imvEntipararqureftsebly Wogéﬁa%ﬁtablﬁéfﬁé/ﬁr&r@%fd%%l"e‘>‘<‘

woul d be EXp?gote§gBtonQ@eyo?oxtdgi%dﬁ?ﬁﬁse Zm%gmgfsm;gj_nor- groove .bi nding | abel s as
rpr ‘

the 25- . obe-target conpl ex abel s), but the 30- ng({ , proEe .woul d
not be"Zs sensi t Ingertairpembodiments of the invention, blocking probes can be used in addition tothe:

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). HPAs 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 HPAs 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 (CH3)sNCl,
(CH;3):N-HCI, NaCl, Na;S04, Na,HPOy, and (NH4)2SO4. Preferred HPAs include the water
structure-making substances (i.e., kosmotropes or kosmotropic agents) disclosed in U.S. Patent
No. 6,783,932 B2 to Fresco et al.

30 The benefits of the use of one or more HPAs in a reaction mixture and the best
concentrations for use under any selected assay conditions may be determined experimentally
using the present disclosure as a guide. Preferred concentrations for selected HPAs include, but
are not limited to, the following: 50 to 80 mM NaCl, 10 to 60 mM Na;SO4, 50 mM Na;HPO,,
125 to 250 mM (NH):SOs, 30 mM Trimethylammonjumchloride (or trimethylamine
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nucl eoti de pol ynor phi sns, since fluorescent intensity is correlated with
bi nding affinity, arid a : \ base m smatch would be nore destabilizing to a
25-nmer t hwo W@/s3@38-mer. 1-. ' v , . An, alternati PeTURBOSNYS3ARS UNES
that the |abels are nutually repulswe as a first Junctionof distance (Fi)
and that the |abels are capabl b of enhancingthe fluorescence of adjacent
| abels, (e.g.,: via FRET, fluorescent resonance energy transfer or via
DDEM donor : lddmclilorgial Bary 52.5 miMifeteaniethplpmmeniemcbiod der(dMAIG tehaduaddsfl sefirstelanc e
(F2), wherein i ration
or range of cgﬁc%?l\%‘tﬂ?ﬁgﬁcﬁ%m&lﬁar eg) Q%E&Nﬁv\ﬁlj g Ig(\?vﬂarigl%%c}ﬁ%
i nt er cal at i ofrewsb ettdheath&jb@w @ﬁﬂg@hhlghﬁl‘rﬁﬂne@mr@tms %RﬁanﬁPQSRE’Tabllizk‘@lpl@ﬁw ssion or
DOEM 1t is &Qédsan i'ﬂé‘&e {,Aascsa%ﬁmts LR hgﬁerweeﬂa%@ afeQvithlh@nd RoAK pEan
provi de additi onal terc ation sites | abel's, but the nunber and
| ocati orf of weseht nmemt@s, theyearenohreaviest fredrbBize the sresific h@@aw%chw!wdt he

| abel s. Thusqua%ﬁgg§oﬁﬁéﬁ¥geﬁlﬁ%ﬁﬁoﬂl n length (which we expect will vary
somewhat depending on the nature of the probe, taregIn | abel s and
f ¢

envi ronment) ni gicerige GYBMW%@ thefdlry &tabo 3 ﬂ?%?sﬁﬁ“h’@b Yrb epbedisasntsythe epul si ve

charges of pyR¥f/Bh-HPARSE S a A HPELIGNR ]S i tphioal ®iiAd edditR¥A kAR 18P Siabgs for
FRET-1i ke orDDEM i nteraction between | abels in the m nor groove or

i nt er cal at edarpélsapptional JaedPyflabelizprefaplfusn intprgslating dabel) more grefrally adigric| apel s

are abl g t 0 Ltifd £8lafd SefMBFdpreitatipgeyotinr oughout the doubl e-stranded
target, and that the di st ance be\'fiﬁEn these | abels is to%&}?rea to support
%

FRETI i ke or DDEMIPHeksis9E the pyentipp *]*f!“}“'ﬂ‘é“‘lﬁrsolmﬁr Y8 occur
bet ween suchppAY £ Gabatsste brRedbly lﬁifercﬁlb@gtf&bﬁﬁﬁors%n Prdftiee ibelassaimdted W th

and Largot - bisbakt iy B pouipinen O LADTEL oY 0eh SDEBaR PRBLADRIET [0

target associ,20ed-3| BOBOS, VOLO-d, OGO TDShnite disdry YRR 0-0,TYBPRO¥10V@PROM, obe "

Come i solhPRPLE T RS RR DR, BB A P L RS ROL 1R Z‘Pe" S
energy mgrat |@ﬁmrbahmmars,t dstmdiumblebmnde;aamlcﬁuremhanmmeremedsdnmn hbmodimenil:

pr obe: t ar get t}% i) genvat VES, acrl ee daectlgl%l 9an e, Aé%ﬁ@]gled Idre] aﬁvtas,p re%? gcud}np
I nventi.on ar% rﬂTeraf S|n1flés ran e(%i1 nucl el c aci ds or eIC acC d

anal ogues.0of hetdsodirger. Sﬂncbm msmamdd: ervgidhvm ivdide; 8Y O dyes, SYIBR Gradri io&YERdybhe si gnal
o D2ckor UL AP S T A S S5 AP BBl a0 o1
i nt er cak@t eddyeatbdabxso- OW@OWM‘@:?CMFW dyes thet gpleelﬂ@m;td)ﬂlkva@wa'zﬁl Véﬂgqswc@fgd im zed
for energy tfangiRic s SRG @Y¥hol Hs@lbbP R U S rlehis Ak Ya,885 RE7 (18595, Bealo57 9r eat er
(Yue et al.), 5,321,130 (Yue et al.), and 5,410,030 (Yue et al.), including nucleic acid stains
commercially available under the trademarks TOTO, BOBO, POPO, YOYO, TO-PRO,
BO-PRO, PO-PRO and YO-PRO from Molecular Probes, Inc., Eugene, OR. Ofthese, YOYO-1

25 (sometimes referred to herein as “YOYQ) is the most preferred.

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

30 The invention further encompasses the use of labels that errﬁt non-fluorescent 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.S.A. vol. 97,
14268-14272 (2000)., etc. In certain embodiments, the labels are those disclosed in U.S. Patent
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than 15 bases. Still nore preferably, the probe is 20-30 bases in |ength.
Suitabl e probes for use in the inventive assay include, e.g., ssDNA, RNA
SSPNA, LNAQ 20e@si89ssdsRNA, DNA: RNA hybrids, dsPNA, PNAr DRAThphws/dsiend ot her
singl e and doubl e-stranded nucl ei ¢ acids and nucl ei ¢ aci d anal ogues

conpri sing uncharged, 15:, . partially-charged, sugar: phosrhate/and/ or
peptide . backbones in whole or i part or base . .analogues in whole or,in
part. -In c eNe- 3i930,23p W rmamaia et al.ryéhicheise hdestotableshasgobycreastion Qrent@reqtle@t ed to-.

mat chthe | ep@fdle Qdplel sciBSr$ich are mutually interactive ln the pre fenceofa multiplex helical = .
, Probes of the, i1nvention are preferab use and stable for

years. Accor Wﬁ&?&hﬁr@by caugingpdstectablp chgagenFeain @?boélfr’d@tﬁ,éﬁ lgbels gergdoxgetant i t i es

and stored. (eg,redék faits)e8fwodial pRBROSN HEBILed P st BMend 10 8B61, 04281k G HIPT Obes
can be used |n addition to the probes intended to bind the target nucleic

aci d sequenc®. S@?‘“@“&jd‘me’ﬂﬁs@elwsé‘l‘ﬁqui’%“mé"t&lo 676. The probe and target

are hybridized iR it Bgo RitBRSRC&oft oftthé) R Edtidh z&hdeqabemréasméd ﬂg f18@8REncé HPA) .
ove the specificity

HPAs are generall hat _have, been f

and/ or al acriif® %%Pﬁgwﬁl%ﬁm?ﬁ%l%@Eﬁfmgﬁﬁgﬁ%Uﬁé%Fﬁﬁﬁ%a S95RE7 wNakenstaly f ound
that HPAs can bEIrU(Seﬁﬁin fe@boﬂﬁenwtagaflad nElUE@lire® PF(&S:S@?@@ thPbrflizatkinl dak Ge t hg
intensity of cenc ro ntrol sanpl es cont ning probe or
| bel - Sui ¢ A5 AT R BT R SOV oP BAS) SOHSEH Nact , N
SA4, Na@HPOAnd amvdlitdrivkidie?atdpord foe berfenechatded\ss idRelbsed én UL PwRiiteApplication
structure- osnpt ropes or kosnotropi c agents)

di scl osed Fﬁ§%P hmﬁ%ﬁéﬂgﬁﬁﬁg£%A§ N %BY o Fresco et al. 30 The benefits
of the use of onkisatso msxsxeleM&cﬂdﬁffeaencesaﬁmmmmingpmﬁhs mﬁmtahﬁnip&aésto
concentratio f.or nder ched assay o d|t| .

det er ni ned ed;%g?'?err‘g%?haf %ﬂe ‘U leﬁ‘ﬁy "}refllge g‘F sgeier?t ©&i s%%% g%a%%n%}lﬁfﬁm _
Preferred cmﬁcéemroaﬁ%ﬁm:l fodiipskwdt elc freiciHiRde dimens, uﬂmmgﬂnme bafdersmﬁalsbbm ted to,
thefcﬂJow 125 to
250 mM° (SNH 9%‘3 ‘%q%‘;@%gﬂ?”ﬁ. n% 5 a#“gersnog rnolgﬁsh%%}\jat eéxfu%q compara le inding "

trinet hyl.an aﬁfémwrﬁucmg@srand@9mpawtecd65@uralonazMﬁﬂ@tfcvrainmm@tioammm SeecHilSor i de

(TMA-C ), e e 0% gq&g 0 MM TMA-C in conbination, with 10 to
20 nNINad 8f%gm%@‘gaiengg 3 Bl%%:eggz B2 to Fresco et al. teaches the use

of nuch- hi-gher - cBheclehel, iPERDE.GATEST a1d KRy Ars cpoipess! te providathe Ihyi:z@xzamqnpﬂnetms based
on pol ypuri ng.:s QR GRE Siitiol i cbBpoabiE) «fth 3D RhteL QﬂGa%{‘&{e%HQ Neie. % %%@Ir Bin.the

scope of ‘the present invention, théy are nof required to stabilize the
speci fi%d® hetaéfilﬁﬁb‘l’f)ﬁwmteﬁis’m @5‘( g¥brigization mixture need not be critical; but significant-

information about the target may be obtained if the order of addition to reaction mixtures is
varied and the label emissions monitored and compared. For example, the HPA (and/or
HPA-label) can be added to a solution which alrcédy contains the multiplex to be stabilized, or
can be added along with one or more strands. Moreover, the components of the hybridization

25 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 “oligonucleotide-quencher-fluorescent-dye conjugate” of the type
disclosed in U.S. Patent Application Publication No. 2004/0081959 A9 to Reed et al. Such

30 embodiments can further comprise the minor groove binders (MGBs) of Reed et al. The MGBs
of Reed et al. are also suitable for addition as discrete components of the hybridization mixture,
and are expected to facilitate multiplex formation without increasing background noise from
non-specific fluorescence. See also U.S. Patent Application Publication No. 2004/0058322 A1
to Hegpeth et al,
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guadr upl exes of the present invention. In certain enbodinents, the HPA is
al so a fluorescent |abel. In such enbodi ments, the use of a non-HPA | abel
or additiwoabodiBessabel s i s optional. HPAs additional tecrhBoésshebei are
al so optional. The HPA-|abel is preferably an intercalating | abel, nore
preferably a dinmeric cyanine dye, and even nore preferably YOYO- 1. The

| abel s of the invention (whether functioning solely as markers, solely as
HPAs, or as HPAsThendienefieditienof serapopentste the BYbfidizatiospisiuge Rmbe SENSHE Bhor es.
Preferred | prgalms P%[rﬁmféﬁﬁbﬁo%e%?l\%’ﬁa‘%g n&rfemdttﬂﬁ N QR &Qﬂkﬁﬁ&tﬂe&%@éo YOYO 1,
TOTO- |, YOY O 3, BOBO LO_OI JAIO I,
cyani ne di nélgslﬁcaﬂUSIHR@4e”hT®¢1bP{bn?PeraWW“3 spefitic pries of addT‘G“ &, WepO. PRO- |,
BO PRO- 1, PQ: RO thaPiRe R IhSordbrOf Rididoh cé&@n%ré‘erre@%ﬂ&* d’f@dd'ﬂ?iﬁoﬂﬂlﬁé}ﬁ,

et hi di um brom de, et hi di um honodi ner -j hi di um honodj ner - et hi di um
der i vat Bves resalésin Hmmeved sefsaglative torlegs gréfeﬂaqursied% Hfeddtien Fgt ?%%Je we have

etfadrum aeruhgdi}@ctedlyhﬁstcwe%al 1R ladl st thé ﬁfg@trﬂum@ia@&als&@enc@ (O] bntdied Mdide, SYTO
dyes, SYBR Green 1, SYBR dyes, Pico g
7-am noact i EEHES FETle) (b e lBP'é‘f‘@f“%‘bF’ﬂ?‘t‘“? Ili’ét q:agggqug ére%haB‘if Py 8 o1 homo-

or heterodi nB{sHivy. mwwaﬂ@uldaﬁsarpmﬁg cofidin@BRABEGREtHE labid forbBhRkzanbe n
associ ated with nucl ei ¢ acj ds, e described in U S. Patents Nos.

4,883, 867 ( Imagyre last igmoregyefrred for °&‘¥a“h‘rah°f enr‘l%"dg‘?f %130 (Yue et al.), and
5,410, 030 (Yue ethedkde} of ddagibmichinnGo BeisifRiicantantietl s@hicdrnal oﬁmernmmmn@kslaye

avai | abl e under. t he trademarks P Y PRO,

PO- PRO and ¥ C@WW&W%EI“&&W%%P“W%‘ES%%‘ OfDmEﬁa b IH 5. Egeht ppl[“ﬁese YOYO |
(sormeti mes lrpafglezaﬁ@dm 2M0ROEI0A5RS FoYQMGhY, b dulftrel sistonpnighteber eektrically
Non-intercal ating,labels acte al so wtbefor us th

Preferred eX5i ig b8$ injing e grl het tg l Be, CHRORE™ 1) Jhnfalértnmﬁlr?ehygrf%u{é)é}gsccéi n,
and ot her | ahighs. Elecﬂq&di@ie—tﬂeaﬂnreﬁt oamamarbythé bansitidycad/oespedifidity of thbsseayce of

fl uoresgence sig vvh er._the U t ex . when
irradi ated with @3&%1?' ]f“ gﬁtp%nn%]lrx&l élmafzﬁgmg%vp% Ora%e%*‘)h g{tﬁ& té g‘?log‘gl%rgésﬁs%é t he use
of | abel.s .t habceanrilbhcubasion id avodued ever-a-piriph af Gme Bsscthan| Qlsaingesi Weﬂeﬂblelws e

| um nescent ts sca t :
parent Ko (S Rl ggragraﬁ a moqg{h%r?g, iDL BhR SRy aBuls

uer a mane I C see, eg ,
Cheml a et- almmﬂtdzdlmrl@s,emsl piefeerblydlgmintite bﬁ&asleﬂémonﬂ@pre&mbb'g@ sigd at

| muno assay. nonﬁgn%ﬁl,rda\géﬁxperé%ﬁ@f%d Stk prefH‘abc*I"y Beontfted a’&Zmperature(s) withintherange'- @

20, - of 20.to 409C. As used herein, the term “non-denaturing temperature” refers te a temperature " v

insufficient to denature the double-stranded target nucleic acid sequence, and explicitly
encompasses temperatures at least as high as 40°C. Temperatures sufficient to 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
25 wavelength of maximum excitation of the label after incubation and then monitored for
fluorescence if the hybridization mixture contains a fluorophore. For YOYO (i.e., YOYO-1), an
excitation wavelength of 488 nm is preferred. It has been discovered that the power density of
the light irradiating the test sample is important, and should preferably be set to deliver about 84
W/cm*/sec radiation when the label is YOYO-1. Unduly high power densities, whether
30 delivered from lasers or bright light sources, can not only abolish the assay, but also damage the
reagents such that the test sample cannot be subsequently assayed using appropriately powered
radiation. This is so because YOYO-1 can act as a photocleavage agent if suitably stimulated.
Lasers are the most preferred radiation source. Instruments powered by “bright light” sources,

such as Xenon bulbs, that generate pulsed or continuous bright light, even if subsequently
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14268- 14272 (2000)., etc. In certain enbodi ments, the |abels are those
disclosed in U S. PatentNo. 5,939,256 to Yamanoto et al., which cause a

det ect ablwochangsosy reaction or interaction with the ceopliB20sbsed, or
which are mutually interactive in the presence of a multiplex helical
structure, thereby causing a detectable change. In certain enbodi ments, the
| abel s are redox sets (e.qg., redox pairs) of two-part probes, as disclosed
in U S Pat dilteredjcare @es@6uitabla o Bairy op Ee@bshy ating YRYO-] r@n‘géﬁﬁe&’iuh gefRedi nent s,

the labels qf& fg gsr{rl}tg Olfxﬁered orili LightS R n¥l dobivAlerdt BLIase 9{91%1]9{011 theyigvention
to use labels a | uorescence ani sotropy methods of detection,

such as di sdYaﬁsPe‘Merlﬂi}OtOJdlSdf’SF%‘Flé%ﬁthWeSCBt in 9 ume Aesiehal R ePiceflugy instiugenta ¢ g

enbodi ment s, ;ol,abelys B Lodiefies! AR Us&llo i burdieaia) 8 melRIYON Gatliddicgan be
det ect ed by Rar awm ng the hybri di zati on conpl ex through a nanopore, applying

an el ectri c oisiPe: 10 and nonitoring the nanopore for current changes, as
di sclosed in U %n&&%&@dlﬁ&é}ithgmswdas &bt bfigbye@ B iNadiat2 B0 BHAQG2RABINA | to

Akeson et al. It is also e to detect differences | ting
profiles of ts 1?°H“45&’|1ﬂ‘éﬁmlgﬁg'%ea'?‘éoﬁ‘é]?tégﬂffﬁ@t% s i H%m‘?}'gar‘r% g’g‘gﬁrg

IAdan ' Ci' Sﬁﬁls%@ml% d,lflfe%nﬁexci?ﬂfoﬁ BitarafefidticCad dnfpiloyBHl Hok &ﬁfnpl&ﬂasﬁbhghﬂﬂ@@' 0 157207
L L0 P ot SOy B ILER S S R0, RIS °L 20 P°
exhi bi tro COW@Bﬂo@bﬂoﬂxehﬁlecﬂ@h is.applied fd extitetotl e Slabedy présar[tget s and conparabl e

ﬂlg nat6u gggl 0 17 3 ! l es f Qreceg-n g tgnllél-,{xt, fI: SC[))QCIP CIT.'}’ o%’tﬁe assay | canl‘g)e. 1mproved by dlggl ]Ele nt

, The | abel , Ay ﬁnhﬁzx-m tha hgie idizatiah<mddiv thatenigho oibEmése gbnemtqaa: mmade:xﬁcrsgnal
hybr hdi zati pfnéfargef 1&%&6 tx’lple %rbtfe?tgcj 4 ngc%%emglaphas?ar&%lg%g%'% i’%gn%\lb 6018% ents,

such as wat dition of
the conponertistt RlambetgheTbiylbret ali, 75 realmmn RiNereaasyag dBelpd) biyed on iPth@abn but
signifigant-_' infat, t I order of
addi ti off t o 8% Ectencenlgf‘ﬁdﬁ t;}rc @Eﬁ%&sz@gg?p 13 39@%') ﬁﬁys}'l%%@l? e%@%?%ﬁlgh &nl t or ed
and conpar echesdrot halddgrtios, wheregs mma@méﬁamqummﬁaxd@mmy added ‘to-'a

sol ution_ which. a%n g&%@n&%&%ﬁt@&tﬁa sgﬂa?aﬁoﬂs‘? tp%oﬁ&u@l@&ﬁﬁo?t%@ﬁecﬂﬁ% can be

added al ong wi'tth one or nore stran se reover he conponhents of
hybr i di- zat i ‘che @ahimitadriomcthnhybeidization medipior Fhiostepisenenies & @@W@@Wﬂbr

conposites of, quhgg%é?mfpﬁém Prdslsl F?’{hgkbﬁératﬁbﬁ KBRS thEXa 0P B clbnisde

conposi tes i'n and/ or | abel covalently bonded to
or inte#cal. awmrtmtamhhmﬂ% fbl‘feé‘ﬁ%o aAYY-t'he ‘target. In certai n-enbodi nents,

the conposite c a@héﬁ}@bﬁ’d?zau&l hSRRUGLRR IoRlRTRG ke tihdd Br BBEIRMssiEy Ater
conj ugat e” OlIemtg ?r?adlt %éd 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 directly or inversely correlated with the intensity, depending on whether
25 the label signals hybridization through signal quenching or signal emission. Thus, the
fluorescent 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 probe may be inversely correlated with probe-target
binding affinity. In certain embodiments, the fluorescent intensity increases (or decreases for
30 non-intercalators) along with the extent of matching between the probe and target, preferably
over a range inclusive of 0-2 mismatches and/or deletions, more preferably over a range
inclusive of 0-3 mismatches 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
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disclosed in U S. Patent Application Publication No. 2004/0081959 A9 to
Reed et al. Such 30 enbodi nents can further conprise the m nor groove

bi nders (WOBs(c/380sReed et al. The M3Bs of Reed et al. areraBmossssiéabl e for
addition as discrete conponents of the hybridization m xture, and are
expected to facilitate nmultiplex formation w thout increasing background
noi se from non-specific fluorescence. See also U S. Patent Application

Publ i cati on $dguen®@0B4AlHpBBE AR vedan b@ehkqmewtneranthahaagfﬁledmfdenneaﬂ’ureasﬁgﬁdli on of
conponents tQ t jnocertain
enbodi nent s. e lﬁ&m’&){&{ nfih.ﬁtg 139%1& oungbﬁﬁa% qﬁ'ﬁ? 8‘?‘?‘% rgacf’érmltmicgcSlneed be
so signifi caﬁ@ﬂuea@ and)thr erolebeds ﬂlh’énm%dtybﬂwprerﬂ&mrmmrtrbl:evraméspﬂu@pﬁemdme c order
of addition. haNiSer I ition can
identify a prrgr?ctevgl%gltoraer smgﬁt%hgﬁgasﬁﬂ:% E’ﬁ*"@%%gﬁ %{Jﬁgs)?{rrg?gge% results
relative to Y5eE5§ Brie€wicvelc @P@'@F of thy miseielFh(espwithir the hxidivplicn compleds aig.e
unexpect ed! ydiSHaY S etntdiain eﬂ@e nedwgetew&% mugsro%e Gt magLsase (e g.
contained in the genomc sanple) to di zation m xture | ast can
result in enffaKBEIEHet mateh or ae{ﬁ‘élm%*@r@ﬁ t‘%/ ifpiately to sprpescy the pegetnuelpir agid y
surprising cpghgdering that adding the [abel to the hybridization mxture

| ast is nore preferred for certain_other enbodi nents. 10 The order of

addi tion can al séhy@idsdgisns paabe eerigihesqliestsdhand valyated apg fupgiien efgimseviealies ar e

el ectrigall Yinﬁin%n&fuﬁﬁt B8 ckdingdé; a@nﬂg@ﬁ%evnubﬁsée&% %&lﬁa@@m rBgsct Qitm%an 9@“ l'ier
U. S. Patent 11pl i cat] on Publjcation 0659. For exanp

buf f ered sol BeHgHd /R bater drtermioe Whetherghy vofﬁ'@r?‘rﬂé(d’ﬂaéﬂ‘%@iﬁé?f@t @B"r’r%? Pﬁ“hg t he

probe with oehRficeGO AYBREMALS hiRtukNoMfbiniAg al iefohiMing Mbb DR drlifiBease in thd €Ct i cal
pre treat neeﬁ can enh ne t he sens “tr\ugc%n nd/ or s(gecrfr city of the assay.
: YSFBFIIER AP TB ISR trel e wespReriEdmaish and adecrsatsdn B tine to

?I | o hylbrl ﬂijof]e@dehﬁignalw.rthresﬂie@tt@ﬁlﬁel(“waﬂnlig(’)}mcﬂidtdéBlablSof@@&&HtQﬁa@!ﬂ Sh@kriyaper i od
of .ting Jess than 60 m nut e nor e

ot ef e a8y PTG PR e ep PR G b i PO A B

m nut es - or .. | lelsbmayimbdatepn eﬁ}ﬁffédbinytcﬂ.alﬂlapufeet nidtch) le@ﬁctlvklpcuhﬁddgﬁ)ﬁhdbfsoxﬁd‘ eferably
Conu g 2 e b AR A b RS B o DGR S B LS EE L
used her ei n,timd; iue smlaromlblm distiegnizh bﬁtwwgpﬂ&nqm&t@tméfhrsmfcbafssvhéreaie tignaper at ur e.
seHEZﬁLL' C:an(%i exp?ll Cl mgcgr[{%%%egﬁ)aldgésgttasjg&eerrma tﬁ’%“é@”%ﬁ? gﬁf ‘%lxgwammﬁ as 40C
Tenper adlur essigzelf $npittidelyt ﬁlc anldteatelt ‘mgure’ rsbcwsacrvgbmeaqsfedlmntupnm ehemgesl ask 't hey
add cost, derlsé;}gssmq unnecessary conplexity to the nethod.

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 of the assay (e.g., order of addition to the hybridization

25 mixture, length of probe, etc.) can also be varied to check for consistency across multiple
protocols, to enhance assay reliability.

Detection of the fluorescent signal is preferably completed within 60 minutes of
providing the hybridization 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

30 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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The hybridization mxture is irradiated with coherent light preferably at

or near the 25 wavel ength of maxi num excitation of the |abel after

i ncubat i omoaoeb/a3bes nmonitored for fluorescence if the hybriBosbi3eée M Xt ure
contains a fluorophore. For YOYO (i.e., YOYO 1), an excitation wavel ength
of 488 nmis preferred. It has been discovered that the power density of
the light irradiating the test sanple is inportant, and should preferably
be set to debingerhihyslitbagpaivylfommpontsidwo hydtizan bayds, W‘@hanﬂM@bt seqesneds Witk @Yo | .
Undul'y hi gh poweé oFeBeidut ﬁémor\é@%l@%&ségngﬁéﬂewﬁ& t%p > Qofise i ght

| i ght sources, can not only abolis he assa ama et e l’eagents

such that t hase edfmignargies thetipgiesse the GE pouten @é%ﬁ hxbrldyscbgrebp a5 tqﬁg;t region
appropri at el %omFn%@nfﬁﬂérﬁ%ﬂy%btch&hﬁyﬁnds%a? Rk R WMk sk aS @bt Gty aS @
phot ocl eavage agent if suitably stinulated. Lasers are the nost preferred
radi ati on sotiiE@aichedorPeinent s powered by "bright |ight" sources, such as

Xenon bul bs, t hatThQﬂE’tﬁcEd&if&eWEr&ﬂﬂ 1sQ1§ef&leS}Tdbt%ﬂﬂgl§enQﬁd ehthtiohs, gmudmgsﬁps if
subsequentlyf;ltered are [ngs suita cf to carry _out the assay using YOYO |

and gener al I‘S‘ilﬂb?é‘rf’é‘i’ﬁ?eé‘e’ﬁ?ﬁ‘i‘? 1“F?°§‘|°5F@"‘ @é‘d?ltagﬂ‘tyFll‘fuﬁ@Pé’ald'S?ﬂ“Fftjﬁfequt%Jht "is

not equi val engertions hﬂmrdelsﬁdnmnaalsocua detd@éd THRMRIts Apefupfptigedhosles, such
as that present in.a Turner Desi.

" of | uor i.nstrunent red by 4
AAA bat t o § JOPRSITE B op BRRL §F SR chaoiRyerHio el PRy Pt
fl ulor es;dnent ﬁo@hﬁé@ﬁams pfaf@al b@lrcompms tfokhetiot E’dgat’ﬁlng Ih¢a) &?Agé Gﬁ&wr/]&@jmelbt? |
enpl oyed to j i at.e i . lrr e s with a plurality
of beans of Hfa “%’fi"r&ff‘fﬁ?@??@"@awea Efgr{&g é}‘ arly useful where
| abel s havi ng di f[‘h@mﬁl‘lﬁd@xbéd:oa(ﬂ\icteﬁmhlaraatblc%{ch&hllcs are enpl oyed. For

exanpl e, | aser nm ca ied.to 1 ] abel s
targeted to det elcT ?lﬁven "?P cofngrr‘se%{n agdlp‘hnetcr’lg‘gf °1n§“16§’§% Q[(gorlpfaﬁtﬁctm%#“%mot her
wavel engt'h imsetbgisl Tbadqtmefaxhiy bmmk@esanip&b:ellemmmmmfor cdllecting tiel desuniiat i ve
enbodi t, roved by digesting.,any
dupl exnlﬁrr} thgﬁ&ﬁle%&e@bﬁ @E%ﬁxﬁ{z&&mﬁ%{ PG ryarﬁ% ﬁhﬁngﬁlcr]f{egr%\?\n se ‘generat€ a

non- speci fi.c. si gﬁmtablemmlewlbamgmeansnncwde butrarthoekmnsl tpisyinges eghs, fviatim '~

di gesti on, bs QY- sl 8 I, ol-un et
al ., "A- rea@?‘}g@nggm SseCkascEpe{ %ﬁ%ﬁb%egeﬁéeghngé %gfggmﬁc@% %(l)r-el;%cence
Nucl ei ¢ -Aci: d@aﬁe@lpsm?r%pbli’;@le%l(lmgyolbﬁwhImesmmamhhfp »vl&vﬁetrswﬂaztccai g

i rdupl ex- . R rﬂggd slggtlmtn tqlnggﬁf/dr?&es Wnereas i nt er cal ation and.
stabilization of triplex DNA ray.

I ncert &% i enbodi ﬁ@ﬁl{tgfmn@b}qémﬁvts amolecularxdentlﬁcatlontag is addedto the sample to provide
ention/ asepay @t LRNBLER & xﬁé?lﬂ%‘&ﬁs%%%fchloa*aﬁa &bk dsdsSf tracking! #s }ﬁsm@'ag@a'

emtted fromthe hybridization medium Eﬂ's step separates unbound pro es
fromi providing 2 definitive audit trail. The tag is at least one molecule capable of detection.

:I

Preferably, the tag is a nucleic acid or nucleic acid analogue sequence that has been
functionalized with at least one detectable label (preferably spin labels or quantum dots) and
25 optionally with at least one cross-linking agent. Sample collection means used in the method
and kit would preferably include the tag (e.g., cross-linked to a support surface) and have a bar
code or other means for identifying which tag is uniquely 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
30 consisting of a bead, a plate, a membrane, a film, a microwell, an electrode, a column or a
capillary tube.
The probe, labels and HPAs of the kit are essentially the same as for the method.
The invention will be illustrated in more detail with reference to the following Examples,

but it should be understood that the present invention is not deemed to be limited thereto.
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. probe-target conplexes. Preferably, the separation step conprises the use
of a polycationic solid - 20 . .- . .support- as taught in U S. Patent No.
5,599, 66 A¥0.2006/033088, : ; .. ' ' ' The hybridizati on m xPoTgBIBY/ 053262
nonitored one or nore tines for |abel em ssion after being irradi ated one
or nore tines. The signal neasured is preferably the fluorescent intensity
emtted fromthe hybridization mxture. In such enbodi nents, the binding
affinity between the probe and targ@fAMg be directly or |nversely
correlated W th ghgp Ileljt ensity, depending on whether 25 the | abel signal s

hybri di zati on throu si gnal quenchi ng or, signa i on hus, the
fl>/uorescent i nt dREEY a@%‘%@%&?‘g@r%‘?p? @V&‘ﬁ‘?aaﬁg”"" ”’8(5%’4?&%‘2 e&gfey
correl ated }g@rgnl?rglpgéﬁmmﬁ&r@@e? 4 wred 10 gssaf duplek inyphcw“tefgaas?emﬁwﬂmmmsscent
intensity of enbodi nents 0 non-jnte uor

coval enfly BEFARC EYn & Rungs, ?fg’g %ﬁ’&}q’é‘@gi‘ﬂmeﬁ?/l@ ﬁrlﬁ%a@anﬂf@%ﬁ%be t ar get
bi ndi ng af 12 iMléstsyaugd, Uar&&i)faﬁpdﬂmarliﬂmmtdﬁ’@ msﬁuotlbrheAﬂDuchDNarﬁagmateSHEme f
i ncreases (or_ decreas on- cal at the extent o
mat chi ng beNﬁe@ CWﬁséo'ﬁﬁr@HB aéﬁ'ﬂ aﬂéflé‘g fean F’%?'é? 16”‘9;‘{&9%/‘5’? GE EREl usi ve of
0-2 m smatcl[@@oﬁmdllmmld-eise(ﬂs&lm]swasrmmawlﬂifeerAlibyneoummrpmnaragiaai(hmémm ve of

0-3 tch d/ del et.

cal i br at | ng FRETHEAS G SEUEr e * BYASCt Tarerania B, bGP SRR 00

whet heriot he cqafrﬂ@eepursiecaarmmis‘scﬂedd imadiG0. Sequetdadorttier Zjbmermupﬁr erimeradi-8€4quence. A
li brati d

callbrati O”GCAltff ?‘ng@& g‘ﬁf‘gleﬁt%re(%&s dwéﬂ’ﬁ?ﬁ%lzﬁ &enmgﬁbé%qﬁer%we; fndfEasure

signal (e.g i's a the binding affinity
bet ween t he 1’a}AgeTCAnLﬂﬂCETAGa@THA§§c@¥eﬁ’C(§EQMNOﬁé~ P0oimele ofeach tiebvvasdi ng

ffinity bet t . th
Fhe nunber Gt G BlHE o BNA'iFL forlf ER TGS ANG T BCRABNE AT 0 V1T
5 vs. T-G vit ((DLA(Z}EMMss)Swugd;éadada)a”fhe(ﬁpilmngtl’lﬁ?@ cmlmh(%)mm l:cmﬂﬁoii he

hybri di_ zat | t d -t

o oA '%g ei‘s ﬂzgl 93%9 35Eechugx]:950 §e! dé‘%(%‘&a e)?lf' e;%ﬁ:%f’?ﬁc%e 0

targe erc aci are a perfect
mat ch or .a mmnﬂteem amlc RICR framteeﬂ wastcmlfme@ﬁlefrgcbeletctn@hwslgelﬁo mml@b?@nm%m d

cequence. . TG S LR UAR bR FRBER LAY {gelollgﬁgﬁﬁﬂ waygere £d-as a

functi on’ 'of* eous or exa ange in
the fluores ccerr@bnt&tngmﬂthe\ﬂcﬂammﬁpb@ﬂ bp éSDNAcﬁergeTanﬂb@Sld@hmrmrwd‘E@OM ter

determ ne h%vras eée? PELRSUDE ec@o%wpgamlcme/ﬁmcﬁ angsh Slg aci.d

sequence in ybr| Zatl on- Xt ur ontaining an 1ntercal | ng IabeI
wher ei R0an . i ncrefgsérsali-mer ¢l dAoresddi pobe prglicnagst ﬁprwecbf;eetexqﬂolotqfﬁ*@

(" waxing") Ihﬂlq!m c%tg%lbxaos@ggnta Gelke S};m;egﬂtd%ﬁ]QDﬁAQWﬁegi@ccr?Eip@dﬁe%%% PerSeptive

Biosystems), cartridge purified and dissolved in ddH,O at a concentration of 1 pmole/ul.
Probe CF01-15 (SEQ ID NO:4) was a 15-mer ssDNA probe designed to be completely

complementary to a 15 nucleotide segment of the sense strand of the wild-type PCR-amplified
25 491 bp dsDNA target (SEQ ID 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: 5°-CAC CAA AGA TGA
TAT-3".
Probes CF10-15 and CF09-15 were 15-mer mutant ssDNA probes identical in sequence
30 to wild-type probe CF01-15, except for a one base mutation (underlined).
The sequence for probe CF10-15 (SEQ ID 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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fluorescent signal with respect totinme ("waning") indicates a |l ack of a
perfect match. Simlarly, ,15 - .. waxing.and wani ng signals generated . by
a hybri diwetzo@m3gisst ure cnt iininga nori-ntercalating . PCT/AB2005/a33@62 may
i ndicate an inperfect match anda perfect match,- respectively; Al though

under sonme .. ;.. .-circunstances the signal intensity of a

m xture'lacking. a perfect nmatch does not decrease over . . . tinmev it is
still possiBA&3-0 di stinguish betweenperfect rnatchesaod ni smatches where
the -signal . . propeCRHi-b4 @EQID NAYD Wik $5RhLEMNX biobed&iaadidebe dinpltelyover r at e

than that of the match m xture,.-or the-' 20 si | emtt b e m smatch
Amioxture shSWEPIEYENEEHE 2D CEPdeSHameR b e S??FF&?H@‘@gor}gﬂpiwdlmrtﬁ’ﬁﬁgg?%Bh%d The
invention egg m&&rgekﬁsﬁqsmml)menappingmiﬁo@fdﬁohiﬁoﬂsooze@eiz[g;emal

measur enent and data anal ysis protocols. The use of nore than one of the
protocofs ca®h 2&hd{t¥Nihe reliability of the assay. Qther paraneters of the
assay (e.Q., Ordme s&juende @iripioda CFO1-LNGSEQYDMNGITredsi GhTAE Giddt AC4, CCangt h of
probe, etc.) can_al so varjied to check for consistency across nultiple
protocol s, C@ﬁﬁ&n@@?@a@'3r-e| iability. Detection of the fluorescent

signal is preferméeyCE@MSlagd EEDMIStWRIer2S Gfbr mrirtantts N A projs ddehitbakigsetivace

hybri di zati on m xture, preferably.less th . m.nutes, even nore
preferably é%‘ﬁ’{l}]('ty&ed’“ﬁ?erg‘{ﬁg?’ P rar%ggasﬁfnél '%?ng@l?(gléﬁ\l/r\}ie Dhin about 5 ninut es.
The entipr e met horheisgupice fe padbk CFBB2TGEQUDINGES) wast S5FAChGAAGBCA AGAes, nore
preferably |g an i putes, still nore preferably less than 10
m nut es, evé%%&g ﬁ?‘éﬁaﬁa% in about 5 mnutes or less, at a
non- denat uri ng tEwpauates e .probh €FORLT @BRIIDINO:BF wash &’TAve Atido ACiAs CCAdependent
of guani ne ogfRerqoptent in either the probe or the target. In the
traditional %ﬁ?t‘ﬁﬂ Si nl(i:le3 ‘G C base pairs formthree hydrogenbonds, while
A T base pairs fOipiexosays, tsignalér) Hy duwescind indescalateas gech 2N YPdbkave degences
W th ahigh Wi O SevahiBREE incRORS ERRANGHDI 9 BRF 2Rl L1 NG

al? %%fogg&{ with sﬁxﬁlﬁl}a@rggr%ﬂtﬁnﬁ% veth rt,mc ?hat RGriot ar% at

t enper afure nseque ase palr msmatches I ncrease the

cont ent. ,of _tidndastryMedeif 32e4P, p 251V Ienbaserdiedhaelogyarsionion lpoModeRAR0 4rM98nt * i n
perfectly matghe O BM0hdes Allodk NeaphiliRdisR Bo VA N BSnASS Akdaked Wi th 5
a m snﬂtthre%%rr‘&gﬁé%ﬁg mlelt h"oheolofe’t hoe i n\?ght ion is usef ulnf or de}t%ec,ti ng

genet i c-nut apiteisg a Medpsydiaids aNBareoniqiHassi Madprdtetddd etmb et ion of

speed and. 1 el Rl LdntathingNye nfil ©oREdnto R @ AUERES McHRERAbShirs 4ESET dEMNAY &M d/ O

del eti ons can also be:- detected. The nmethod is also useful for detecting a
20 - these lasers were configured to deliver between 80 —84 W/cm*/sec radiation at-a waveléngthof ~

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, Eugene, Oregon, USA). The reaction
25 mixtures referred to in this and all other examples were 80 I final volumes and were incubated
at room temperature (RT), unless otherwise indicated. Following a 5 minute incubation at RT
(24°C) the reaction mixtures were placed into Corning No Bind Surface 384-well plates (black
with clear bottom) and irradiated with the Genexus Analyzer 15 mW argon ion laser having a
wavelength of 488 nm. 10 mW of laser light irradiates the samples from the bottom of each
30 well. Irradiation occurred at a sampling interval of 60 microns 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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nor phol ogi cal status of an organismor cell fromwhich a genomc sanple is
obt ai ned. The 10 norphol ogi cal status preferably conprises information
regar di ngwo(ajs/ms3msage of devel opnent; (b) higher order pernezsDBI6 C)

bi ndi ng events; and/or (d) a disease state. The method can be conducted
within a biological cell. The invention conprises in addition to the
foregoing nmethods a kit for practicing those' nethods. The kit preferably
conpri ses: sarrpl EhecssDNA ptabes) whedingibited witoY O ¥t lian g cerirel, grodenad e relagvely sarrpl e;

the probe; the MPH Al feé’-éeh&”asl%ﬂﬂ&?éd tg thi;ggﬁtﬂé dﬂ)h@@%r%epfonHQIQEéu%ateJ with - " "

Sui t abl e sanp I'on neans 1 ncl t are no mted Syri nges
cups, vials, YOY(D-l In each costpd thyeame ampantof YOOk was neeapit ps i thy releipdrsactighs or bent

sheet s, nbnrl%{ﬁ?e' el oﬁ]&fr&céﬂ@é from ﬁgésﬂmjprobe control -was a resultQEBEBrmABA PS, etc.

Preferably e anple collection neans Is apted to col|ect tissue;-
buccal ;5 -; ofcomplexegsdbiliged 45l gigrpledpy ¥PFO-k Jhe %ﬁwerqubéc%al/%?duw@@ych o

! - higher level of ﬂuore%@nceﬂ:han did tﬁe I'S-mer prob@cdﬁﬁélt(@élﬂb gnbodi nent s,
am)l ecul ar éentl fication ta& is ad | e to@g ovide a kit and

met hod of mar ki n§ericth) watdgd B ﬁ"‘é‘é‘ﬁ‘ﬁ? @nwﬁwga{fhﬁﬁéégd%?w% QPP Dead hj st ory

and provi di ng_ger f%Bé@Fdll1\5€foﬂﬁkdhr{thé15r@deﬁoeoiﬂs@nmgw@ 13dampRAY; proditRd vy ecul e
capabl e of detection. Preferabl the tag i s _a nucgleic aci leic acid

anal ogue seq‘ﬂ@’f‘ﬁééluf”ﬁ%?ﬁmr?g’éss’%se of QAR ‘Bl’i‘a"rnflzlédmw fpeyfatipn, leolﬁe%g‘ét ectabl e
: abel (q ef eﬁfnﬁmoiﬂ ﬁ%i&hl donkdPp&N-6 nﬁgmmwamfaldsabﬂ)a 1Bhfkr 2planud gmpadsbwéw th ﬁt |
east one cross-1linking agent ect j on_nean ed in_ the netho
and kit wou|motrfrféfl%ﬂ%?aylp?ﬁéwwf%%@%#ggﬁlassgéeraé%%@dﬂtﬁwa’amf‘&a% "suppor t
surface) andeffRmReld tmrﬁoﬁlaﬁbq)eﬁéct@hh&hemm trfpleik (dabhplRM), fhkngombiizedifor ag i s
uni quel y associ ated w

53, 389,
Whi ahCdl seT eeaRpt A pebt SR P esrhitrna oad b TR ARkt -
enbodi ment s, dsDN@:IDNAES5 nfer @imy (49¢ Up A$DNA 5 mp@cromsb eamsd 8)‘Wars|98 2hendr oup 30
consi st

el ect roti’ng 8&%1’@ g%ragﬁp ‘baé'dlafl? QW“‘{J‘E%‘@“ rélsﬁecmebbg‘]a é?m e er}“e gt 1—1%5\5 of the

kit are- essersbmaluhgteu(mmatmhamnchmahzbch@r vmmﬂmndm smprbemtrdwmlbnk be.
illustrated i.n h ~but it
er? %f‘ﬁafheflxﬁﬁA 9_§% ISL@)?&c %S&% I's no9'?VM8eema é [i m ted

shoul d be ‘unders Fesent | nvent
t heret o. EXAI\ME&nEx@h@@@HZSI ﬁorrmddmsthENaame@f lﬁﬂel\/b‘é@ﬁ@flésaalwiqdl[)bl@wd@s@y

si gnal S, e m t n%gse%&'&ce’lh?erﬁ@srlon? Bfte% § m%?drnd §ﬁe?9§ fiin of incubation (Table‘1). Complexing .

20 . ~the dsDNA target with matchetl 25-mer ssDNA.-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 of 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 1 bp A-C mismatch (491 bp dsDNA + probe CF10-25) (sample 12) ora

25 1 bp T-C mismatch (491 bp dsDNA + probe CF09-25) (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 after 15 min of incubation, than those observed with the perfectly
matched 25-mer triplexes (sample 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

30 more specific than the 15-mer probes in detecting SNPs in duplex targets. It is remarkable,
unexpected and highly useful that a 1 bp mismatch in a 25 base triplex can be more destabilizing
than a 1 bp mismatch in a 15 base triplex. To further delineate this counter intuitive fact, we
compared perfectly matched triplexes formed with the duplex target and 15, 20, 25,27, 30 or 35

mer oligo probes under conditions described above. We empirically determined 25-mer probes
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strand ol i gonucl eoti de probes are used to assay duplex anplicon targets .
Genomi ¢ dsDNA was 5 extracted froma human bl ood sanple using a Q Aanp DNA
bl ood purwoizeatdssosskit (Q AGEN, M ssissauga, Canada) asPpenBmesus3act urer's
instructions. A 491 bp dsDNA fragnment (SEQ ID NG 1), corresponding to a
clinically significant region of exon 10 of the cystic fibrosis gene

[ Genomics 10, 214-228 (1991)], vvas,_PCR—anEI i.fied. A, O-frer. u l;égr rimer and
a 20-mer | oviebe thamepbypeific wddhechuditionsof HsieagtiognkoReT I RIES °£‘E‘r“g€ B&H te 8909,
Per Septive Biogs ore shEificthdn shélge triplek ifdrindg peobek. di ssol ved in ddEMO

Sequence for the 20-mer upper priper: §' - TAC CTG AAA CAG GA- 3'
(SEQ DNO. 2). Seqtieeesuf st amnasged aploy g&ﬁ@%ﬁﬂ 'F“e%’“’-g?j&’f‘“ﬁ*t’ﬁe &rac 1T
ACC CA-3' ( SELDNPeBih- thel Ese R AU ERE, pralbesmiseias widck élessi than the pgbegenomi ¢

dsDNA in a 100 m PCR reaction m.x usij ag, PCR er Mx Kit.(Q AGEN,
M ssi ssduga,couohepissjon (Wa’feé?"i‘%%ilﬁ6“‘%62&3@8-Fr)eqggfeﬁl#}e{\/‘?%%m%%&ﬁgﬁgﬂe(lcycI e of
15 . - 94. C v candiuilayeetfsasotiafcddChxpratks giemg riddGmemBGioseon irradigtony' 45
sec), 1 cycle df72C x .7 ; .. . mn... T ize' of .t P r: S

confi r med b)ﬁ“‘é’éFlf'@ﬁs‘écéat“f”bf)"fdit]i‘)er"@glf’fs%’.‘ W%an’r%: ]fzi}pg%afsl t%ﬁg%efs%;n.lﬁmﬁﬁgwganpl e
to.renove t rRCeupRRTbigétSwitHoutTe irghi eahghpoffsetting gan iy dnaricencONRmMEEYPer f pnM
The" /.. ! concentration ofthePCRy- |4 EINA & anM T H
resi dual pr i‘PFEngaté?Hi”H“’ @8%‘6? gré’o‘%%f:t h%%?)z {\%%gt aﬁggn éérol?ﬁ“ﬂ%d te)y r%ﬁv&g%gg%mr oscopy
and s 110pnolmishatthed tripek fembdit Assay ewdssiopy fepamishatche@@riplexes, Athich gdgsethas- mer  or

25-ner; ssDNA.probe sequences. . deri e bik BErJUdARR oy Sti C
fibrosis genegui%kﬁ’flseﬁoéﬁ/ﬁfgﬁgeglwgB‘Bb%cgjméa{%ﬂl}&glé@rﬁ‘ﬁ%&%@ﬁ%pedi te .8989,

Per Septi ve BicosyatesdsolugarNPiasge Iptisichsedbs mathpddisslésih veinry saysie@ e a
concentrati g f 1 | . r CFA -15 (SEQ I D NO 4) was a 15-ner
SSDNA probe Sgkggip@eﬁeggﬁgg g’é%sgﬁp%tg‘?%'y conpl ementary to a 15 nucl eotide
segnent of the sense strand of the wild-type PCR-anplified 25 491 bp dsDNA
t ar get quEQ' D. N%)ﬁ],‘)p,lﬁver | appi ng.amino aci.d pgsiti.ons 505 t.o 510 [ Genom cs
10, 214-228 (199 3“ . Thé sequence for probe CFO1-15 (SEQ ID NO 4) was:

5' - CAC CAA .AGA - TT#Hs Tyl comparestaaginpiox pesay| Senalnemigheydien qihes jamer 296 mit ant
sSDNA pr obes;hHant dhEdlavd RSl uentRd 38n Lo vl fvdRaecRiedreGhibkto diioex cept
for a one "badsSie)ﬁ% %atfﬁgﬁ (S‘ﬁ‘ﬁen i ned). The sequence ?%r probe CFlI O 15 (SEQ

.+ .. Duplex:probes were created out of complementary: sense-and antisense 15-mer or 23-mer:

20 v ..sequences, derived from exon 10 of the human cystic ﬁbrosis gene; which were synthesized ona -
DNA synthesizer, cartridge purified and then dissolved in ddH,O at a concentration of 1
pmole/pl. Equimolar amounts of complementary oligonucleotides were heated at 95°C for 10
min and allowed to anneal gradually in the presence of 10 mM Tris, pH 7.5, 1 mM EDTA and
100 mM NaCl, as the temperature cooled to 21°C over 1.5 hours. DsDNA oligos were diluted

25 in ddH,0 at a concentration of 1 pmole/pl.

Ds probe CF01-15 (SEQ ID NO:10) comprised a 15-mer dsDNA probe designed to be
homologous 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

30  TCA TCT TTG GTG-3.

Ds probe CF10-15 and ds probe CF09-15 comprised 15-mer mutant dsDNA probes
identical in sequence to wild-type ds probe CF01-15, except for a 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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TAT-3'. The sequence for probe CF09-1 5 (SEQ ID NO 6) was: 5'-CAC CAC AGA
TGATAT-3'. Probe CFA-25 (SEQ ID NO 7) was a 25-ner ssDNA probe designed to
be conpl ewvel2gocoa@Benentary to a 25 nucl eoti de segnent eCTubmosessse strand
of the wild-type PCR-anplified 491 bp dsDNA target (SEQ IDNC 1),

over |l apping am no acid positions 504 to 512 [Genom cs 5 10, 214-228
(1991)]. The sequence for_ probe CFA-25 (SEQ ID NO ?) was: 5'-TAG GAA ACA
CCA AAG ATG ATA Firersequense fpsithpyisase siang of ds grohp@F OFGYSBG IMNPE 2p8asnErATut ant

ssDNA probesteglaintn as G¢rgsequence to wild-type probe CFO -25, except for a
one base nutation (underlined 10 _The sequence for probe CFl O 25 (SEQ I D

NO 8) was: 5' - TABS®Re AEAL EQ\ N 3hes Trf W?SDN?Frféo@e‘iiﬁiéWééo por probe
CF09- 25 (SEQ&rBldé@s%am&cle&ldeIe%ﬁel%ﬂhm E}E@P@Qnﬁﬂﬁd@fb -IaIﬂNK'téf‘get Tripl ex
assays, Si gg@a EDEI % escent, intercalat rs _such as & have been 15
- -perforne § %‘l)r V%f PHYE AP 41 @ﬂ&@ﬁ?%‘b@é%ﬁ@%@%@ 2114??23 ANy
Mel |h esI Gri ot 50ni msg@rehce for,thd son¥e k@ﬁ@zfdgﬁ%ﬁ%%%(m nﬁq@fmj\NaEOﬁ Aae@ée:rw
Technol o . ,

. Coher en?ys ‘%%ét i@g ﬁﬁge%ﬁ&&sgﬁphl re -488- 2Q OEM a Genexus

Anal yzer '- - . DsprobdG10i26gnddshibt SFOGkI5Mere 2$5nemﬁhﬁﬁﬂ@DNA9fbbes identical
| aser, - Mbdel .- 35- | zer cont ai ni ng

a, 20 mW CoheP &fEersaie "Hasti”%? épﬁ°§%§$"%§m@&8ﬁm BLp s Hpémﬁ%’éng@ e Al 1 of
2Q . th¥se | aser ShameqenednfiiegensesrahdofdepriobaTF 105 (ERYIDAT0:14)8¢hs: W AL/ sec

radiation at,. 4 e reaction mxture (80 m) contained
the follown ﬁg%gjrpngﬁt@s%grp ﬁ@%@f. ed 491bp dsDNA target, 1.25 pnoles
of 15-ner or 25- fErsegsiifortreches stindofids fBke CHod-23 WREQIM NG: 15)ves: BNAAA

i ntercal atory, IQf%A' T&Jg/tgﬁjclgﬁ Tﬁmﬁﬁugene Oregon, USA). The reaction

25 mxtures referred tointhis a ot her exanples were 80 nl final
vol umes” and wer eWertewbpieddusht dischoed ineepelat tl?aient(NEl')6 656;&92—3&@ 08 hedtent se

T L PO T BT 0 BLCE M FIRAT, o
elgeet duplex targets, will:bind specuﬁcal]y and detectably to such' duplen targets: Duplex probes and’
« .-duplex - targets. ‘may -also” specifically and -detectably. bind if there ‘exists- WatsonsCrick = ™
- correspondence between proximal bases in the complex. Such “nested complementary® bmdmg R

y - -canless avidly occurthan homologous:quadruplex binding however. © * -

1204 v o 125 pmoles-of wild-type or mutant dsDNA. probe ‘were pre-incubated'in 0.5 x TBE *
buffer with 30'-nM YOYO-1 either at RT (24°C) or at 30°C (on a hot plate) for 1 hr prior to the
addition of 0.05 pmoles of PCR-amplified 491 bp dsDNA target (SEQ ID NO:1) and 70 nM
YOYO-1. The 80 pl reaction mixtures were then incubated either at RT or at 30°C for 5
minutes, placed into a quartz cuvette, irradiated with a Coherent solid state laser having a

25 wavelength of 488 nm and monitored immediately for fluorescent emission. The laser
irradiation period was 70 msec and delivered 80 W/cm® 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 nM YOYO-1 for 1 br at 30°C,
greatly reduced the emission intensity of each dssSDNA probe control. Wher pre-incubated probe

30 as described was added to the reaction mixtures, the highest emission intensities were produced
by dsDNA:dsDNA quadruplexes consisting of perfectly matched parallel 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 resulted in enhanced emissions from samples
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with clear bottom and irradiated with the Genexus Anal yzer 15 mWargon ion
| aser having a wavel ength of 488 nm 10 mWof laser light irradiates the
sanpl es fwormddns3izet t om of each 30 well. Irradiati on ocegrnBzhosbssassanpl i ng
interval of 60 mcrons at settings of 20 hertz, 32% PMI and 10 mA/V
sensitivity. Fluorescent em ssions were nonitored and agai n upon
irradiation after a further 10 m nutes of incubation. This Genexus Anal yzer
was used i n cettdiningoeehsa b mapr Bcmaphomelogens nuasanlskesdhan didthe sogie erieresThe  ssDNA

probes, when,dedbaked THE pdifedtfVhatdhe@Bonfol S8R duBdrupld SuERatks Waledidsivel y hi gh
| evel of fluorescence as conpared to that of the dsDNA tar et control

i ncubat ed wievideny@ien-35-mer|dgDRA PrebepYiere Bied ihige reagtiensipgihaed #3002 o as

present as ighe s&%hﬁ&;egndﬁpa&iﬁa@rbfrww@q préth @8 hrRVi@inated st\rm@srafe%ence from
the ssDNA probe control” was a result of th e formation 5 of co exes

stabilided aprardifslibsFrbandsgbyresrieybationg e probgpeior igaddiiondofe remﬂow%ltrc ed a

much hi gher af@M& by HoulaibPsfARGeREh hitfift athdl-defurh tempera@fe@la@h&qraﬁ rRo! (Table
1). Perfectly matcChed DNA tr| pl exes consisting,o e 491 gédthNA (SEQ I D
I

NO 1) and 15- mernppopisieloheyolaggus propeapd fapeet U %‘@n%?@er?ﬂng M-¥oro |

(sanple 4), :ﬂ&ﬂ&#dﬂ&ﬁ%mkmn &midstpﬁrbe@mmtﬂ 611196 TaNGismbickd cmﬂ&k 5 nmin
and 15 mn of incubation mssron fr m a one A-C

ni smat ched d&HRR LA iBrOPr% Fq9 éfeg;itegﬂ‘élfa PiFapsqaiated PQSBS;SC“&EP

(sanpl g06) | Wﬁ&s%@s tﬂ%/ewam% a%o«ﬂ% !f;mﬁveafrersperonﬁrygaﬁffg fmand irdubkBionit RTj e baz1 |) on,

respectively, than fro e perfe C ner . tri e

HenCror el Miostens e SR bt iehE el Ao bRtk kB o

Sm DSNZ ion f rgrmt%t:dhed?qda&uﬂk)@s KAo3 mmmm%%%) dberatp T-C m@dn&mhédfwl bp .
S + probe 9 sS after a

mn and g 14934 ?e’l"?fi(%%ﬁi’ 3@%%@&%8%3 pfoﬁ‘éceg?ur%'ﬁ?lf’haéssoc tre% g%otreiscemrrat ched-

- , . 15- rmlissibn inrtdneﬂes(tsaamratedaom)l,oo%vmmr aﬁerrSrminrofmdulfaumyarR'latham rttswsq n ssDNA

p{)(r)]tsjles ﬁ? 2; e SP tf romk{g ferBectl}am%ﬂ&d ngrdpl? { fs gt(i{t‘Il YE)‘JI%E gp@cnﬁcr%@e{%ﬁ (Nh%r Iplplog)e( €s

CFOL- 25, » f ordaNA tanget hias cprmelsre:d oith bormﬂogbusrﬂﬁm@li’{DNA frobephas whed @)ijplegedoduiced

&T;Bf i ! 'ég@fm%%%&s BThSSHsBRA pRebe s fe gt@ggc&fr&rgérb{ bredifhifrdcubat i on

ssDNApr-obes caremqre@cmﬁc @mgﬁhemﬂwlmﬂm%@r%hﬁ@samﬁ 25mer dippraproestas t hat
arising upo(rjbeg&%dbr ndi ng.of the dsDNA target to matched 15-mer: sSSDNA .
probes Accordi ngly, the use of 25-nmer probes resulted in a nmore sensrtlve
tripl ex20agsay :of Theheuaduplew estosipigd tfluptesoantdintnsitiss epfitterls framra nothpsA-C

I nconpl et el y,;coRLL IR AEHNY §RE BB ALt a 15-mer probe (491 bp dsDNA + ds
probe CF10-15) or formed with a 25-mer probe (491 bp dsDNA + ds probe CF10-25) were

41.5% and 85.2% 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

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

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

CF09-25) were both 100% lower after a 5 min incubation at 30°C, than those emitted from the
perfectly matched quadruplexes at 30°C.

Pre-incubation of the 25-mer dsDNA probe with 30 nM YOYO-1 for 1 hr at 30°C prior

30 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 nM YOYO-1 for 1 hr at RT or than that

achieved after pre-incubation of 2 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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conpl exes, containing a 1 bp A-C msmatch (49 1bp dsDNA + probe CFl 0-25)
(sanmple 12) or a 25 1 bp T-C msmatch (491 bp dsDNA + probe CF09-25)
(sampl e WP 2pocodsesed emi ssion intensities that were 98. @earaB20080é0ner
respectively after 5 min of incubation, and 98.5% or 100% | ower,
respectively after 15 mn of incubation, than those observed with the
perfectly matched 25-nmer triplexes (sanple 10), when nornmalized for
variations iqvadrgpias fornpddevith eititer hmedilRA poigs ¢ et R&me) dsDNAgebestdieaths uppor t
the surprisi cific
than the. 15- BerBEBELIE bl ledf D e RlorkT. 2RE PG ke Bt ecinlHe 2 GRT

remar kabl e, Zﬁmpéﬁﬁ@ﬂardhtil@nogigbtjﬁ m@eﬁwreQSh@tAcaord_mﬂn dﬁﬂ%maltmbbeﬁ gende 25 base
triplex can match in a 15 base
triplex. To Elﬁv%ﬁﬁlgtﬁgg%{e&%ﬁ&spagglgggle%ng rdtﬁ%tsl ve fact, we conpared

per f ect I3y matched triplexes formed with the duplex target and 15, 20, 25,
27, 30 or 35 ner gpli@0; probes under conditions described above. Ve
enpirically determned 25-mer probesto be the nost specific_under the
condi tions of th&his Exmnlegescribevigielex formasion of pusifipd pap geioedc SENAeEw? di ngl y
be nore specifdd vﬁtﬂ@:ﬂm@xhﬁ h8Y 29 kibrok ﬁ)&mmm&go&@ in ttle preSeBét PYOYD- t hat a
m smat ched triplex, formed d when a 25-ner probe is conpl exed with a duplex
target in thk presence of YOYO |, produces enission which is |ess than the

probe 5jcontrol masgeaan{c@mﬁrv@ssﬁfapdeﬁo&%mdsMaleﬁsT@bd@mﬂahpﬂms resul t
can occur because, while YOYO 1can facilitate self-association of the

probes gi vi nijoqdipuidficatipndgt (QLAGEN, Nissistangn Canade) pener menutaghens iasiuptions I8 at i on

and the Conp&oﬁeenmﬁbﬁlot\f@Yg@némlaamwag&teﬂhﬁa%yaw@peafmowroductI on of the
dupl ex target without | ar eenogg 5181§ttlng ain |nfluo escence from

YOYO-] intercal atA‘P’iSSﬁ“SFi? B AETR % PoPesy Wil sgeHsPeER derix? &Y into
new gr ooves mroEdt mdndayysaaﬁbraﬁs @FW%&%%@&;M oh ODNBAyntiSis@)cakitgs Si ONs
fromms tchegﬁc{ IB 5 \gﬁlg are | ess ttg ssmns fromthe relevant
probe ¢ rol‘?url aod dissolvst BACHOf arapssntEplian offme ar acteéristic’of a”
h_ormgeneous I, sBlobt Deit BN VeBBaY(SEQNDt MO Z) W@ﬁ@l.’ihﬁﬁwﬂﬁtﬁ@dsm%wobé 'n a
bi nary _::agéqu. sy.g,nalsecflu%gce oNﬁéb{ép%?%Qt in gelno\r?g SSDNA t‘argets Y’NrS<- I

. - PR Th| s ErabpDbeltcEi0pAIEE SQL(SEQLIDH-@S]@S&&)& Sngm%mammmmﬁrowen
el ther 15 (5651 ri\ed%oq%e cgr:‘ppél tary to a%%le%{ es% cfqul \fﬁﬁb sensé) s&r%ncl r}cexm gthWI E)h

YOYO | at'’ ous Fures *pr ot t he-
react i 02() m xltumamcysuc ﬁbrqms,geqe, except foraconsecutwe:th‘rae basg: deletxon at,armno apld po§1tlo,ns A W

' 507 and § gévh dre the wild-ty ’ant]l_sgnse sequenc %g)ﬁa c{e%%des were created out Ot
corrpl enent ary- sens ant'| sefise
The sequence for probe Delta F508 MUTISC (SEQ ID NO:16) was: 5-AAC ACC
AAT GAT ATT-3.
Probe Delta F508-WT20C (SEQ ID NO:17) was a 20-mer wild-type ssDNA probe

25 designed to be complementary to a 20 nucleotide segment of the sense strand of exon 10 of the

human cystic fibrosis gene, overlapping amino acid positions 506 to 512.

The sequence for probe Delta F508-WT20C (SEQ ID NO:17)‘ was: 5°-TAG GAA
ACA CCA AAG ATG AT-3’.

Probe Delta F508-MUT20C (SEQ ID NO:18) was a 20-mer mutant ssDNA probe

30 designed to be complementary to a 20 nucleotide segment of the sense 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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20. - -;. .sequences, .derived fromexon 10 of the human cystic fibrosis
gene; which were synthesized on & . : DNA synthesizer, cartridge purified
and t hen woss@lossmsi n dd O at a concentration of 1 pnol ecwiB2oasissned ar
anounts of conplenentary oligonucl eotides were heated at 950C for 10 mn
and allowed to anneal gradually in the presence of 10 M Tris, pH 7.5, 1mM
EDTA and 100mwWaCl , as the tenperature cooled to 2 10C over 1.5 hours .
DsDNA ol i gos wer 8roli Ps&t@BS%éV%Cd@E&dDaNOa) #eha efrienwildtypofssDNAprsbe/ ml . Ds

probe CFQA - 1jgentiSiria seldeNetd Bbbcpssed a 15-mer dsDNA probe designed to be
honol ogous to a 15 nuc| eoti de segrpr(gnt of the wild-type PCR-anplified 491 bp

dsDNA target (SEEPONeIE FS08EFIRSERIDINDAY Wasi a2 e myteh $sDIG% prode 510

[ Genomi €S J Qesigde 1228 0188 dntdry to IDS ntRti®EEn it eRghsS 8RRLrSkdnANdr @E ds
probe CEA - 15 f?fE}'SS'I DNO, 10) was; 5'-ATA 30 TCA TCT. TTG GIG- 3'. Ds probe

CFlO1 5 and rQSES(EEes BLoRPhIRpR oagsautivs thirs Pasg feletiep alpsmacid potioss

i denti cal (i mdwefumgﬁ?ekfﬂf]ﬁwilddyﬂGMeﬂ?sd&ﬁ&b@AﬁE@ delezod. exgep]E Ij or a gne bp
mut at 1 on unaer e . seqguenc r e se_stran Ool, 4SS prope
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sense strandAst AC praabeACFAPF I5C(BBQ | DNO: 12) was: 5' - ATA TCA TCT GIG

GIG 3'. Ds probe _CFOL-25 (SEQ E). NO., 13 s.a 25-nmer. dsDNA probe desi gned
to be honol ogousTP%rca&“?‘Sm'%ﬂ'&eI% q“é?éta'gﬁjdﬂf’ef\iﬁ?"wb’fg: PWé’g\Rﬁ"B’-&‘?%@g‘PéﬁQ%pl ified

491 bp mis DNAafg@a#ppioxinalcHEQCEING), 52 pmoNEste@RPl SA@erp?0-1& oALI-HerRIRA protts
S0 0512 [ CURIES oo Ay 7y ity AU ASTUSIES e LIG-E0RES o (2
A-3\ Ds prohizte@Ed dsthg 2 GeRekuslAnglyzateemfofsiiz a2 5 mWeargordbn l6f and@METREHIAGIONA probes
e o2l | v SSRGS hOLA b bHRE, Ssaipe, T 20, except Tor a one b
CFl O 25 ( SEQ ‘| DNThe siZI)A pevde cobtreldpxédubekihighCve s Glflubleseefd emiskibd in@éshrefendd” The
SR O P S A A B AL Bt RbSS
e.g., U.S. RaterdingNo0 nB|B36048925-anproheSontRdt eghibited higher levels of fluorescence .
~- . than did the.comparable20-mer or '15-mer probe controls (Table 2). Fluorescence &mission:”
.+ values from- the. reaction ‘mixtures .were: normalized to’identify triplex-associated sigual by
. subtracting the appropriate probe: control emission value from the relevant feaction mixture. v
;20 . emission, both of which were monitored qver-time: -+ - CR2 ML
Heteropolymeric perfectly matched DNA triplexes, consisting of genomic dsDNA and
25-mer Delta F508-WT25C probe (sample 5), formed and were detected after as litfle 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
25 genomic dsDNA target control and probe control. It is also remarkable that under certain
conditions, the emission levels 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 observation that the detected triplex
complexes formed in the first 5 minutes were stably detected throughout the 60 minute period
30 strongly suggests that equilibrium of the genomic target and the other reagents had been
substantially achieved after only five minutes of incubation at RT. The foregoing observations
constitute evidence agaiﬁst the “random collision” model of nucleic acid binding. Time
constraints’ imposed by manual handling steps have precluded us from monitoring triplex

formation with genomic targets during incubations shorter than 5 minutes.
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15 ; . Application Publication No. 2003/01 13.7 16 that dupl ex probes,
whi ch are honol ogous ;to ' : - r . T- dnplex-targets, wll-bind
speC| fi cavbyo@andsaset ect abl y to such "dupl ex targets: DupteaBposbssearid ;

o -duplex targets may :als.o specifically and detectably bind if

the-re ' exists- Wats hSQrick . . . correspondence between proximal bases in
the conplex. , - .can.less avidly pcc.urthan. honol ogous quadruplex bi ndi ng
however. ' ' . 'The dplep-agsociated fluorescent pmizsjory mismiaties Prodpeadchy @ BNAFDNA ant

dsDNA probe mpyﬁ %taﬁlﬁgamﬁm%ﬁ& (ga,oﬁlc%smi[ Bﬁrobwbémswmnr@ﬁ) (bhp(EHO |

either at RT on a hot plate rlor to the

1
addi ti on of were.- [HmPLa%, 8¢ 5%@’2&?&6% lPWéfoafﬁ’Qi tsp%ms %PGT%I D NO 1)

and 70 nM Y@Céﬁé clively ﬁ'l@n &Qseréimﬁe%?megafaawmaﬁs tripREEsahipRIT) (Tt Bdseei t her at
RT or at 300 m nut es, ed into a quartz, cﬁg]\alﬁki@golrra iated with

a Coher ént §?§Plﬁdle§1ﬂ>a43@opsél§@rthelfﬁ H*&taaszy N SR oni t or ed
i mredi at el y s§i@onf dt R@h&’@ﬁﬁm&ﬂe&aﬁs Sfiives oflmeadoa,aerng ummdauangmbmpma was 70
msec and .delivered 80 Wcm 2 radj at rré} \%IP hvvas col l ected by
Ccean Opti cEndyY ‘aﬂdsﬁf@éﬁfﬁr@ﬂ?lﬂfﬁe“ﬁwl’ ?&ﬁ“'@g?rfnf °§8tF‘Et YR e hat i on of
the dsDNA prsgfifesCORqaaiks il hﬁmﬁogenmly@m@m of eie pleshice at géﬁﬁﬁ'ﬁb oﬁganemeﬂ y
reduced the eni.ssion_ intensi téf’?lf each

pr ohe
pre- i ncubat SEAIB HPBeecR I AT piinRIDS g‘ﬁ’&f’é‘& 81 ?‘fg)%;&etarg? P{pmwd? ures, the
hi ghestigeni gsitenikdaidendioh bbssinal elapt actheriglch yornsd SINW el sdiidAmegurafir ajtheex es

(% probe crehrstanR RS HRRL RN G PR s SR R Rt g T 75
i ncubation adendnfie Absapct i on mixture at 300C resulted in enhanced em ssions

from sanpl escont |t2%pn rg?.lgget;gedﬂ 1 at%@#ﬁ%ﬁ@xe%ﬁénsn&ﬂ%%k%&%%d%ﬁ@[gfn’glpl exes,

than did the sa mat che
honol ogous maﬁrnﬂh@ﬁo&aﬁﬁ@ﬁl pmbefsdmps lﬁhﬂleommwa@dmﬁﬁdmecmﬁeﬁﬂ 25mimite ds DNA

probes were .use Leactd t ar )
SensitiVity’ “éf’ﬁof lon ﬁ? PE Jﬁ‘% %ﬁﬁﬁv&%@% @%ﬁ%)eﬁ%grgégﬁéy%fpggcéﬁ%m;ssay can
5 accor.di, ngltyplbcdomhanfoémmbgla p minvierinaybation Bith ¥OYihbanpeastriobe vignifi@etaddioti on
to the reacton, mxhuk; tﬂ@gv#ﬁl) o}:&{ccﬁ%ﬁlﬁgaﬁ W&ﬁ-m%r@ﬁ)ﬂ@ﬁ%ﬁés%mﬁ!eﬁt ure at

non- denat dr i nga?e eratures I nconpletely honol 0gous - probe
and target caﬂmmaaﬁ—mn@S@Eﬁew@m ng+-a- -1 bp -A-Cfi smat ched conpleéx’” (49 1bp

dsDNA + ds pr ObeT}g: il 1¥19x ;ss@atéarﬂlﬁre;cemntxnsﬁemé OGS Ghi %ﬂlﬁ?ﬁm&%gﬂ-bﬂ)p -0SDNA

+ ds probe CF0O9 esulted in quad rug ex associ at ed fl uorescent eni ssion

10 i nt e¥si tmggnqtqhe(genm;CéSEN& “‘3‘?8‘8@‘33"‘71? MGHEE) (SF‘élélﬁéBt"feVe@)p %, 4f%%r 5 min
of incubati af 9@t .nibs5.58%NBWer afier 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 ssSDNA probes was noticeably lower than
25 that observed for triplexes comprised of genomic dsDNA and 25-mer ssSDNA probes after a 5
minute incubation, incubation up to 45 minutes resulted in a progressive increase in
discrimination levels between matched and mismatched 20-mer triplexes (Table 2). This was
attributed to a steady increase of perfect match 20-mer triplex formation over time coincident
with a progressive decline of mismatched 20-mer triplex formation. This pattern continued and
30 was monitored during the period 0f45 and 60 minutes of incubation (data not shown). After 45
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
levels between matched and mismatched triplexes composed of genomic dsDNA and 25-mer

ssDNA probes (Table 2), though with lower triplex-associated fluorescent emission signals.
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those emtted fromthe perfectly matched parall el honol ogous quadrupl exes
at RT. One bp A-C m smat ched quadrupl exes (491 bp dsDNA + ds probe CFl O 25)
or one bpvO-2@an3sesat ched quadrupl exes (49 1 bp dsDNA + asTpBmbE0CHO- 25)
produced quadrupl ex associ ated fluorescent em ssion intensities that were
both 100% | ower after 5 mn of incubation at RT, than those 1-5 emtted
fromthe perfectly matched quadrupl exes at RT. Greater specificity was
observed-when " SignifigrntiRigwerlptséstof ersesemapmiseions figm Fo-mernstferymaish trilever  dsDNA

probes, than,yhgpseRed Wﬁé’rﬁ@enomxo dsDNA af¥ brBvBam! mman%@ (Rhp1d $HNRe;PT Obes to
dsDNA target. According | gnger dupl ex prbes can. nore specific than

shorter dupl iggu HF%{B’eSS‘VmFtSSr n @Iﬂ@eé@é%%fﬁ?@l\égof@rl @EP&? @xFlﬁPréqf@Lce gpigsions
preferred.” gobserved from 3 bp mismatched 15-mer tnplexes eoxr?f-)ﬂsed of genomnc“k@l\ﬁk%dr kL ex
associ at ed flﬂorescent |ﬂ¢s%gt§ \i,é gl ﬁ*’g roma one A-Cm smatched
dsDNA: dsDNA JeiadrifsYE¥ 1% )f”ﬁre ‘gfﬁra shastig attoﬂﬁfnﬂ’ﬁt%féfﬁﬂﬂ{ ¥tYs probe
CFl O 15) or hatHze ds-merthpléxe2Eahie 13)r Hb\eevef}&ﬂerbpmﬁkﬁ&awﬁndubﬁkﬁanmmekwes@:éo 25)
were 4 1.5% 8 e ive after mn i tion at
300G, than tHo %’8 'i%%’é‘gvl\er‘% Eity Bé B%IH"“;% aﬁsaflatﬁ%ﬁaﬁacawaﬁr a%g%““aé 300C.
The quadr upl effickath0hdt dicedbléx-asarcigd @ndrescet enisdidn fm B3 Btinisivatdhddrismea one bp
T-C m smat che 491bp
doDNA 1 ds. pBEEERIGH Tay S P A g ey Bp o S5 e Bl Gt

dspr obe10CFO9152 @pble) Ehib dibdrinfifkdion vasmrintdicd &llo@ing 60Mnfuicsicfitzaliatiaidai no8 00 C

t han t hose emtted fromthe perfectly matched quadrupl exes at 300C
Pre-incubati oﬁ 'Bf the 25-nmer dsDNA probe with 30 nM YOYO- I for 1hr at 300C

prior 30 to quad r‘Ilhpkhsxe egitpreledrly deradnstBOOh: asemsﬂlm@dﬁqugafﬁﬁhemommhti vity
and speci fi

i t f, i o] he 25-.er
dupl ex pr obemb\n]x’f% JI%@O%@ %ﬂ?s it H‘& %é. IJGE ﬁ%&p egt L%“?: mmc after
pre-incubat i dsBNdﬁars@tﬂﬁ“ﬁfmbly&é\mlqgﬁ@Y@-MmdﬁS-mr SSMY@% ”l“é:lesc{wﬁ@yfotjr 1
hour. Sjgni f for
port ectly ey EharpbhaR3h i ok Bbeciini{RENA waf SUARIBLERRREIISH O
W th 25-per. m@mmm:fb@ Agpprosithadely éheqpiesrvatiaseaxed ésmmn@uslnmw@m at*300C
i nst ead_ of \ r:al.l-el
honol ogous [?;r{o g{{ﬁl&g@ggﬁsgﬁﬂﬁ,&ccor ai ngﬁ&%&{&gﬁﬂigﬁﬁae@ﬁn mQﬁM@%
sensitive an@p@miefyu 362 conias te bﬁmreama@ sigilatly, bmrasqg}'edb@ solutipn Exemned 3

YOYOlconcentmtlons SRR e P T A

20+ .. . . Antisense 20-mer, 25-mer or 30-mer- ssDNA piobes, with sequences-derived from exon. ** '
4 of the human methylenetetrahydrofolate reductase (MTHFR) gene, were synthesized on a
DNA synthesizer, cartridge purified and dissolved in ddH,O at a concentration of 1 pmole/pl.
Probe C677T-WT20C (SEQ ID NO:20) was a 20-mer wild-type ssDNA probe designed
to be complementary to a 20 nucleotide segment of the sense strand of exon 4 of the human
25 MTHFR gene [Nature Genetics 7, 195-200 (1994)].
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 mutation (underlined).
30 The MTHER 677 polymorphism is a cytosine to thymine substitution in the sense strand of the
MTHER 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 CTC CC-3°.
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Thi s Exanpl e describes triplex formation of purified human genom c dsDNA
targets reacted wth 15-ner, 20-ner, 25-nmer or 30-ner ssSDNA probes at RT in
t he presewoeo@io3¥@O 1. 10 Human genom c dsDNA was ext paciBzbof/ns3aén a bl ood
sanpl e using a Q Aanp DNA bl ood purification kit (Q AGEN, M ssissauga,
Canada), as per manufacturer's instructions. The concentration of the
genom ¢ dsDNA was determ ned by UV spectroscopy. Antisense 15-ner, 20-ner
or 25-mer ssDNA Brabb€677TviV T2 CYSEQ EMNER 2 wasia Q& therf wilshiyess]ANA probd designgd human

cystic fibrogig u(gnﬂi&%g.mgﬂg% po %a{onay&%g&g gaﬁgsegge sa%f%wmﬁhezerm?

cartridge /1 I ssol ve H2O at a concentration o
prol e/m . ' MTHFRgene; . . . . Probe Delta F508-WI15C (SEQ ID NGO 4) was a

(1)51W§Er3 wi | d- type-ms shloPbOfol: C677T-V\<’/1“25C'(§1§5'ﬁ3ﬁé|22) Wad: %&%ﬁn"?gAtew&rObe GF-

Del t a=F508- MU 565G SHE FEONEAGH)3has ai 5-rher nut ent ssDNA probe desi gned

to be conpl enent @fdtsetzwqr-ﬂﬁmbegmﬂe BEYIRANS-nRE mhR@ sSTRNS frobd igkReh of exon
-10 of the 20 human cystic brosi swgene except for a cqnsecutjve three

base del et off Sguensp Fﬁwddwfecm#eé%ﬁﬂ% 2%%?X°§ﬂ*cf°re@86 bise rutatippaupdertipedy p

antisense sequenqﬁeﬁg‘ﬁnéﬁo%bemm—mw@enpwdM)wlaf ohadleirta f@QB MJUT15C
(SEQ I D NG 16) _wa AAC ACC AAT GAT AT Probe Delta F508- W20C ( SEQ

ID NO 17) V\;ééTaF%%CWI%A?y‘bé SsDNA probe' 25 designed to be
conpl enmgnt ary t0P@bQ@GﬂW&V’BﬂD(SEQEEEUEHIW@EB(D-&&\ﬁ%@s@m&ﬁdbafw@é@n 10 of

T oo e TSRS oL PBN e T S eRosbt a0 L0
GAA ACA CCA wAGrREEneAT-3'. Probe Delta F508-MJT20C (SEQ ID NO 18) was a
20, e UL o A BLORS, S0 A5 APSOE O5, ABLSITA chontn
fibrosis geneGAeABUIGH CTCaCCE CBE WCEAE. t hr ee base del etion at am no acid
ol et cdl> The. <dqUERe e PaPiF Shas Ry NoXBEu ok S5t el S RGN s
5' - ATA  GEA - AGeiiGilce AMINGATE phobe 867 Fi-B80Dekdept 61508 W52 biltali SEGhdeBinhil}: - 7) ‘was a
25-mer wi | d-type 55PN, B8RS cbe C677T-MUT30C (SEQ D NO:25) was: -GGG TGA TGA *~
TGA. AAT.,CGA: CTC.CCG.,CAG ACA3" v 5 s v e iy -: e
- The reaction mixtures (80 i) contained the following: I'ng or 2 ng of human genomic - - -
- 20, dsDNA target (approximately 151 copies or 302 copies, respectively),:3:2 pmoles of either-20-
mer, 25-mer or 30-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 minutes of incubation, as described in Example 1.
Very different fluorescence emission levels were observed for the wild-type and mutant
25 ssDNA probe controls, due to differences in levels of self-hybridization characteristic of each
probe sequence in the presence of YOYO-1 under these conditions (Table 3). 30-mer probes
exhibited higher levels of fluorescence than did the 25-mer or 20-mer probes. Fluorescence
emissions from reaction mixtures were normalized to identify triplex-associated signal by
subtracting the appropriate probe control emission value from the related reaction mixture
30 emission, both of which were monitored over time.
Heteropolymeric perfectly matched 30-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 significantly greater
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I dentical in sequence to probe CFA -25. Probe Delta F508- MUT25C ( SEQ TD NO.
19) was a 25-ner nutant ssDNA probe designed to be conplenentary to a 25
nucl eot i owoegmBsrissof the sense strand of exon 10 of thech1brosns3eystic
fibrosis gene, except for a consecutive three base deletion at am no acid
positions 507 and 508 where the wild-type antisense sequence AAG i s
del et ed. The sequence for probe Delta F508- MJT25C (SEQ I D NO 19) was:
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than did t henatﬂmmmnatﬂr es E@Ptﬂﬁmx Mpneﬁesrmmw(d@theot@ww oxk@fe&twmkoﬁed&)s
Fl uor escence_eni. ﬁFCtlon

normal i zed .™%¢ "‘P%‘”a‘ hOTES ‘Ylfrhlsb @g(%gca%@f ™ 58“@% 5 Forpgprabled EPE@?W% t he

appr opridat e rpmmbeﬂuocamcmr erhisgions datzomt vidwag  Bagdnoh hl&: leadl eﬂ &nilexrmexhtb@n nxt ere

"t 20
2D Tt artafbeeeOlelltls, WOKGR, MGy TR Bt HiSlel i cemiimeb bl of

genom ¢ ds DNrfeattsl maGhatte30- t@etrm@ﬁéso&dm%@cpomdx(xmmteé (coppart eurvped 1G@Nd wer e
detected aftgy "f}?ribi t3>I e as a 5 mn incubation in the presence of 600 nM
YOYO- | (Table 3 S truIy remar kabl e that perfect match triplex rel ated
en ssi ons can be EhCQHPI?X-@Saqﬂaltﬂyl fyorssrentrentidsion fiolea ¢dvntﬁ-Aenlismmh§é Boner of 25

genom ClSdS %lg)?ﬁlg?éac%%lﬁ © cQtH ised (9”9% % OcisD Jl ro@é é& Wﬁlﬁengl e that

under certain conditions SSi on t ched
DNA t ri pl-exe&ampieapiphes %}4%9265‘7989@&% prgd ?3y3°?§t1‘a?kﬂr@ftat 5,v1§r B@usd 5 mempﬂol nts up

to 55 m ) théLgﬂoﬂgrés&%w}e ﬁxhx@that%mme@fr i%@ﬁ%ﬁo 11%% Cthtgll%{nF hh%?)ﬁ'%eﬁ ey det ect ed

neasurenent Tab ata not shown servati on
triplex- cormqt@%éo-mé!f Wél&x i(§9mplse).fqaphsevalyated piter sempeeable igeuhpfiop (Gdiedt ed -

t hrougho Ut {8il80, WReAWhE cdABhicAIDONA was reacted with probe C677T-MUT30C to form'a t bp
20 .. . C-A mismatched 30-mer triplex; the triplex-associated fluorescent emission from this: '

mismatched friplex was 80.2%, 84.9%, 86% and 87.3% lower after 5, 15, 30 and 45 minute

incubations, respectively, than that emitted 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

25 using 30-mer ssDNA probes to detect SNP mismatches in human genomic dsDNA targets. Itis

remarkable that a 1 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-

30 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 after 5, 15, 30 and 45 minute incubations, respectively, than that emitted by the

reaction mixture containing the perfectly matched 25-mer triplex (sample 10). The fluorescent

emission from a reaction mixture containing a 1 bp C~-A mismatched 25-mer triplex comprised
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30 strongly suggests that equilibriumof the genom c target and the other
reagents had been substantially achieved after only five m nutes of
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si gni fi cant ky minute ,mcubatlon mcubatlonllests 45 aminwes; rdwitied B pieateesive | ingsfaset iy or escent

ersn Dili\ [ g? V‘@%&ln%?atlgmevéss%eg 'fn?@ﬁe?l a\’x‘@&ﬁm%t@ﬁ’edﬂf)mer triplexes (ﬁ‘é}}]é’iﬁr t han 25-ner

The. : t ri pl &ocabyorehus detndnbtrstsiissamar of JtmessPNAGEO e Cdearlmﬂfﬁ!ﬁ‘# tri i"pl ex

cont ai o o 20C
(sampl o 11) Sy B R e R plr B 30 and

45 m nute- i nentdicind e genemsdeidyel y, than ‘t hose énmittted by 't h'e ‘conpar abl e
perfectly matched .20- ner tr i.pl ex (sanple. 10)- (Tabl.e. 2). Al though -
20. - ..  Example4 .’ - IRy &
Example 4 demonstrates the effect of electrical pretreatment of test medium on
subsequent heteropolymeric triplex formation between ssDNA probes, YOYO-1 and human
genomic dsDNA targets. Previously we have disclosed the advantages of elecirical pretreatment
of medium before addition to a reaction mixture containing targets of less complexity than
25 human genomic dsDNA. See U.S. Patent Application Publication No. 2003/0170659.
Test medium comprising 0.7 X TBE in a 1.5 ml microcentrifuge tube was either
untreated or electrically pretreated prior to use. Test medium was electrically pretreated by
means of two platinum/iridium electrodes 2 mm apart immersed in the test medium. Forty 500
msec pulses of nine volts of DC current, separated by 10 second intervals, were applied to 56 pl
30 of test medium consisting of 0.7 X 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 (apptoximately 75 copies) and YOYO-1 were added to the
untreated and electrically pretreated test media to produce reaction mixtures with a final volume

of 80 pl. The final buffer concentration was 0.5 X TBE, and the final YOYO-1 concentration

31



the |l evel of discrimnation between perfectly matched 20-ner tripl exes and
3 bp msmatched triplexes conprised of genom c dsDNA and 20-nmer ssDNA

pr obes wasonods/cemBl y | ower than 25 that observed for trcphB2esosespri sed
of genom c dsDNA and 25-ner ssDNA probes after a 5 minute incubation,

i ncubation up to 45 mnutes resulted in a progressive increase in
discrimnation | evel s between matched and m smatched 20-mer tripl exes
(Table 2). THis§0Q i Tuarsspagtameierionswere spwiteryl with e E¥Hesciof 3Qeatiee 15 AT h . 20- ner

triplex fornahk@RiANEsribdubRiog01 NCi dent with a progressive decline of
m smat ched 20-mer _triplex formation. This pattern conti nued and 30 was

noni t ored dur i ng WhHeregsdipp BEuses camaipipgpegfoctiimaishaldN friplegesdesnempic (A4 not

shown) . Aft er fropdhBitt BHROlTISOY ehRdich R KlQﬁstChu%&Edem Rehdi9Nreb @8 nfixiiet ween
mat ched and m smatched tri Iexes conmposed of enomc gisDNA and 20-nmer ssDNA

probes \er e cgefaw&rr@ﬁflplftelymép BT Wplessivdia 2 éapéwgmfﬁ ®EOPIGEPYRe and
ni smat ched tgréte bemsos:pﬂmqscg@rcﬂﬁcegemﬁrh@omd@mrasa&t ShisdiRk thasttds4pypbes

(Table 2), tho we | ex asso ted flugrescent em ssion

si gnal s. Si gnf |‘gz§ﬁ$4(°y9§ %&é?‘i P@E/@ﬁ%w%fa ‘?rl5ug 23 g% %On’i“?g'i e} AEInpYLalAN 5- rer
perfect mat Crbspt:dhlvcﬂj/ €hén e secmtted 8y the perfabtlyaghaitiplexesia BlYAntead pedieatie! t a
F508- WI'15C (sanBI 15) we (ga i ncybated for 5 mnutes in the presence of 600
NMYOYO- | ( TaBMB ﬂ%m AP LRLIRELO/M ssi ons observed from 3 bp ni smat ched
15- mer fori pl exesAﬁlﬂimrohseﬂrtpf)Vgﬂmmthe idst Bldiua pet o 1o adikitidief test chibflBedd ST15C

le 16 hi at th f fectl
(oo 19) Rl ofslonth 52 R Farkl 5t ARt R 0 0ot oY
i ncubat i on icanttdiens poemesice ttaf ol3BPehMhMBY e, contrd Aratmirateld B5-nadtum. No

triplex-assogi.ated fluorescen had de ed.suffici
L Pl o o e et T BE TS lRE oS AF o8 Wbl EBNWeohDTeiblEy

tripl ex (sanfineeldk6icalpagre8dent bthe etaredinma Blettied pmﬁeMcmt pBhd tegt egiumas ched
15- mer r|pI T. ai ned
ol 1 owi g bty aER el s AP el SEELR AL ORI

cl ear | y ‘dermonsdedbderoindyneesic @hinshirintex dbriatiore irc thisofase: focthhettent opePyitei-c

triplex assajxcr%geD%AgOglggmﬁ\&Pthg{l 559%5 2@?’ thaﬁ f'beﬁéé@@trﬁhrt@ trﬁ‘)%% dﬁ'i\liﬂ%h ified,

human genom ets, prefe en usi ng YOYO 25-mer ssDNA
probes.: The @@?ﬁéﬁdtws&h@@iu@ﬂdaﬁ%@t ety oﬁ’@ma} pritted fomithkekp abmairhasfitigehon ¢

dsDNA t ar get §j,8oAGLiBRiciibRE +HRBS DA RELRAL SO Rsh HnifeRe Hcfeads INA
approxi mately 75 copies, was assag‘ed honogeneously in a reaction nixture

final A umehepplerionof g pplpes it @echw'@hfhaﬂ@%tﬂglewvmeﬁ dugesesni 2 ng to
100 pg, emission from the reaction mixtures containing 3 bp mismatched complexes in the pretreated
medium 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 fluorescent emission of
both matched and mismatched heteropolymeric 25-mer DNA triplexes were not only sustained
25 over time, but increased slightly throughout the 60 minute incubation period monitored.

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

30 interest present in a reaction mixture having a final volume of 80 pl even in the presence of

human genomic background.
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approximately 302 copies to 15 copies, have simlarly been assayed in
solution using ivaried YOYO 1l concentrations. ' ' ' | Antisense 20-ner,
25- mer orw8Qeewar3s3ms DNA probes, with sequences derived frommB2os0ssiedf t he
human et hyl enet et r ahydr of ol at e reduct ase (MIHFR) gene, were synthesi zed on
a DNA synt hesizer, cartridge purified and dissolved in ddHaO at a
concentration of 1 pnole/m. Probe C677T-W20C (SEQ I DNO 20) was a 20-ner

wi | d-type ssDNA Fxerimde flesi gned to be conplenentary to a 20 nucl eoti de

Cenatics 7, ”IS??W’(%% oM o PO MR SRS 5 o

20) was: 5'- GRITRAERCTEAC AoErEetsT purified From Peasher W?W%T@@E € f Skt | DNO, 2
1) was a 20- &msenﬂmoma&ea%z%@pgme&wegﬁl12 ? o wild-type probe
| ned he MIHFR 677

Ce77T- V\7I'ZOC excglpt for a one base nutation
pol ynor phi sm i s &uggy gsepmis dpIdNA pyasPriiacted e ﬁb‘ﬂlﬂﬁin@ﬂpoﬂﬁm@ni\@u%ms@ﬁsmp and of

the MIHFR gepRA blss Hﬁﬁﬂcﬁlﬂm'kﬂ (@m@mmlmsséug v:aﬁaa S &Hmhhlmah%sl Qaﬁrhe MIHFR
enzynme. The sequence 5

TCA AT (i OFEIOBA s & HPRANFESEsl SEVAD NGRS Msmamsimee
wi | d-type ssipiiicinebmedartangsh c;f%%@ndﬁﬁmﬂﬁh{mﬁ&dﬁﬁgﬁf PHELEGY de

segnent of the s%se strand of exon of the human ene. The sequence
for probe CB77T- (\iBstse ey $SBNKArebsy: Wil sequencesriepived digmeesen E0 o{Afe hemay CTC CCG

CAG A-3l0. Prfaber \%ﬁg Irsbdudndeddefi i@ ohTntNR 128 )¢ it Biman %Wros@{%‘ﬁ?{) geRDNA prbo be
. €Xxce or a one Dase

mut at i on (untar FEHe SPrbDb A ERGU GAeo BEn it SRR (4HD FD? O 23)
was: 5" - TGA cbinit£on SN Tprdlehul CTC CCG CAG A-3". 10 Pr obe C677T-W30C (SEQ ID
30 nutl oot 3e32éﬁ&ﬁMﬁ%@@i@ﬁg%ﬁa%?5%%3%%@5%P%%wéo%ﬁ”"e%éﬁfdm&é e
gene. The setquemplanénmﬁytpa mclewdz{eg%a@ﬁhé ﬁEQsdrdadmxamo OfRS hun%nfa@@ﬁ TGA TGA
150 Vgener ;oo fo BERSOIN. B A CATIC SRR FOV SN AR
ot o oo wThe sequence for probe FVL-WT25C (SEQ ID NO:26)was: 5°-CCE TCT GTA TTE- *
T O L 8 GCC TOT CCAG=32 « 6 e e m oy o e e oy B d e e e
: . 1 Probe FVL-MUT25C (SEQ ID NO:27)was a 25-mér mutant ssDNA probe identical it~ -
.. 0. usequence: {0 wild-type -probe FVL-WT25C, except fof a one base ‘mutation” (underlined) " -
t20... - corresponding to.the Factor:V Leiden (FVL) mutation, G1691A [Nature 369,°64-67 (1994)]
" This mutation results in the substitution of glutamine for arginine at position 506 in thé amino
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°.
25 Probe 2789+5G->A-WT25C (SEQ ID NO:28) was a 25-mer wild-type ssSDNA 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 TIT C-3°.
30 Probe 2789+5G->A-MUT25C (SEQ ID NO:29) was a 25-met mutant ssDNA probe
identical in sequence to wild-type probe 2789+5G->A-WT25C, except for a one base mutation
(underlined) corresponding to the 2789+5G->A mutation in intron 14b of the human CFTR

gene.
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TGA AAT CGG CTC CCG CAG ACA-3'. 15 . . . . ; ; - Probe G S7.7T- MUT30Q SEQ
I D NO 25) was a 30-ner nutant ssDNA probe |dent|cal ., -, In sequence to
wi | d-t ypewpnrodm3&zs 7/ T- WI30G except for a one base nut at ipom/igroosiesshiéned) . -
... The sequence for probe C677T- MJT3 CC (SEQ I D NO 25) was: 5'-GCG
TGATGA-.... . TGA. AAT CGA; CTCCCGXAG ACA-3', . .- AN )
The reaction m xtures (80 nm) contained the foIIovm ng Vng or 2 ng of hurran
genomi ¢ 20 dsDNAThesegusnce(ferpmbe XTSI @PH-MEBI256(BEQ I YP:29pwas: 5-AAT AGG
copi es3t espegth VRIY IaaBAZTRIAE STT8f c 81 t her - 20- ner, 25-nmer or 30-mer ssDNA
probe, 0.5 x TBE_and 500 nM YOYO-|1 . Fluorescent em ssions of the reaction
m xtures were noAPErEEn RxEHe (80 &) cantdnad sheApldwinas rampantsrdigra 7§ ptoidas of aser at
a setting OfhﬁQ@MmﬁdesﬁlﬁA%rgelé?prgbgmaté?19%16@%6611 Me@fB@EmbﬁgﬁtﬂgHef) n, as

descri bed in Exa ferent "fl udrescence em sSion S were

observed f orssPHé R}'\S?bledo §9‘@%‘H’6 50 0¥hY 0¥ 9-1s sliingresserts swisgion frps | tee reemen to
di fferences hfdtkdVWRleSm@ito@ With RPMT itdglor % 6@ r5aes api Htdng 60 mifims e Pr obe
sequence in the presence of YOYO | under these conditions (Table § 30- ner
probes exhi HRfE#Ri gher | evels of fluorescence than did the 25-mer or

20-mer probes. Fbmz:feas A€INEsCenCdTEBisdidANEvels R bRBGEd PR HY vAldUhSSanWeikiant
normal i zed to_j den tri iwx assocj at ed, si gnal by subtracting the

appropriate 55]?]36@ 6??3‘??)‘? ISSCPRSH episfiony alup RRetiprpnixtuEg were avmplEed ni xt ur e

30 em s@i on,to mﬁttryﬁblemlasss&iatmrgﬂallﬂpﬂib&&h@@kh@ap@fopiIAt@iﬁebeF@{t@réaﬁQioﬂV@Je' c
perfectly mer triplexes, consisting of genom c dsDNA

mer apnd 25-
and eltherngi"g’d’gw@gg?’?mmmf“ﬁ Vet She CG??T WI25C (sanmples 5 and 10 in
Tabl e 3, respect Heteloyglymdrio hertdtlyhkitéhBd) Bmér tiléxed, Consibiiigdedith@n ng,N nf, 560 Pr esence

Sl gnal 1 ovel e eEaTER s GRA RN 1y BPen R aR VERKT LB 5 Lor oscence

si gnal s- of taad tcih Tetder) raspectieRDVAormedduriag a Pininate ﬁrﬁhl&h@xdm]ﬂfe(p&ebnedmsmlvs after

ly 5 t f I
Forred Bnd wer S0 TROPRS: BT a i PR Pae S R PR That
t he det.ecti momsmgi'@iosesmealgsalabﬂwgett bcrmmg*ﬁsDNAtchﬁroemhwmgy@rmnmxel peri od

Tabl e, 3 5. b t ant hi d. aft
(()nf‘y fel v)e f#:t%c%r?%& 5 %ﬂf&{ﬁsc gtgi’f ulk)%cﬁ) wfﬂggﬁg n]px%%ecndsﬁﬂsta%nrelse%t m%hear%ac 1gn\é§DN2 er
target , i . e;mituregthérp seeadroglessiverigprdase - inlperfesdly onicbed 2i—zp¢retmplezsﬁquscence S

I .
surpri S' ng yen%sgn gsgltannzf’gbienP Ehtrgléﬁ)cg Pﬁ’lg%é h{%% i ga%%ln %dt W}hllg d%g:beasr;r%%’

tri p| ex- aSSOCI ate romt
25- mer A0r i pioencentintipiseot eonofrie ABNA eratrels’ mm@u®ﬁ1@wgl)ess“@b'rdlmum5h«;d fiEresteeid 25-

" emissions, decreasing genomic dsDNA concentrations in the reaction mixture did not resultin a

proportionate 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 1 bp G-
25 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 and
60 minute incubations than those emitted by the reaction mixtures containing perfectly matched
25-mer triplexes and comparable amounts of genomic dsSDNA and probe FVL-WT25C (samples
5,8, 11 and 14, respectively, in Table 4). As discussed in Example 1, YOYO-1 facilitated self-
30 association of the probes appears to be greatly diminished upon introduction of the genomic
duplex target resulting in a decline in YOYO-1 emission, without a sufficiently large offsetting
gain in fluorescence from intercalation into the duplex target and any mismatched triplex

formation. ' This may result in the fluorescent emissions from reaction mixtures containing
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mer triplexes formed with simlar efficacy, as evidenced by the conparable
| evel s of reaction 10 m xture fluorescent em ssions (data not shown). Based
on the | ewel2o@io3sesspl ex- associ ated fl uorescent em ssi onpcpaBimsibisgearat ched
25-nmer triplexes forned nore efficiently than did perfectly matched 30-ner
triplexes, under the reaction conditions tested (conpare sanples 10 and 5
in Table 3) The triplex-associated fluorescent emssion froma 1 bp CGA

m smat ched 3®ispeiehed ggnomic DNA; triplgkesheing less tharmthe ewissionsxitam eonyemple ipsde of
nghgenom e dgpNA and probe C677T-MJT-3CC) .., / . . (sanple 6) was 90.4%
192 -6% 92.4% and 93.3% | ower after 5, 15, 30 and '45 mnute , . .

i ncubati ons, respé&EopUBngHc pereeHy mptghad 28 trinfixes ngRIctiprempxgestcpBrining Xt ur e

contai ni ng t Ker 4R@I % HCH h%’ 500 pg, mtp he6lp 75Fé getn&hﬂld%NA%ﬁHé@fr bloo ?Ch

eval uated after conparable incub a |on Simlarly,

ng. genom ¢ cREDRA RRELCs of Biaks CHITRE 15+ W?thﬁ%eﬁcﬁ %ﬁl&ﬁr&) t!lt)p 20 ,

C- A mi smat ¢hgghecd) mished zs-ﬂkxempleielaeo&ﬁdsw EERATEO YN L thd ;Lrbh&rmcwﬁs@m ssion
fromthis' srratch trlgfex was 80.2% 84.9%- 86% and -87.3% | ower after

5, 15, 30 andhods ingl3plga aft @JH%‘P?tB%“baP‘é’s‘bgﬁtpfeé%‘Fi/Of@ﬁaM YPXP-1ddAtanced from
t he react i onshoiwgt ThECETRpefett ntgehtZI Sndp &1 ieﬁ%éowate@érﬁiEs%s %remﬁ%lghlmaﬁah , each
eval uated after nBara Ie i_ncubation %a not shown These results
clearly denog’igaferrg‘f”é prambined fluoresgenge eipissfon of @regh genomicgl opyol pplrelptRGENEUS
TRI PLEXI25 usbbagomiebl I’éﬁnﬁssﬁﬁ.DM vizis abes uiider thetaeay ccSNRwﬂ% &Hﬁbfeheﬂie krfpidUman
genoni ¢ dsDNA targets éemar kabl e that a ?1 h in a 30-ner

| NGENEUS TRI BIoged £s5igns 80‘8 § LBPHOP APRGTS ovess F‘GW Shroye At gthe P& ringe of

di scri m nat i issublaieh werexd (et doegbty). mat ched 30-nmer tripl exes and m smat ched
30-ner triplexes.

.t.he pre YQYO- 1. and a. human genonic sarrpl e.
Wien 2 ng genom Ehe sfﬂﬁﬁas\g%éa%eﬁglﬁ%rfséﬁfn\/\'}"t“ﬁonpffogbaé W‘Mﬁ%‘ﬁ*’(‘f“?&? P8 a 1bp
C- 30 A mi sn@icedhd@3smer triplek pdngxisddodibapheen 4 ig andldDpegeBImic HAMNA and probe
trlplex Ss f S|onfr h tion.m Xxtur,
cont ai nlsﬁg ?%%%d%sArra Clglg%%? 1@,&11 x \9\‘%%&%% 5’%%3%9@5 aﬂ%@’é‘“@&“&%"%@’"‘h% | ower
after 5, 1b th@@@{@l_tteﬁ W%mammmlxm&maumloglwfeﬁbsqatebamzr’/eieymplbieacbntphahg emtted
by the I’eaCtd()%ﬁ%._ f\%(gnli{)rugts(d\ 1@& tlglt}g Pcﬁgfge%egngéxg?naﬁlze%%o thi: relevant Brr?%l pl £X

(sanpl e "10)’ uorescent em ssion fromaea r on m X aining a
1bp C A ni.sreantecheadueBataeat showingl ex conpri sedof: .1 ng: genani c. dsDNA and - probe

G677T- NUT25C WasTl%]abévé?res%ﬁs Jeé&li,' yé}noz}llf H% émi%}{?i% %ggrggfdﬁdesl}nsﬁi %t%§ 7 the 30 and 45

mnute | ncubatl ons, r esL%ectl ve at em a reaction m xt'ure

cont ai Mg tINGENEE IR %?@h’é@’%@HWP Assay sl dirxetlydeieet varbs misoiidhes ilThese

results varjous 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
25 sensitivity of detection, or to work with final volumes less 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 assayed include Factor V Leiden
G1691A, MTHER C677T, CFTR delta F508, CFTR delta 1507, CFTR 2789+5G->A, CFTR

30 3849+10kbC->T, CFTR 3659delC, CFTR G551D, CFTR 621+1G->T, CFTR R1162X, CFTR
1717-1G->A, CFTR A455E, CFTR G542X, CFTR N1303K, CFTR R560T and CFTR
WI1282X. Seventy-five percent of the target sequences in the duplex targets assayed in the

above-mentioned Genomic Assays contained one or more regions of 4 or 5 alternating purine
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collectively denonstrate the high | evel of specificity of the

het eropol yneric triplex assay when practised with either 30-ner or 25-ner
SSDNA pr ovex0@n3d3060YO- 1t o detect SNP mi smat ches i n hunmeoTgBrOsI316ks DNA
targets. The efficiency of formation of heteropolyneric perfectly matched
20-ner triplexes in reaction mxtures containing either 2 ng or 1ng of
genomnmi ¢ dsDNA and probe C677T-W20C (sanple 15 in Table 3 d not
shown, res petts‘ltpmidgly bagess Whirlywden il ropditiqng may opfreiop Rl & N g@‘é‘; %

conpar abl e ﬁéen‘ﬁﬁrresﬁﬁed%gnmga REBEES in cﬁ«lﬁll?@&{ﬁbeﬁdﬁﬁc hewgl of discrinination
bet ween perfectly matc 8

mer triplexes 5 smat ched
tripl exes (sarrpII'éallﬂbﬁ)?e@@fPﬁSF%@‘@én%Wmﬁ‘é ‘At:%‘é Eﬂr&"g‘ﬁ%} %?Wngcrgg ‘pr obes
\é\'aENROt ' g eggie){odugwleé%ma?s %@tawat;ﬁﬁfbmai f(fr]?![ie Cmgmsemmamd;sm’g genomi ¢
S an mer or ro es a m n
i ncubat§ on egromis dsBNA; B! E%%"‘F‘ 1&1 2 BYPIPT, V‘Q‘°§#‘8§P‘é°§’s tc{f% aqr?%f'goglg Ve
di scri m nat T&l@wing\{&hﬁmb@w\ﬂﬁc forse had aﬁwsmsmbﬂhﬁds EHaemiﬁénded by phleexes
(Table 3). (])(ve results em)nst or

ner . ssDNA pﬂ@ﬁ@@“’é‘?‘éf@?gﬁ‘ﬁ‘f‘? fialioy %’é‘te”“o“%argeg YaéFmp F“@Th pr obes of 15

or 20. bases forrabia8 conpafes e 438 rysiid dbeaired fr@h E\)@naﬁ@sla)ym@cstvapdlM from, bos
cont ai ni ng human genoni ¢

Exanpl e-4 ' sgliva to those ofbumaan[\éﬁomg dsDNA purlﬁed fr.om b.lood El;lélf%{)f ng % 25 g r%f) 1r11us aPa t es t he
ef fect 19f e lg@féinw deENA wamsawmhgmmpmms of frsito 27965 GrASN TR seples fitnd 8

het er opol yner | ex f ti on. bet hunan
genom(F:) ngN}ATaglé gg‘é Sloﬁé‘iﬂngﬁ%e?vom xﬁﬁ??éndzcat%%tgnég&? implgg\%grfj age@ of

el ectri cal ﬁ@@iﬂﬁﬁéﬂ!?éﬁcy (stamlfIEdISLNﬂdlSeﬁdiaﬁe Aduii tdatamot ehosvn) afer fai Somintriex t urg
containing targets,q €SS C SLNA, e U

Pat ent Appl R l%mﬂﬁﬂr‘?sg’éf |§§r§8@é%%gl 3%%5@%%5 E}lslff'c“lt(ar'grrrle5‘9 um cosrt‘?p%l sing 0.7
X TBE in- S Ihrbughdut the &5 mﬁmtetplemcfdjgaﬂteubaemmtmct her ‘untreated or electrically
retreated prior se, e

P 6}51 4P Ol QiR BcolifRd ﬂ&geeeegggm%%ns% &%Jcﬁ&%&%g%oﬁfaﬁm@ﬁ@gp Ry reans

of two O er S the test nmedi um
Forty 500. nEemispuitied $5-ofer tipkee cooprissd of 4- memmlp drPNA sehripba FETBFE-1 <econd

nterval s; WRTBSBRAKLEA 483wk bl 8ty IR UM SURBIOL M 915 % roX TBE

Irmedlately e of DC current, 3.2 pnoles of
het er opol y e imgm@Sinenbations Digpectivdh dhap SRy mﬁ?@ywh@rea@mlﬁuwmmng 500 pg

of human, gﬁg@;@acﬁy N4 ALASHILARRRAXS MBLEL . TRiISBRIES) n@RFbmENONI wer e
20- + . -was-reacted with the.same probe to form a1 bp T-G mismatched 25-mer triplex (sample:9, - -
Table 5), the triplex-associated fluorescent emissions were 100%, 97.7%, 100% and 100%
Jower 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 above results demonstrate that the Genomic Assay of human genomic DNA purified
25 from saliva can be as efficient and specific as one in which the human genomic DNA is purified
from blood. Extensive purification of genomic DNA, as occurs when using Qiagen kits, may
therefore not be a requirement for the triplex assay of samples containing human genomic
dsDNA. The acquisition of human genomic DNA for assay from saliva offers clear advantages
in handling, storing and shipping over acquisition from blood. In side by side comparisons, 1 ml
30 of peripheral blood purified by Qiagen kit yielded 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 sample, semi-purified with an Oragene kit, produced enough human

genomic DNA for over 7,000 triplex assays to be performed.
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untreated and electrically pretreated test nedia to produce reaction

m xtures with a final volunme of 80 m. The final buffer concentration was
0.5 X TBByoane/a3bmsfi nal YOYO | concentrati onwas dOOnM PEIruBzies/cesms2

em ssions were nonitored with the PMI set at 30%after 5, 15,30,45 and 60
m nutes of incubation. While reaction m xtures containing perfectly matched
DNA triplexes (genom c dsDNA + probe Delta F508-W25C) emtted the highest
fl uorescent i nt efidsabserved Gatlliodihe fetadn thegeE xBmiderit conyisteny witnibe paprlutien that

conpl enent ar i i e Ll s I Delta
F508- MUT25C) ‘Y?)?gd Bllcl:og%glf%sr %&%@a‘?&%@f‘%ﬁ@e {}8‘?%@? qe}glgtr&légslﬁ SsSi giysdat“ﬁlgf wer e
54. 7% 79. 9%emplexeroyithaigplggugleis 20id: 5% | ower after 5, 15, 30, 45 and 60

m nut es of incubation, respectively, than those emtted by the perfectly
mat ched triplexes in the untreated nedium after conparabl e incubation (data
not shown). 10 ABM¥ti on of forty 9V pulses to the test mediumprior to
addi tion of test rgQERANRYeSrib@3YNPafay T HARRIBRkIIPIBINN t@getrréle@wRIESL ease in

fluorescent em ssion | évels of ssDNA probe control, as conpared to that
observed wi tBeSHINA Bivkesibwbiriihe PaxipgAnfenating o shistentiatfRonkeredPYer WPence
however in thgefdddRuescence em ssion fromthe genom c dsDNA control
followed fromelectrical f%g?t eatment of the test nedi F]m El ectrical

pretreat ment of fH@aygapmi avexfracted from adhyway blpod Fample Apdiquantifaisd ag nhanced
the signal edsdrberth Eamplesa@intiRiseZbxicksDNAGREbeS ivith RQERAEIsderivey from intron - :

. mat ched het er gpol yner | Srmer triplex for ion," in this ca ‘to the
extent of - at s gaggman CI T ghap arerefyudiesid gt A atiiesger OB BEEITER vi ¢ b t he
. same- per f eGésblyed ifBdIC0EAa Ednbdlrationfodt pREle/ni.n . \ , , untreated, test nedium
(data not shown). Signal it fr @g m matcgdtr' | ex formation
(genoni ¢ dsDNA +P ‘f)%éwﬂgﬁr?f%-%g@éﬁ %ﬁ@%ﬁéﬂ%ﬁ %WP?%gﬁﬁlpﬁf’b? ncr eased
by 20 the apgkiggatd RRomflethetaiyto 935 Pidlestils sdemeiith€thé sde stmdiofimrorsl9ohtht hat t he
tripl eX{ associ at ﬁj ]%Iﬁuo[r escent emi ssion fromthe reaction mxtures
cont ai nthg ‘BB T SRrBT&hed "conpl éxés™ i n the pietreated nmedi um was only
17. 4% | ower.. af t eThesequendeiaripobe BRAGBEKbORT-WTEAQ (SHQRID 005 a)wae:ds G TET - +
perfectly matghe nplexes., (data pot shown). The. extraordinary high |evels
of fl udreé'mgg%iggghfﬁ&bo ﬁkgaf'ghed and’ m smat ched het er opol yreri'c
25- mer DNA tr.i pl eRebe 3949-6 0hgl->DMUYT25 G 43R0 INdD:25 wavels-hermmpitanbasPNApobeased
slightly thrquahout the 60 m n i ne. ' Rery i.1.0 o TRIS
dranmt | & T nordasd i afiel P PP plel SBH RGO BEN PACTRRIDORES on B2
dr amat i 2 abi hitetiont(undérhad prgespriingseths § 34P-vi0kyC-oT muthtgontin infpdndR ofibgmipatisi-ng
25- nmer ssDNACIpm)&gé and YOYO |

The sequence for probe 3849+10kbC>T-MUT25C (SEQ ID NO:31) was: 5°- GTG

TCT TAC TCA CCA TTT TAA TAC T-3.

The reaction mixtures (80 pl) contained the following: 2 ng of human genomic dsDNA
25 target (approximately 302 copies), 3.2 pmoles of 25-mer ssDNA probe, 0.5 x TBE, 500 nM
YOYO-1 and either 40 mM or 45 mM of'the kosmotropic cation tetramethylammonium chloride
(TMA-CI). In each experiment the reaction mixtures were formed in duplicate, one had YOYO-
1 added last to the reaction mixture. In the other reaction mixture, all components of the
reaction mixture had been mixed before genomic DNA was added. In all cases reaction
30 mixtures were incubated for 5 min and irradiated. Fluorescent emissions of the reaction
mixtures were monitored with the Genexus Analyzer 15 mW argon ion laser at a setting 0of32%

PMT after 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 ssDNA probe controls for each SNP assayed were similar after 5 min of
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by practising electrical pretreatnment of test mediumprior to addition of
anal yte and reagents. Such increased sensitivity will allow for detection
of far fewenoidmsssgs copi es of a sequence of 30 interesPCPIBRBHS3IMER a
reaction m xture having a final volunme of 80 m even in the presence of
human genom ¢ backgr.ound. Exanple 5 This Exanpl e denonstrates the ability of
the I NGENEUS TRI PLEX to form specifically on human genom c dsDNA targets,
purified fr dmubdtionTables 6,21 and data osteshoven) e igmaindd steaal}gazbr acfurtlm 2} mimiimens
reacted wth ur?e ranl StﬁeDchAle ?sgcxaﬁeci & 1tssr3csen P eese ﬁecpio lo m 1% to 65 ity

genomi ¢ dsDNR és “ext T act usi'n a

bl ood puri f umbétionOfmeactl(anmslareMlcsm lsﬁ‘alnlgpaﬁ and:@mada) or from human sal iva
using an O agenerfi, ol aaldaQRidibls AL REAGkA Yy ChiAlBs(PRRRALAS Per
manuf acturer's |nstr I ons e concent Pat e genom C

det er m ded byectivt migkirss eaysisting pf cepemic Didged Qrsberﬁéf 89+§§Br%wﬂﬂéﬁb@anplw5tahﬂ
sequences day itk i AREXR: 13 nfh inb EIBHRDprLOnd e%@asqﬁM‘ng@aﬁm@goo%?«ﬂuences

derived fromintron human cystic. rosi s TR) gene, were
synt hesi zed WY @-1Drese sypiar vbeher ¥OY Q- herg Né@edipmrradﬂfrdé@ttaﬁ»emaﬁ@smx\vw in dd O

at a Conce”ttﬁlﬁ&l Béin QI%%%AX ragsg,l %td%ls tﬁ’é @.%ecﬁ 'ma%@@@qﬁé%@%oh@ce&@%@mé"’as

a25-nmer wld-type ss pr obe eS|$ e conpl enent ar
nucl eoti de g%@??émllywre@wéwém@ltg&e amaéqm@%@wmoctﬁfahlﬁ@ Fﬂafﬂawdflhctor 15.

., V ggne; -, Tbetrlplex-a?,socrated emissions ﬁorﬁ duplleatemlsmatchedZS-mertn lexes i in reactlon -
<---y The- sequence f probe FVL- V\7I'25C(p DNQO 26) was

5 - CCG TCT @pAturprr@nsmmg of gengnp@ 1@1@@&@,{) 2R8R5GeAMUT25C (samples 6 and 10,
Co- 1T - L 'Table$), moﬁitored‘aﬁer al5: mm incubation-in the Bfe&lﬂéé of E-’Mni\MﬂiKﬁ@aﬁcﬁﬁ@nw NO. 27)

-was a 25-nmer_nutant s o) i dent i cal uence: ,to
gty ae M e b bt YOy DR b lded R AR )
i 20i . . cor raa@mmdbmﬁsmm t'hih@/elEaS%61*’54?/Vovlc£thd@ﬂaacﬁ5ivfhl)(tu¥ebbﬂn&tmr@iberfealﬁ91A

Nat ur e 369, ' - mut at e inth e stltutlon of
Lo o120 ket Ot Wbl s it o) st e Taple ) L g Bt st £ e
coagul at i.on fioBCthe mivhaphalieplaxes forhb@insheteanics nfitaire By whieh YUNM@H&;( SEQ | D

G TR

Table:6 and Fig. 1). ‘Since the corresponding perfectly matched triplex-associated emiissions =

.-, increased significantly over the monitoring period, the Ievel of discrimination between perfectly
20+ matched triplex signals and 1 by mismatehéd signals increased from 55% to 65% in theteaction”
mixtures to which YOYO-1 had been added last. The triplex-associated emissions from the -
mismatched triplexes formed in the reaction mixture to which gDNA had been added last,
increased slightly over time (sample 10, Table 6 and Fig. 2). However the rate of increase of
triplex-associated emission for the mismatched triplexes in these reaction mixtures was much
25 less than that from reaction mixtures containing comparable perfectly matched triplexes; such
that the level of discrimination between perfectly matched triplex-associated signals and 1 bp
mismatched triplex-associated signals increased from 54% to 60% when monitored over the
time period.
The triplex-associated emissions from perfectly matched 25-mer triplexes in reaction
30 mixtures 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
YOYO-1, were similar whether YOYO-1 or gDNA had been added last to the reaction mixtures.
Under both triplex assay protocols, the perfectly matched triplex-associated emissions increased

when monitored until the 60 min time point (Table 7, Figs. 3 and 4).
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designed to be conplenentary to a 25 nucl eoti de segnent of the sense strand
of exon 14b and intron 14b of the human CFTR gene. The sequence for probe
2789+5G Wo\WRAGI(SSEQ | D NO 28) was: 5' - AAT AGG ACA TGGPAAIBAGT0GAG TTT
C-3'. 30 Probe 2789+5G >A- MUT25C (SEQ I D NO 29) was a 25-mer nutant ssDNA
probe identical in sequence to wild-type probe 2789+5G >A- W25C, except for

a one base nutation (underlined) correspondl ng to,the 27 G >A nutation
in intron 14b ofln thheeattiomeixiar TRIERREA0 THE THd el OE 4’3}0‘{92@8@ een adde

2789+5G >A- Ms{rt% &7?‘%90596&%%%5 HEHS & mRmutel 266K er Mipdx déasistidy bf #hdmicAC TTT
C-3'. The reatti orq

m xture cont ai ne e _foll s from 75
pg to 4 ng @NAmyﬁrmbgé%@ﬁiQ? Ei %?Fg(éﬁmpéf‘a‘gﬁﬁ‘g JW g‘%"“é@%‘)bj&t 0 604
copi es), 3. ZoRrmRyefodd 1009, mmﬁomaau@oqs,mberaﬁa 5519;26[855,39,36 4506, 50M5YOYO- | .
Fl uorescent ‘enission fromthe re

h tht U%ﬁs W%lrellaHD 8 reamth a PMI
settingSof 3wba04mipafingibatiag, re%"“"ﬁ thgndhas emied, e & SEH A CEBRIT 8% £ f er ent
fl B&&GS c eBC %m&ﬁPte S&lltaﬁ’rﬂné @y gér&cﬂyaﬁacmbssammdplé;o(rsammes \mabld 71 ylpmt:amlonmt ?nt

Ss probe controls ugr esce e Sodh {pﬁ@gé&t@x ures
wer e nor nal ﬁﬁ’@ﬁfei@t%%ns“(ﬁé‘m ?’@“{9&‘35‘1 gchgéggg% g asﬁ FH Sgtractl ng the
appropri at eeﬁrsgm fmﬂtar ﬁhsn&lfﬂl&‘ﬁ[lﬁ}melvalp!lta cdnmthngocff gdnomiq WAeandmwheor ed over
tine. Hetero lLe , $1 $40}, NY of

ei ther 2 ng, %dﬁﬁﬁj%&%‘é”@gfﬁ Q)P%a A{Ee/" E)‘tﬁ{&e?/urlfS SR 60 r/lé?ng}bl ood) and
gr obe HVL-vazd,ans(-y&aﬂmlsmOxﬁer aBer 1]5;12h(naij 30,485 40, T&tﬁDeSSmndﬁésm@ftmmﬂbatW f(r)]r med
uring a m nut.e. | ation,i te I. The
perfect mat AFPHEYGh, fhap Fopg ¢ “%‘f st 11?;? [ﬁgﬁt\?/%?e a%n%%u% (%Olntgﬁa%n?t te
greatertha p&ﬂf@tlymatchedaﬁmiarmdxtslampie@,é&ahlnd)a signals of target genom c dsDNA

control and W1 d; {xpe. probe sl 10lccin: otk Bhidielof AuRch Yk 85 of oeubat i on.

When 1 ng genom‘é presen reaction . ;. mxture there
was a progr ekssmcmeﬁxc camonseaaéed s&parntelm ifcembibationtetan lassaly IS LipERIxEg qap kesult

f | uor e ﬁgﬂglgfl Iprdﬁfesswe mgea%%é ?% erﬁ§§t§;§ llfepegﬁ"c"m‘!heml@mgt Q rog‘sm‘%u%hﬂehe 60

m nut e erio decr easi ng :, concentrations. of
genoni ¢ -ds, Dmmhtbmding gy muveapnpgr@sgwe@gwem grgnal wsﬂoghféw IR IEASHAMN t*

glm ds ﬁi)? nf ba Unl? %t{)r%g'ﬂbng] ﬁ@{‘?&hﬁ £13 PG of FRGEN IThAlrbRRsh rhiltubel Sanlbe ldete@fh ‘mxt ur e
. which increases in discrimination levels between perfect match binding and misimatch: binding. " ¢ -
., ;.can be monitored over time. Monitoring can as well be directed to observe high, constant or :
20.. - increasing levels of binding associated signal from reaction mixtures, under which mismatch - -
binding signals are low. Consequently there are advantages in carrying out assays in duplicate
employing various protocols or reagents so as to obtain signal whose several characteristics
confirm the scoring of the sample. We refer to these methods of detecting matched or
mismatched binding collectively as the “waxing and waning” methods. It is very useful to
25 generate 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 Delta F508-MUT25C probe in reaction mixtures containing 40 mM TMA-Cland 500
30 nM YOYO-1, and either YOYO-1 or gDNA 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). In this

instance triplex-associated emissions were also monitored after 24 hr of incubation of reaction
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proportionate decline in triplex-associated em ssions fromthe perfectly
mat ched 25-ner triplex formed (Table 4). The tripl ex-associ ated fl uorescent
em ssi onswbnomwva3smst i on m xtures containing a lbp G 25prCTmBzwsoshed 25- ner
triplex and genom c targets wei ghing between 2 ng and 200 pg and probe
FVL- MJUT25C (sanples 6, 9, 12 and 15 in Table 4) were all 100% | ower after
5, 15, 30, 45 and 60 m nute incubations than those en‘itte,deg _t?{g@lreacti on
m xtures comtixtines. Tle pevitgand MR epiesipnpatersyas eyifent aflep et by qfin %‘ﬁ’a e
anount s of 9161'}95%‘?. dsDNA and probe FVL-W25C (sanples 5 8, 11 and 14,
respectively, 1n Table 4). As_discussed in Exarrgl e é\élrwg}l haci éi tated
sel f- 30 associ aWVhew? ngpf genemisDheuasagpedyith qitfergdmer B WIZQF BIoRT €h&d upon
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i nt er caPat i A0 YO hb aﬂ‘b‘iﬁhé&Y(Pg?dé’f g%@h%eqﬁdg%&?s?hgge rf"?’clLfﬂ I@B’fﬁfeé’r mat i on.
This may respl waxind afd\Ganflz @IS S pitferneiti SisboaBupbi MBAItoBAL the eactivh Mixres
cont ai ni ngm smat ched genoni‘c nENA triplexes being | ess than the em ssions
f r om conpar &B$'@* BPWHEIRBNCIVT. Het er opol ymeri ¢ perfectly matched 25- mer
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stabl e throughout .t he 60 mi [~ O REREPH: CRhReBY AW e The
tripl exfjas'soci’ ated’ f ‘fcﬁ%lrngglcéei%%%alfﬁqg%%ﬁ%icf%éﬁgeéh}?g%%p| one mB%(t ur e\gc}oent ai ni ng
a 1lbp TG sANGENEYS ZBIPREK it tviopir wregepaipningsttrepdssambiadesrcardange WiffttWe st pg -
genori ¢ dsDNA and. 06008 & o155ttt fESuct BFIAsNbh 2 SGis M6 : Sacalibredl§RP6 L.aver
after 5, “15,‘r@fﬁ?Br%?'gcgﬁﬁﬁgba%néﬂ%aéﬁtﬁgﬁb‘gg 9&' than , ! hos:ereem',li ted by
t he, r eact i ortine whichradlew famukipisicmdssigp phraetersios e bty cpmd gafuated fogfionday ~
conprising " saympuTRAr abl e anounts of -genom c target. DNA.and. after

. - J  nore a corate assaypi R ar abl Jaiine L
bei ng nornmalized to the- rel evant probe

20 Ve e
Example 7
This Example demonstrates the ability of the INGENEUS TRIPLEX to form specifically
on pathogenic génomic dsDNA targets reacted with 25-mer ssDNA probes in the presence of
YOYO-1 and an excess of human genomic dsDNA.
25 A suspension of vegetative Bacillus globigii (BG) cells was supplied by Dycor

Technologies Ltd. (Edmonton, Alberta, Canada). One ml of BG was pelleted by centrifugation
for 5 min at 5000 x g (7500 tpm), resuspended in 20 pl Bacterial Cell Releasing Agent (New
Horizons, Columbus, MD), and incubated at RT for 5 min. The lysed bacteria were then
resuspended in 160 pl buffer AL (supplied in the QIAamp DNA mini purification kit, QIAGEN,
30 Mississauga, Canada), and incubafed at 56°C with 20 pl proteinase K for 30 min. Isolation of
the BG genomic dsDNA was completed with the QIAamp 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 human blood sample and

quantitated as described in Example 3.
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[ M _ control value (dat a .,not shown) . . " :'- " ! ' "

X ., ,. T.he above results clearly dem)nstrate
t he astomehnmmmfsf;l ci ency and sensitivity of the ! 20 PpPNGEBEISIBREELI EX t 0
enabl e the Genomic Assay to directly detect various msmatches in ':
various genes in non-denatured, non-anplified, human genom c dsDNA targets,
over a broad range of genomic dsDNA concentrations. The foregoi ng assay
capability is al |AntivasndfmerssRBairsthin yith seqhences| cPONSmeRaryir 223 giRotids pg of

genomi ¢ ds Dl\k%gmaﬁ) b t%bmgtﬁh&' of%ﬁlc Eg@ﬂ%ﬁr?choﬁ &d%cl@a@§@¥lﬁ@ E&ror M PeruRflo£qui pent
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t he sane assay protocol described 5 5 occasi on, variations
Iﬁﬁ@ Whe

in reagent conceﬂ"b?sﬁﬂueéﬁorwfo%bﬁ%w&?m@ﬁ& SRE T GARBAT nel ude
Factor V Lei defts ®oa69aA a&lHER, C677T, CFTR del ta F508, CFTR delta 1507,

CFTR 2789+5G >A. CFTR 30 3849+i0kbG >T, CFTR3659del C CFTRGS51D, CFTR
621+1G >T, CFTRRTIGSeRuengytprrobe csgA W AC (SR ED NeLBy warr T roCs AT A4S R

N1303K, CFTPCgﬁG@ier SRTRoOM2B2X. Seventy-five percent of the target
sequences in the duplex targets assayed in the above-nenti oned Genom c

Assays cont ai ned TBngacgpn mixfees(Eytlqataiped the fgovdng; (048 pr atF Ggenpmicii it d

pyrim dine basesopicwhs @pmueaﬁfrzsme} SkDRANSb el @2 TABY40 VMM, Q&ﬁ/e&fSO@ DNA.
This Z DNA potenti al in no assa dlfflcultyln caré%
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+ > nutatl uriLtil e rom sa
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500C for 30 Wtramoﬂ'lhaeedSﬁﬂhG}xd GenestAnalzer 35 MO aporEitglRekr Bya s‘ehuﬁg mwm\«t"rurer of
theOra t .t er.m st e.of sali.yv atRT Table 5
conpar é$ thé%&%a@ 21% Jssaﬁ’gg?)'%téé giess ? Pﬁgﬁﬁ%‘??dgsé’ﬂ?)%l Uoiri fied from
saliva:te:those, dnfthifmmmmcmmm\/ﬂ%m\mﬂumesbene@bnilssmmléyblsﬁmmtﬂhb@m ‘4:ng or
2 ng of huma épl\%” ass d usi 3. ‘P(S"f

2789+5GSA- V@Q%%%%c??pg’ An mbec mcr§35e rtrllles%l) ons °f nrc(e)n?ﬁa I‘(Eevs)r eaction
m xt ures.i ndmmaasextﬁntﬂaaetactmmttem (Tabiewlaed(w fooshowd), inlit#tive gilthsdateboiiprabt: fi ci ency

(sanples 5 a&ﬁ’ h?‘}z' 1&3&%@&1& & @ﬂ%@%@%@%@tﬁ%ﬁ@hﬁ&gsc céerfﬁlss%ﬁtkﬁm of i

i ncubati on, € presence O e triplex-assocl at
eni ssi oPs: Weepagh wrotEisbmrol remained constant throughout the 65 minute incubation period. Asexpécied; «

the fluorescence emission levels of the human genomic DNA controls decreased slightly with
decreasing YOY O-1 concentration and remained relatively constant throughout the 65 minute
incubation period (Table 8). No fluorescent signal was observed for BG genomic DNA controls
monitored at PMT settings of 32% (Table 8) or 34% (data not shown), reflecting the very low

25 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
conceniration assayed (data not shown). Fluorescence 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.

30 Heteropolymeric perfectly matched 25-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, 400 or 300 nM 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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t hroughout the 45 mnute period that they were nonitored. . . ]5 . -The
triplex-associated fluorescent em ssions fromreaction m xtures containing
a 1bpT- .wo 2006@33088smat ched 25-mer triplex conprised of pcd/iByogessasy ¢ dsDNA
and probe 2789+5G "-A- ,.-". ; MJT25C (sanple. 6, Table 5)were 94 9%-93. 1%
94; .1 % and 93: 8% | owerafter 5, 15, 30 ad 45 m nute incubations,
respectlvely than those emtted by the reaction m xtures containing . .--

. perfectly triplex Raaptios impspved a3 the ¥QES-1congeptrasion wherleTredsesfry 5009Miiol380 | y when.
2 ng genom cgg A\e r2Bion mikhRS cBrﬁﬁﬁB%ﬁjod’\éobfés uﬂﬁe RIf BR@APew f.éh foordgya 1 bp

T-G m smat ched 25-mer triplex , the triplex-associ ated
fl uor escent ERYQdi wgreent dn ti?eo%tw@?mv%e th@ew%mam&l@@%eum@?e iafoedyetly, 15, 30

and 45 m nutgatéhae Dhalt PPRx TLESRERE EMBYYN (shRfé 13, Masie spiidubRAlt Y ﬂFsE@s reaction
mat ched 25-ner triplexes (sanple 8, Table 5).

m xt ures cont ai n|

The above rdBHFEEC g’éﬁq‘?ﬂ %fé high aplatean n fyoprssenceARESION B oasrRYFd. g¥REFIE DNA
purified 25 cfoples*rbtsnGlgéﬁ?onﬁam)I\beWaﬁ aedafddCiieNihe BRIR-FPRCH frbise, @ﬁici@ﬁ’c&n{ﬂ@x whi ch
t he human ge from# ood.. Extensive purificatiogn of

genomi ¢ DNA, forg m"?)%l%sr aésovﬂli’gﬁi’i"eﬂ ﬁ‘@ PEFRGRof 300 £300 A YO K QHeASE 2 mingfes gE o
requi r enent 1ﬁ@battoh,amthr40p hpp@nasmaw BingSRRERSAC0Y @1 RbitentRAUSER tRS0QM C

dsDNA. Th SII or assay fromsaliva offers
clsear advgn'ii C%ﬁé“ TR “Fﬁir( t"”l ’H’é %yﬁgeél‘ﬁse“aw @H‘X‘ﬁaﬂgﬁé nRPBeentRgn et 108Y fr om
bl ood. Jon siddpiedry 36 tapis fAIBPATWS ABSsucteksid ahyeR Qith B 8EAL Wb sOstouadtf | €d by

Q agen kit yi eI ded npre than enou h human genom c DNA to carry out over
9,000 tripl &kt Sown), AsutlepsdOcopesy |Bﬁ3 ¥qﬁ%‘§’(§q§<&aiﬁﬂ rgastion yolumgef 8Rayl #agssayed

per reacti oneprdﬁuby@laﬁsajredmu&hémgmm@pm&theBi:éédnf:d SdoywM v Ao-Dchagne Kit,

Per or med. 1 CoPESH R e AN, Vit o e OB TRIREE st gaeeise

consi st ent athbgehh@ata astchavai).on-t hat YOYO- | nol ecul es conpl exed with a
LLLPLTue e B albb i, b Ao ARk G IER SR 2rEd L
human genonii§o deiddiofttacigid ‘gemadcDNd amidsh adbge: manSgsMiﬁc Wbeﬁkgrauﬂldm fgdt he
Hanan genont s SRR e B0t ARG Bl S et R a0 sonls o BB sihoitnt 1 1 at e
as 10 descridslelAjand fExtzerpgllR-VEI25 Gy ibinssd dening25-unewie meibbifonpr hbeesend'dfR0s equences
derived fromPb¥BY, 40 mM TMA-Cland302 copiesof human genomic DNA (sample17in Tablé 8). -

20 .-+ Moreover, there was:a progressive increase in BG triplex:fluorescence emission throughout the
65 minutes of incubation. The fliorescence 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 fluorescence observed in the presence of excess human

25 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

30 This Example demonstrates the ability to assay wild-type homozygous, mutant
heterozygous or mutant homozygous human genomic dsDNA samples for the MTHFR C677T
mutation.

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

mutant homozygous with respect to MTHFR C677T, was extracted from patient blood samples
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19 of the human CFTR gene, were synthesized on a DNA synthesizer, cartridge
purified and dissolved in ddH20 at a concentration of 1 pnole/m . Probe
3849+10kb&o=2deciiB2i3€ ( SEQ | D NO 30) was a 25-mer wi | d-typeTaBiodrpssadee
designed to be conpl enent ary to a 25 nucl eoti de segnent of the sense strand
of |ntron 19 of the 1 5 .3, ; human CF E R gene:

> < D . The sequence for probe
3849+10kbC- mmseteéseéasm inFsopre 3. 5Antem@ 2|5ellfel*ssm‘m probesy with sequegess  TCG

CCA T VTAA TaGvel from exon 4 of the himan MTEFR: genc, wMe preparecil-as described iff Exanfpléofe
3M 9+10kbC- >T- MJT25C (SEQ | D NO 31) was 25-mer mut ant ssDNAprobe "

e dent i caflh¢ wactispaidpesdse k) °Wlnéﬂ¢9$go‘ﬁﬁ%b1éﬂg3)8a9grqfélk‘ﬁ@ ESTMYiF 25C,
except for ajPRQ Hasapprodithately M4l %ﬁ&&s@yweg Lds;sbeﬁi)e 0L e ROk t he

3849+10kbC- >Trrut atron in intron ene. The sequence for
probe 38%9+10RafCmutpntdSraas ssDNSEphery. ngﬁyndvéQ%nMéf OYQsFa lygsoophesissions ccA TTT
TfAAhTAC T - 30fthe-l:&gtldsﬁl%\gﬁxie@ﬂez’@h%)ﬁltb?@ﬁmﬁ8{3 G@ila;(ugmiggezrnselmw El@orh&g 1h@vutagl 2 n}g
0} uman genom C So e a OXInBt C noles O
5. ot 5 DNASBREHE DAL ahor B b e SRR T pEPRTO e P ORBE AR ¢ he
kosnot ropi ¢ cat i @iffdr&t flasrekdngt anssviilesls oBte@bsetied (of M-vild)typel probe @677 T-

e Tast B HCRRRIBNS e R CPPERLnds SRR B siliEe R Q)

conponend s ofifftraeed it &0l @flﬁelfﬂ\ykhdiiaﬂoxh\aldcme@jharmtemdc éfeﬁcmlpe:bgmqmmn {BNA was

added. In all case xtures were incubat

i rradiated. EFfiﬁ?ﬁﬁezeécﬁ?&gr@%% P °%‘b' tHE"PERE ?’%‘F’nsmr?\ X@?‘ﬁ? ggmvxg eea(%loﬁl t or ed
with the GenmitisesArad iyrealizdbwlidangfynifloresioasied sigial by sibtrictingthe ippdRiatPMT af ter
5 15, 30, 45 nd 60 . m nut es, of I.on Cri.

the presencel Bt FBTOLRIIEHOLY rﬁellﬁ‘ﬁ{}&’ qg&aﬁt 1o 1(ﬂ“onrr"gtsuge 'Slgle’gﬁbggshooﬁ@?&ge

w | dt ype andmmamamaftesﬂlﬁ)b&memumbm ofdamubatibis f or each SNP assayed were si m I ar
after_, n ofin (T ned

st eady over a fu%ﬁ%}b%‘:’r 15%FHScef\lilrtlej[gtd“e7d B tr%%%‘gs 1Hﬁetac %ﬁ&egas é%gélag&tfed

em ssi:on -val either \ubitmperhemotmblw@vmmge&@mt: dﬁD@)‘@\ Wﬂwﬂéﬁyplemmbﬁﬂﬁﬁf\’ﬁmrﬁeact i on
mxtures are, ? p{a I&% Z%eﬁ%ﬂﬁic £DN h&d%dtﬂk%&b@%‘é?ﬁ* A9 E€MhsRons from

dupllcate per tC e rlp exes 1 n reaction m Xtures

consi-sting: o¢fﬁgemﬁmbwwteamaftﬁwé @W%@IWWY(CQMPW@Y%H"

(samples 1.and 4, respectively, in Fig.5). Theefficiency.of matched triplex formation, signaled ."

120 . by the appearance of triplex associated fluorescence; ‘was slightly greater-in the' reaction
mixtures cemprised of 1 ng mutant homozygous genomic dsDNA. and mutant probe C677T-
MUT25C (sample 4, Fig. 5), than that of the reaction mixtures comprised of 1 ng wild-type
homozygous genomic dsDNA and wild-type probe C677T-WT25C (semple 1, Fig. 5) after 5
min of incubation. The triplex-associated fluorescent emissions of the matched triplexes

25 (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 time. The triplex-associated fluorescent emission intensities observed
from reaction mixtures containing either of the two perfectly matched triplexes were more
similar when 2 ng, instead of 1 ng, of genomic dSDNA was present in the reaction mixtures

30 (data not shown).

When 1 ng mutant heterozygous human genomic dsDNA.was reacted with mutant probe
C677T-MUT25C (sample 3, Fig. 5), the triplex-associated fluorescent emissions were 77%,
80%, 85%, 88% and 90% lower after 5, 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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9, Table 6), nonitored after a 15 mn incubation in the presence of 45nM
TMA-d and 500 nM YOYO- I, were simlar whether YOYO- 1 or gDNA had been
added | aswotoodidzsosseact i on m xtures. Under both tripl exrasanyopossuiecol s t he
perfectly matched tri pl ex-associ ated em ssions dramatically increased when
noni tored over a 60 nmn tinme period (Table 6, Figs. 1 and 2). 10 The
triplex-associated em ssions fromduplicate m smatched 25-mer triplexes in
reaction ni xvilf-yee hoprzigausitgangenerain d¥ANA Aildtyde pPRss 7 DIF 8 HEssmplM.IT25C

(sanples 6 afg 5}Qach'56§$a?ed@herc@ﬁagérmé;%ﬂoéfo}”%ub@ué@ mn incubation in the
presence of 4 TMA-C and , were simlar whether YOYO I or

gDNA had been ad@BafripleypsspgatechBureserst eisrions Zomrldy GAdrisreehicielem ssi ons

that were 55%46n é&%& &M‘@ﬁseﬁ Bﬁl%gﬂﬁﬁ&}ﬂcﬁ&n&&@@ub‘ﬁ%n%%ﬁﬁd aabng aRshiget |y 15 .
mat ched tripl exes n? Ject i vel The

tripl ex-"asso¥pst@d’ %Wg %E?@mpbz’fﬁ%ﬁi‘f’ﬁ@ -t @388%’1311‘})?86@( Werrdtde in t he

reaction m X{sse 48 enddoismif intGDéeon, hagecmegeman those, enmekaemlnd %kactlb@ﬂ%lhﬂ@d
over a 60 erlo (salple 6,

relatively 'consta

bl e b SRGRERge A REed HEeeS s T Pe T e
tripl ex- assoghéhie dsDNA aslivilistype probe C677T-WIZIC@m6le ﬁrngnﬁ)t toRBaluitcOMBE t he
noni t ori ng- peri t he

el .of discr.imnati bet ween erfectl
ot ched €17 PRl SRt TH CHE B g B P GRI08 PG 506 ¢
65% i n tther eaxsmtc}nnplexes miaxtaoti @snikiore whnpeised ¥OMg nhutdnaltbnvemounstidatbeh@sit . The
tripl ex-ass ted e I ons 1S hed tripl n the
reaction m x‘ﬂ?ﬁéa{’d %@ﬁ%prw a g% Sa"épgeggéﬁlﬁ' %s efeﬁmr%gﬁrggg’ggﬁaﬂg%?ght |y over
time (sanpl 30185 adadll minbingubetida, gpspeRijvelythwe these dnkiged itre tiof reactior mixswe Of

tri pl ex- assoghah o] SELRMndBlea Wi BLGHSE 111 RN bl ehl1RfaL €aCtT O

m xt ures was ess romreactio ontal ni ng
conpar abl e pendrgc BN Aradohisant probpCEREMUEAC saiplet4, FigeS)l entetvalyhted after

di scri nmjyat '«%ﬁgﬁ%l%‘ﬁe?@ds%@ﬂcﬁ&%ﬁ mat ched triplex-associated sigpals and 1

bp m smat che assocrl ated si gnal s i'Hcreased ffom 549%to 60% when
nmoni t ored over:t. ﬁhﬁ atioperegisidenonstrpe the high| cicienais e secifipie of Seimshod fof om

perfect |y ng of
Genoni ¢ ”&%%gﬁ%\r;vg%g%o%&%@gf Cﬁmﬂh_&e{o G\Es o%m%{?[h%é%yg %ﬁuﬁ&%@hﬁr&!

nmoni t or ed afdsBNAgamgesyiFheseretiBaprs ﬁbtﬂﬁﬁedtqﬁ@g mat@@éﬁé%ﬂ@f WABYRNETI T, and 500
nM YOYO- |, WeriRs ff iThiaR cohat. %ﬁp%@YQ&Jult%@rQ%MepQxﬁfbg@lﬂ%@tldﬂ@@é sto the

reaction m xtures. Under both trlcgl ex assay protoco the perfectl y
mat ched? Oc - pREEITISE SEBY SNSRI e PTSWilGRIRe an apuga pigbes: for MEHFR Co77F (dea ot

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

25 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 that various changes and modifications can be

made therein without departing from the spirit and scope thereof.
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when nonitored until

reaction m xture containing 40nM TMA-O ,

| ast,

consi sting of genom c DNA and

the 60 min time point (Table 7,

Fi gs.
had been added

to which YOYO |

3

and 4).1n the

t hewonrnglms3esassoci at ed em ssions from a m snat che@C2aBrBS/0331620] ex
probe 3849+10kbC- >T- MUT25C (sanple 6, Table

7) was 70% 84% 90% 94% 99% 98% 100% 100% 100% 100% and 100% | ower
after 5, 15, 20, 25,30, _35,40,45, 50, 55 5 and 60 m n of incubation,
respectively, than that emtl,ted.af A [si|m|l ar|y| noni fored [reaction m xture
containing the perfectlys Qe@é ner| tirifpl ek ((danpl eld T&Ie 7). In the
reaction m xture contai rfgo40n$/|EI' -C] {ta which |gDNA Fad been added | ast,
the triplex-associated pm-ssions from al mi gt 253 ner! trilpl ex
consi sting of genom c DNAgird psabe B4@41€kb@ >Ts I\/UI':FSC‘, gsanpl e 10, Table
7) was 49% 55% 62% 663'”@9%‘%7&%& 73%| 10 |Zp%L|8%9% apd| 88% | ower after
15, 20, 25, 30, 35, 40 0, =55 *=and 60 m n*pf| ijnqubai i on, |respectively,
than those emtted fronfa srmiarty[mpnitonred agtirom xtium e cont ai ni ng
the perfectly matched 2%@r triple slang|e 8 '@bl@ 7 )en ﬁgcordl ngly the
addi tion of specific copgentrationsjof |TN& Clzpbri&nesor SF}JDr & |kosnot r opi ¢
cations added separatel'ly 6t in conbinptjdn'|tp pn assay feadtilon mixture can
result 15 .' in, a progr@$,§ihv(g Lncreagel 1in{sighal [em ss[ong i|f perf ect
mat ch binding is occurr %gg, 2-nhgE | e | ) m spat gh+ Qi ndiing may result in.a
progressive decline in sZgndSem ss agﬁﬁq)@ﬁhg Eeaidglv -, . -
,m xture (Table:7, Fi gsgca 45 ang daf 4 —phioyn) =)~ [Fhigg aleact i on
m xtures can. be sel ecteihE®F-" . || w Hid¢h i hpraases | n di scrimnation
| evel s between perfect patch—bindihgrangm sTTRtct b rg= , .can
be . nonitored over timels Nbgi L%' 2 wel(l be dirgctel to observe
hi gh, constant or , ‘2Q§,§§iﬁ 5. pf{ bi ndi n®associ at ed si gnal
fromreactich m xtures, | undé&r - whi bj ndilng_$i lislare | ow.
Consequent | yEthere are Qg\é%l@t age: D put, as,saysnfn duplicate
enpl oyi ng vaggl ous@mot oCDIS 50k ¥ € .%;Fogbta ni si gnal- whose
sever al cha@ct erd ﬁlcs%‘,ﬁﬁiw}’«n&u of | tihe samp|e Mé-refer to
these netho @@ ecti-ag: Rizsmeasy hed—h-id tHectively as
t he "waxi ng #ind Wam ng" "grgh‘ods.“ Usefiull t erat e
fl uorescent &i gnal & nor% Agsays;: Jot| ey Nerely on
rel ative gaihs wﬁ@ﬂ Ssi i ntensi t | nl sg qan™enpl oyl. nates and
direction off charg€. of significant, sjovgr [timeTWigm| 2 ng of
genoni c DNAgvas reZct ed\'ig &t £i tther |-2B-ier" Del td F508{ W25 pf obe
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or 25-ner Delta F508- MUT25C probe in reaction m xtures containi ng
40mMTMVA- G and 500 30 nM YOYO- |, and either YOYO I or gDNA had been added
| ast to twe 2o@assosen m xt ures, waxi ng and wani ng of per PectiBIBS/033162
triplex-associated em ssions and m smatch tripl exassoci ated em ssi ons was
observed over the 60 mn incubation period (data not shown), hi this

i nstance tripl ex-associated enm ssions_were_al so nitored after 24 hr of

i ncubation of reactionm xtures. The|waxjrig|and ni ng|eMm ssli anjRattern was
evident after 24 hr of in%ﬂﬁaﬁi@lﬁ aj al notl sipwn) nh 2 [ng ¢%¥| genonic
DNA was reacted with eithgét S2B- ni®f|FVLF WI25C prlofe |off *R5} |mer | EVL- MUT25C
probe in reaction m xtures contalni ig] 5 VA-ICH, 120 v Na@apd 500 nM
YOYO- 1, and either YOYO I "’@é gDNA had| begn |added |lasg QE [ he |spaction

m xtures, the waxing and WA ng em $s OE pa&ter nf ias>obser iedsuppn
nonitoring the reaction i xtures over! 24 lhaurs (ldgt 4 nhot shown Nuner ous
kosmot ropi ¢ gations have [®ensused in| corfjuctipn vi tth{5p0 NM|YOYD- 1 to

i nprove theZpecificity of§ tshe mlgom;:.d Sa% langloggg aancgdhe waxi ng
and waning ok tripl ex- assdeigated —em SR @18 SIHEE @ Fhel dde| H& 80280 nM Nadl
10 to 60 mMMR@2S04, 50mM & @(%,g 125|t)o |250( ™M (me) SO (SmV T i MA- O
30 to 52.5 M TMA-C, eacl# &dded Sepaf ély or | 50 (m %I\/A—CI iln| cpnbi nati on
with 10 to Z};) mMWNaCl . The| bengfits of [ tihg us¢ bf| dne L | nprie Kogpot r opi ¢
cations in areaction rrixt"c'ﬂ%%a@cg gre bleqt |caacent|r ati@ns| flon Wse under any
sel ected ass@ay conditions|sh&ysbe Ze ef ni ed €Xpelrijmen{a lP/' It |+p

accordi ngly &l ear that a [cerem-e-Assayrayrbeperfiormpd-by—fgrmng the -
| NGENEUS TRI®PLEX in two ofg @)re reac¢t| on imixtyres fagsenpl ed ilpjarcordance

! g . 3F

with two or Znore protoco%g\/\hlch af e| clal|cyPated tlo [@IBduce |D|=

tripl ex-assétiated em ssi|0h$ nonitofed joven tipe, [which| alllow fof nultiple
em ssi on ch% act efisst cs tgo-,,',b@@bservad and evpljudted|ip jal|l ow|fpr , nore
accurate assayings $uganpl e & 51 5. BExafwl g _defonst rlafes, Lhe [abifity of the

| NGENEUS TRIPLEX E G for m ishecEfs ¢hl I3 e&@&aﬁ%ﬁﬁ & ﬁ«miﬁ“g%ﬁéwA targets
reacted wit g 25- (81, 5SDNA HPoBds 1 n|T'He nfesence gf YOV ¥ and|'ah excess of
human genoni% dsDN&.GA SUshena on .of  vegatative (Bacill | us gliohigi|- (BQ

. g

d

cells was S@D' i ?;g Dygor——

delta F508-

-type), delta F508-

25-mer probes = delta F508-WT25C (wild-type), delta F50&

600 nM YOYO-1 is present in each sample
Sample

human genomic dsDNA, WT for CFTR
15-mer probes = delta F508-WT15C (wild-type),

20-mer probes = delta F508-WT20C (wild

16) wt gDNA (500 pg) + delta F508-MUT15C (3 bp AAG del)_

6) wt gDNA (500 pg) + delta F508-MUT25C (3 bp AAG del)._
15) wt gDNA (500 pg) + delta F508-WT15C (perfect): . - 5 -

7) delta F508-WT20C (3.2 pmole) (antisense)
11) wt gDNA (500 pg) + delta F508-MUT20C (3 bp AAG del)

10) wt gDNA (500 pg) + delta F508-WT20C (perfect) ~
12) delta F508-WT15C (3.2 pmole) (antisense)

TABLE 2. Comparison of triplex assays of human genomic
5) wt gDNA (500 pg) + delta F508-WT25C (perfect)”

13) delta FS08-MUT15C (3.2 pmole) (antisense)

8) delta FS08-MUT20C (3.2 pmole) (antisense)
14) wt gDNA (500 pg)

9) wt gDNA (500 pg)

3) delta F508-MUT25C (3.2 pmole) (antisense)

2) delta F508-WT25C (3.2 pmole) (antisense)
4) wt gDNA (500 pg)

1) YOYO-1 (600 nM)

Target
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Technol ogi es Ltd. (Ednonton, Alberta, Canada). One ml of BG was pelleted by
centrifugation for 5 mn at 5000 x g (7500 rpm, resuspended in 20 n

Bact er i alwQeabds/Badseasi ng Agent (New Hori zons, Col unbus, piDjiB20as0s31éxcubat ed
at RT for 5 min. The |ysed bacteria were then resuspended in 160 ml buffer

AL (supplied in the QAanp DNA mni purification kit, Q AGEN, M ssissauga,

Canada), and incuhated at 56QC wit m _protejnase for 30 mn.

| sol ation of the | B&@genogig dsDNA was|conpl etied W thf tlhhg Q Aanp DNA
purification kit|3a% Hergn@nyfacturdels|instrigtions| [He concentration of
t he BG genom c d$DNA Bvas Ad@lt 6r i held by UV| spgctr pscopy. ' |Human genom ¢ dsDNA
was extracted from a human [pliogd| sanplj€jahd duanii{aféed|as described in
Exanpl e 3. Anti senéezZS-mer séDNALpn@pﬁers, M it _gequen conpl enmentary to a
25 nucl eoti de se@geat of the sense|&eajand| of2(t%he | Byl G|5lestriction
endonucl ease (bgll Bj gene dr [t helspdrul at| ondpecif|cl SASP protein (csgA)
gene from B. gl obkgj iy znere qynt helsijzed| oh a [DNA| synf hedi zer, cartridge
purified and di ssglvefddi p dd |Olat _|concent|r dtijon of jﬂ mole/ m. 5 The
sequence for probg Hd KRE gﬁ CREG TSN DD NG| DR FAT TTT GAT TAT AGG
ACA TGA AGA T-3' 'g'%_ﬁ%e@ueﬁté PO Spf}ﬁe”c%genf‘}ws@(vs D I D NO 33) was:
5' - GCA AAT AAC C{® TAA [CAT|{CCA T-3' | [The ireact | on xtures (80 nm)
cont ai ned t he folHoewng—0-48pgrof—BG :Ee Hre+a5-DNA 100 copies), 3.2
prol es of 25-ner |gsPNA pBedle,| 0.5 K TBE, A0 i Tq\/A- d ,|*het ween 500 and 300
nM YOYO- 1 and eii;laéfg e‘Ep“gesenca or %ﬁbse cle Eﬁ‘ 2 npg| gf-{human genom ¢ dsDNA
target (approxi mat ef y= 302 copi ¢s linlal | clades YOYQ || 'was added |l astto the
reaction mxtures, yhich were |nE dted) for| g mn an radi at ed.
Fl uorescent em s.iﬁgs of the |reaCtiZR| m x}t urgs|wer g @E|tored with the
Genexus Anal yzer |25 nW argdn |i on| | [@en at a”séﬂti ng ©Of[732% PMI 5-. , aft
er;5i 15 25, 35, 45, 55 anmd 65 tiesofrnquivattpn; described in
Example | . --- “g’a@é . [N }tmhe;prqsen:e, of 4ﬁ) MMIMA-(Clf, . t he fl uorescence
em ssion |evel s 18ré BpfhEt e Byb|dh2| o nrelgiel o2 21318 _
CSgA- WI25Cs s DNApF 8k G0ft £ ol |5~ IS [ RS SR s [ BIROR | S (R R r at i on was- ,
:Aincreased in the géasti on mixturle |(Tabl g |8 |and| datfa.{nf{shown), indicative
of the level of prohé®. sdl.fl- hybridizat at |t hel di fif grent YOYO |
concentrations. The fluoregcencelieni(sgipni<lleyel of| 0 :—jeach probe control
ttthe B5. nfaput el indabati pn-geifi od: As expect ed;

remai ned const ani‘.;t hr oughou

Sample

TABLE 2. Continued

16) wt gDNA (500 pg) + delta F508-MUT15C 3bp AAG R S B84 O 0 OB~ | + 758 | 3. ok _ @ > 119 2 -

6) wt gDNA (500 pg) + delta F508-MUT25C (3 bp AAG dg)) &

7) delta F508-WT20C (3.2 pmole) (antisense)
11) wt gDNA (500 pg) + delta F508-MUT20C (3 bp AAG

5) wt gDNA (500 pg) + dolia F508-WT25C (porfect) ©-
10) wt eDNA (500 pg) + dolfa F508-WT20C (perfoct)
12) delta F508-WT15C (3.2 pmole) (antisense)

13) delta F508-MUTI15C (3.2 pmole) (antisenss)

15) wt eDNA (500 pg) + delia F508-WT15C (perfoct)

8) delta F508-MUT20C (3.2 pmole) (antisense)
14) wt gDNA (500 pg)

3) delta F508-MUT25C (3.2 pmole) (antisense)
9) wt gDNA (500 pg)

2) delta F508-WT25C (3.2 pmole) (antisense)
4) wt gDNA (500 pg)

1) YOYO-1 (600 nM)
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the fluorescence em ssion |evels of the human genomi c DNA controls

decreased slightly with decreasing YOYO |

concentrati on and renuni ned

rel ati velwocoosaisaoss t hr oughout the 65 m nute incubati onppenBmds/(Baéd e 8)
No fluorescent signal was observed forBG genonmic DNA controls nonitored at

PMI' settings of 32% (Table 8) or 34% (data
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5) wt gDNA (2 ng) + C677T-WT30C (perfect)

3) C677T-MUT30C (3.2 pmole) (antisense)

2) C677T-WT30C (3.2 pmole) (antisense)
4) wt gDNA (2 ng)

1) YOYO-1 (500 nM)
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8) C677T-MUT25C (3.2 pmole) (antisense)
10) wt gDNA (2 ng) + C677T-WT25C (perfect

7) C677T-WT25C (3.2 pmole) (antisense)
9) wt gDNA (2 ng)

11) wt gDNA (2 ng) + C677T-MUT25C (L bp C
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1,00 copies of bacterial 'genom c DNA “am dst a huge -human genom c DNA
background ~Heteropol yneric perfectly matched tripl exes, fornmed between

t he- 100 wopb@w38i88BG genom ¢ ' dsDNA and probe bgl El - We25@B200803886k ' duri ng
a 5 mnute incubation in the presence f 300 : nM YOYO 1 ,40 onM TMA- d >and;
3 02 copies of human genonmic DNA (sanple 17 in Table 8). 20 . Moreover,
there wasa progressive increase in BG triplex fluorescence em ssion

throughout the 6% njnutes of |i mcubatiagn| The [fllugrescenge em ssion of the
reaction mxturegSsiidgimg £1ETdblle| 8| wadl al sof ney)i tofed |[@|ter 24 hours of

i ncubation. Wil ethes BG1E|i gl ¢x} assodi at ¢d| fiofesceny observed in the
absence of backgt gemom--DNAlsl i ght vy tdeckreaded after 24 hours
of i ncubati on, thg BGtripl ex-qisPo&l;Lat ecﬁ I u@resd:e1cqo ohserved in the
presence of exces§ duman 25 denomi g[ANA| conlk|filed 1 o|f|®r ease t hroughout
the 24 hours of iAc&bation.| The abjt|i tly [t o ff9mogeneousil  assay 0. 33 copi es
of bacterial gengmc—DNATfOrTeach frhomer—genomc|DNA present
denonstrates the gx I@;éﬁe sengi i vity, qf t hel 1|NGENEUS TIRI|PLEX assay for

det ecting pat hogeasﬁiﬁwgng nor| &Y £MarR 5o /il ALk B | Exarplsf 30 This Exanple
denonstrates the ﬁ@r;_l ot o HERayS B I ¥ pe| SarBzgpel®| < mut ant  het er ozygous
or nutant honozyg8ug shEman |ggnom c| dsDNA sanpll ¢s|fbr{ the MIHFR C677T

mut at i on. Human %gnorﬁff dsENﬁL thﬁt wad i { her v[/i | di t ype jhonozygous, nut ant
het er ozygous or Iut@ru hpn;)zygouis WM ith respeqt [to MIHAR [C677T, was
extracted from paBi 2@ obﬁq@d sanpl b sland quant|ctat ed ps|glescribed in Exanpl e
3. Antisense 25- [i8rs s5DNB 8l qbes| i [ s;eunq&s derj vi§d from exon 4 of the
human MIHFR gene| _were prepared as! degqctiped lin Exanplle |3. The reaction
mxtures (80 m) |gontained the|following: | 1Hg|of 2 hg gf human genonmic
dsDNA target (appEdki mately 151 ¢coiBles or 3eASGopi es|S|EEspectively), 3.2
pnol es of either |®i&d- 5 tyjpa or mrtjatt | 25- jrEr |ssDNA prabe, 0.5XTBE and
500nM YOYO- | . Fl gerescent—emrssionsofthe—reagtioffixtiures were nonitored
with the Genexus ang@ger 15 MV ar pdn i on| | aderl @t | a setiting of 30% PMI
after 5 15, 30, §5§amgt§0 | B os | Ok~ | ne (it 0n [wps| descr i bed in Exanpl e
1. Different flupEescencs off|RsnonBleyels|wes e ohSetied|for the wild-type
pr obe C677TWI25C E% ED”NCYZ?) “anf’|mit ant Prlode | CR7[7T- MUT25C ( SEQ H)

NO 23) controls, [Hue o 10 |di{fflef epcled i n|ljevelis|of jsel'f| hybridi zation

whi ch are characte —gac¢h|probea-sequence | njthe

Sample

6) wt gDNA (2 ng) + C677T-MUT30C (1 bp C-A)

7) C677T-WT25C (3.2 pmole) (antisense)

11) wt gDNA (2 ng) + C677T-MUT25C (1 bp C-A) Q
12) C677T-WT20C (3.2 pmole) (antisense)

16) wt gDNA (2 ng) + C677T-MUT20C (1 bp C-A)

8) C677T-MUT25C (3.2 pmole) (antisense)

5) wt gDNA (2 ng) + C677T-WT30C (perfect)
9) wt gDNA (2 ng)

10) wt gDNA (2 ng) + C677T-WT25C (perfect)
15) wt gDNA (2 ng) + C677T-WT20C (perfect)

13) C677T-MUT20C (3.2 pmole) (antisense)

3) C677T-MUT30C (3.2 pmole) (antisense)
14) wt gDNA (2 ng)

2) C677T-WT30C (3.2 pmole) (antisense)
4) wt gDNA (2 ng)

1) YOYO-1 (500 nM)

TABLE 3. Continued
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presence of YOYO |l (data not shown). Fluorescence enission values fromthe
reaction mxtures were normalized to identify triplex-associated signal by
subt ract iwQ 206w0333pr opri at e probe control em ssion val uecirnBrmos/hssiéxl evant
reaction m xture em ssion, both of which were neasured after the sane

duration of incubation. 5. r -. Heteropolymeric perfectly matched DNA
triplexes in reaction mxtures conprised of ' either wld-type
honbzygous hunman genonLco !gds ngd, d#t)c/jce pf o T- WI25C 1/ 4G, . i
rrut ant honbzygous hungn %@g G2(dS /anqsnmqaﬁ C6[&|T- MUT25Cy
‘formed , (sanples J.apdSZ rBsPedtively,| in|F| g} *|. | Th'le efficiency.
of jnatched tripl ex fotration—si-graea20-by—the raRee of triplex
associ ated fluorescen¢g,<was slilghtlly| grelatiefuw| n r tli on m xtures
. z N O i i (2=

conprised of 1 ng mut ¢9§tg homozydous | genjemiva  dgPRA arﬁ megnt probe
C677TMJUT25C (sanple 4,%Ffg. 5), [tham t hgt| of [The| rlgacti OH| ni xt ures
conprised of 1 ng wil d=typg homgzygous ggngmc| dsDNAamd wifl d-t ype probe
C677T-WI25C (sanple 1 §F§ ' £5) dftley b m|n |of ncugﬁttloh. The
triplex-associated fl tJQrgﬁéné ani| S pnes (@l A A et Bed X 1% pl exes 25
(sanple 4, Fig. 5) decfehsed &!i|GhE|y| dNE|e| RN K| EnSIBE| on peri od
noni tored, whereas the%tgi@nEex-asQO‘i fxt d fil J;o*esdert em ssions of the
mat ched tri pl exes (safpl e 1™ Fid. 5( endi ded tel ativel y kdnstant over
time. The triplex-ass )qgi@tged Ll Uorlescent e $s|opn i ntensiftiles observed from
reaction mixtures coniLgi%iigwg 8iglhar |of th&|two|Per|f e8|y &t ched tripl exes
were nore simlar whef 25y, Ereit eadl pf| 1 ng,| of| genom £ |[dgDNA was present
in the reactjon m xt ures—30(dat{a tnotl shgwy) \hie! nglmutlant het er ozygous
human genom® dsDNA. wag s eacted (Wit hut-gnt pnoble G677 TiMUT25C (sanpl e 3,
Fig. 5), thetriplex-a§%ciated |f llupr sEH eR|Ssi|{@F| WE|77% 80% 85%
88% and 90%% ower afte® %, 15, 30, 45| aw| 60| n| i|mGubaiTor, respectively,
than that e tted fromthe reactigmnyxtyrg coptamimngt perfectly
mat ched tri @ ex conpr E%%%gl gw | dttiype hon zydous | hunmant génomi ¢ dsDNA
and wild-type probe Cb3’ 286C |( Sanf Q& YIS Bacheeyal udt ed after
conpar abl e peri ods of ﬁ@lﬁ)ﬁtﬁong" %L@ ?@@ § %a@é%@i &l et} uorescent
em ssi ons fﬁ)m 1§)p ClA grissEAt ch trip| exgs|ip A rga¢tion mixture conpri sed
of 1 ng vvlleBtypeE hompZygdu3 hunan gehonilc.|d$DNA and  put ant| ‘5 pr obe
C677T- MUT25¢ (sartpl e 2, Fig. 5) were P2% {5‘ 9.1 98% |989 ,a]n,d' 98% | ower after
5, 15, 30, 60 fin |ncubatiﬁn respegtivel ., than trlgse,emtted from
t he reactiorfs’uni xt re | ) & =
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containing the perfectly matched triplexes conprised of 1 ng wild-type
honozygous human genom ¢ dsDNA and wi | d-type probe C677T-W25C (sanple 1,

Fig. 5), wachossalssat ed after conparabl e periods of

i nc ebatiBmI05/05Bhe

triplex-associated fluorescent em ssions from1l bpCA 10 m smatch tripl exes
in a reaction mxture conprised of 1ng nutant honobzygous human genom c

dsDNA and wi | d-t

| ower after 5, 1B,

emtted fromthe
triplexes conpri
mut ant probe C67
. conpar abl e peri
and. specificity
mut ant f aet er ozyg
results were obt
for MIHFR C677T.
were ' 20., perfo
MIHFR . C677T (da
denonstrat ed whe
to 200 pg, were

mut ant probe C67
shown). 25 Wile
reference to spe
in the art that

wi t hout departin
of triplex assay

dsDNA anpHcon 15F

(mutant) 25-ner

(mutant) 150nMY]

triplex assays o
probes Target =

TABLE 4. Continued
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OTABLE 1. Conparison
's Target = CF 491 bp
(mutant), CF09.il5
tant), CF09725

3LE 2. Conpari son of
-nmer or 25-ner ssDNA

FHBores

argo

Sample
12) wt gDNA (500 pg) + FVL-MUT25C (1 bp G-T)

13) wt gDNA (200 pg)
15) wt gDNA (200 pg) + FVL-MUT25C (1 bp G-T)

14) wt gDNA (200 pg) + FEVL-WT25C (perfect)

6) wt gDNA (2 ng) +FVL-MUT25C (1 bp G-T) .
11) wt gDNA (500 pg) + FVL-WT25C (perfect) .

1) YOYO-1 (500 nM)
10) wt gDNA (500 pg)

5) wt eDNA (2 ng) + FVL-WT25C (perfect)
8) wi gDNA (1 ng) + FVL-WI25C (perfect) \
9) wt gDNA (1 ng) + FVL-MUT25C (1bp G-T)

3) FVL-MUT25C (3.2 pmole) (antisense)

2) FVL-WT25C (3.2 pmole) (antisense)
4) wt gDNA (2 ng)

7) wt gDNA (1 ng)




15-mer probes = delta F508-W15C (w ld-type), delta F508- MUT15C- ( nmut ant)
20-mer probes delta F508-W20C (wild-type), deltaF508-MJT20C (nut ant)
25- ner prwbesoss3gmit a F508- W25C (wi |l d-type), delta F50@chiBRBS0{3man ant )
600 nM YOYO | is present in each sanple . - 4-vTABLE 2. Conti nuedTABLE 3.
Conmparison of triplex assays of human genom ¢ dsDNA using 20-ner, 25-ner or
30-nmer ssDNA probes Target = human genom ¢ dsDNA, WI for MIHFR 20- ner
probes = C677T-W20C (wi |l d-type), C677T-MJT20C (mutant) . ' 25-mer probes =
Co677T-WI25C (wil d-type), C677T-MJIT25C (nutant) 30-ner probes = C677T-W30C
(wld-type), C677T-MJT30C (nutant) 500 nM YOYO- | is present in each sanple
, TABLE 3. Continued VOTABLE 4. Conparison of triplex assays of human
genom ¢ dsDNA in varying amounts Target = human genom ¢ dsDNA, WI for FVL
25-ner probes = FVL-W25C (wi| d type) FVL- MUT25C (nutant) 500 nM YOYO | is
present in each sanple QTABLE 1edTABLE Cont i nued SJTABLE 5.
Tri pl ex assays o hé%rmn geqom (: dsDI‘llé bt B [n€
genom ¢ dsDNA, o fpig ERIRY. |. S-msEJ Isels |=
(wild-type), 278P%5GE>A- BH25C] (rut & 00 fM
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Sample
9) wt gDNA (1 ng) + FVL-MUT25C (1. bp GT) .
12) wt gDNA (500 pg) + FVL-MUT25C (1 bp G-T)
13) wt gDNA (200 pg)
15) wt gDNA (200 pg) + FVL-MUT25C (1 bp G-T)

10) wt gDNA (500 pg)
14) wt gDNA (200 pg) + FVL-WT25C (perfect)

8) wi gDNA (1 ng) + FVL-WT25C (perfoc)
11) wt sDNA (500 pg) + FVL-WT25C (perfect)

6) Wt gDNA (2 ng) tFVL-MUT25C (1 bp G-D)__

5) wt eDNA (2 ng) + FVL-WT25C (perfect)
7) wt gDNA (1 ng)

3) FVL-MUT?25C (3.2 pmole) (antisense)

2) FVL-WT25C (3.2 pmole) (antisense)
4) wt gDNA (2 ng)

1) YOYO-1 (500 M)

TABLE 4. Continued
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is

contr ol

** Probe + YOYO I

is added. Reaction m xture is

t hen YOYO |

5 mn and then irradi at ed.
i 'wohkadea3sdser 5 min and irradi ated. Then gDNA i spaudBzhosisbiéhe

reaction mxture is incubated for 5 min and irradiated. TABLE 7. Tripl ex

assays of human genom c dsDNA enpl oying alternative reaction protocols

* Probe + gDNA is m xed,

i ncubated for

m xed,
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nucl eic acid; providing a probe conprising a probe nucleic acid sequence;
providing a hybridization m xture conprising the genom c sanple, the probe,
a hybri diwet2o@m3prsenot i ng agent and | abel s; incubating tPle/rbylosbsbiigat i on
m xture to provide an incubated m xture conprising a conplex of the target
nucl eic acid sequence, the probe and the | abels; irradiating the incubated
mxture with radiation effective to stinulate at |east sone of the |abels

to enmt energy; and detectfng &rom a|f| uoriegscent |siignalwhetifer the probe
perfectly nmt|8es the tarded snice & €| aci|d |seq(idhde,| {&|ther &y det ect
whet her the| ¢l ei ¢ aci d séﬁﬁ%ﬁceﬁi pfelsgnt | h| tihe ¢éhoni cBsanpl e, wherein
the detectijng ils conplete vﬂ}hin sTxtymmutesrof [po idin§ t he
hybri di zati m xture, and i @eg thog S comgigted wilLhout @enaturing the
dupl ex nucl gt §lacid and wit BuE FCR npl i fii ¢gtRpn R ‘ﬁLne dup ex nucleic
acid. 2. The|mgthod of cl d¥mZl§ Where¢ih ja siﬁé?e or| Ul ti pl € nucl eoti de
pol ynor phi sjmmr 3 detected. |3 “The nethoH lof| ¢l Ai JL-Wher ei nFore than one
said nucleic (agi d sequencg aweeodetieeted i the pgengnic|sa Ee by nore than
one said prigh&l 4. The net|®d izd & m 3, |wher8jn g hapl ofyEe is detected.
5. The meth@g=pf claiml1 ﬁhéﬁ@ingﬁawnrggcl)g cpl| gtatyis & San organi sm or
cell from whilch the genonile—sampte—wast-eptiaired+Hsdetect et S sai d
mor phol ogi clali-gt at us conprli;sEng &t | eapt gne_of | i inflonmati ogp= egardi ng a
stage of devglgpnentand infi’gonﬁtﬁon epar di ng|3| di qease st:%lf';-e. 6. The
met hod of c| a&p 1,,,wher ei n& BeEgenoni c| sanpl|8|Tpnprli $e$ | &g than 700
copi es of thd tlarget nucl €ic®acid seque 7) T 2t hod o8 claim 6
wher ei n t hel-genoni g sanpl g Q@Y s ses|apout 150 t ol dbgul 30D ccopi es of the
target nucl Qg% aci @ sgquen@%% Hhe meth <\‘ci,,,c: idh 6, [ wh in the genom c
sanpl e consj&ig esBenl al | vz of SWE enbr G| <ASSR QIR el | . :

- 9 g (2 5 E v NENERRIE

= S 5A ‘ '

37707
21835

* Probe + gDNA is mixed, then YOYO-1 is added. Reaction mixture 1s incubated foR5Z)
*¥ Probe + YOYO-1 control is mixed, incubated for 5 min and irradiated. Then gDN@

Sample

human genomic dsDNA, WT for CFTR
10) wt gDNA (2ng/80ul) + 2789+5G->A-MUT25C (1bp T-G)**

6) wt gDNA (2 ng/80 ul) +2789+5G->A-MUT25C (1bp T-G) &
9) wt gDNA (2 ng/80 ul) + 2789+5G->A-WT25C (perfect)** |

5) wt gDNA (2 ng/80 ul) + 2789+5G->A-WT25C (perfect) * .
7)2789+5G->A-WT25C (3.2 pmole/77.9 uh**-

8) 2789+5G->A-MUT25C (3.2 pmole/77.9 ul)**

3) 2789+5G->A-MUT25C (3.2 pmole/80 ul)

2) 2789+5G->A-WT25C (3.2 pmole/80 ul)
4) wt gDNA (2 ng/80 ul)

1) YOYO-1 (500 nM)

8) wt gDNA (2 ng) + 2789+5G->A-WT25 (perfect)
9) wt gDNA (2 ng) +2789+5G->A-MUT25 (1 bp T-G)

25-mer probes = 2789+5G->A-WT25C (wild-type), 2789+5G->A-MUT25C (mu

TABLE 6. Triplex assays of human genomic dsDNA employing ‘altemativg‘reac
500 nM YOYO-1 and 45 mM TMA-Cl are present in each sample =

min and irradiated.

Target
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wherein the target nucleic acid sequence bel ongs to a pathogen present or
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base interaction, such that the conplex is a triplex.24. The nmet hod of
claim1, wherein at |east one base of the probe binds to a base or a base
pai r of twe 2vavigeissby WAt son-Crick conpl ementary base i mcenBzis/ossiend/ or by
honol ogous base interaction, such that the conplex is a quadruplex. 25. The
met hod of claim11, wherein the probe andthe target nucleic acid sequence do
not bond together solely as antiparallel strands eyi ng Watson-Crick base

pairing rules. 26. The 43@99 ofy; clla j]l, wher el tthe radiagion is a |aser
beam havi ng a power densirg)g'gfg%@ t{ 84 |\Wcp@| seq. |2f. The fethod of claim
1, wherein the fluorescenr fSEgndiEWs clonpar ed| wi th |d|ref er eBce fl uorescent
signal to determ ne whether—the—probpig—a—perfegt—match foé the target
nucl ei ¢ acid sequence. 2&Q£gge~nethod ofl ¢lai mil,) Wherein tBe detecting
conprises nonitoring a cHakgg 5n thel fl Jongsgent |§|gnal ovem time to
det erm ne whet her the prgb%igexfectly ngt ¢Res| the={®rget nuéleic acid
sequence, and wherein an_irfcredse iln|the fl botesdent |si gnal Zover tine
i ndi cates a perfect nmatch and atggprBQSe iin|tpe fILorescentESignaI over
time indicates a lack of G &g mtch. |292| The met hod of Sclai m 1,
wherein the probe is proft ﬁ idiﬁ%e hyQriidizatji dn |mixtuwge gn a target
saturating anount, said target satiratirnglapmeHat—being %prmm
concentration in excess jof gagtarget tongentratijon, |and the gabels are
provided in the hybridizaigog B xtyre fin qll;:grrpl gx |s tu@ti g9 anount, said
conpl ex saturating amountEBEENG a | abe] ccﬁxewtratio? abdvegwhi ch
di scri m nati$n of e si%ﬁaﬁ “fr om backigriound kilgnal|s chmgeg at a first
rate | ess tHan a sg;ond rat ek mhicP t He || &4bkl| dorjcent r&ti en changes. 30.
The nmethod & claim1, kgt he | prohe has_a, l.gngt ef eckive to optinize
ener gy trand er or um gr %@L@@E ngﬁ@p} % ‘wl ai m 305 V\Eerei n
di scrimnatipn of fhe fljupkesgent si fRE| ™ RIRIBEkgr oundgsi ghal s is
maxi m zed by® ener gyt r angd & 2of - ener gy|-ni-gr on beat Veerﬁ;i ngr a- t ar get
i ntercal ated I'abel $ and probe-tanget-Hatiencalpte el s& . 32. . The met hod of
cl ai m 30, - whErein ﬁhe‘probe i's 20-30| blases- { bEs i rsZing ength. 33. The
met hod ofgc@?hpll,gmgere‘n a length of| tihe, poobe, ;ef%gte@ §0 as to

. R S i . =T

g

.

‘

pSL e

Sample

human genomic dsDNA, WT for CFTR

10) wt gDNA (2ng/80ul) + 3849+10kbC->T-MUT25C (1bp A-0)™D ®.—

6) wt gDNA (2 ng/80 ul) + 3849+10kbC->T-MUT25C (1bp A-&) = T ~

7) 3849+10kbC>T-WT25C (3.2 pmole/77.9 ul)** . -
9) wt gDNA (2 ng/80 ul) + 3849+10kbC->T-WT25C (perfect)*% © |

5) wi gDNA (2 ng/80 ul) + 3849+10kbC>T-WT25C (perfect)

8) 3849+10kbC->T-MUT25C (3.2 pmole/77.9 ul)**-

3) 3849+10kbC->T-MUT25C (3.2 pmole/80ul) - . =

4) wt gDNA (2 ng/80 ul)

2) 3849+10kbC->T-WT25C (3.2 pmole/80 ul)

1) YOYO-1 (500 uM)

25-mer probes = 3849+10kbC->T-WT25C (wild-iype), 3849+10k

500 nM YOYO-1 and 40 mM TMA-Cl are present in each sampl

* Probe + gDNA is mixed, then YOYO-1 is added. Reaction m

TABLE 7. Triplex assays of human genomic dsDNA empioyin
*¥ Probe + YOYO-1 control is mixed, incubated for 5 min and

min and irradiated.

Target
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34. The nethod of claimi1l,

and the probe has a length effective to

sat ur at i lgyoamw3Besst he | abel s are provided in the hybri @¢czaB2oosossiet ure in

wherein the probe is provided in the hybridization mxture in a target
a conpl ex saturating anount,

maxi m ze an intensity of the fluorescent signal.
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47. The nethod of claim1,
or pregnancy of the organismis

wherein the detecting is repeated under varied
wherein the genomc sanple is

a cancer one 2006/3Bmease state of an organi smor cell

conditions of the hybridization m xture.
sanpl e was obtained is detected,

determ ned. 48. The nethod of claim1,

46. The nmethod of claim1,
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59. The kit of claim51, wherein the | abels and the hybridization pronoting
agent consist of YOYO 1. 60. The kit of claim51, wherein the hybridization
pr onot i ngvegeswosdmsat | east one conmpound sel ected from Phe/rgrOspsaensi sti ng
of (CH3)4NCl, (CHs)3N-HO, NaC, Na SO4, Na2HPO4, and (NKU)2SO4. 61. A

met hod of detecting a nucleic acid sequence in a genomc sanple, said

met hod conprising: providing the genonic sanple conprising a target nucleic
aci d sequence [of _a sijngl p-ist|r anded [or| doub] e- 9t fapnded nucl ei ¢ aci d;

provi ding a pré@bg conpfiking® prpbe |Biclejc e§i d §equence; provi ding a
hybri di zati on | Eture coppri|§ijng thle |genon| ¢| qenp|®| the probe, a

hybri di zati on {pronotiing agent tand|liabelisji hcuhatii hg t he hybri di zati on

m xture to prcvgg%ar i ncupdt ed|{m xt ure ¢opprilsiing a conpl ex of the target
nucl ei ¢ acid s%qgﬁngn t hel grabe and [t he|l abells; agpl yijg energy to the

i ncubat ed mi xt|gr & 26| ect |y& €D _eL |BIF|H _$L 0% & EoR| t he hybri di zati on

m xture; and c@téc@ﬁ}ﬁ ?'Ebrﬂi:qre s{Qpaky|Wherhies d1geprobBe perfectly matches
t he target nucl‘ge%csg‘j:i d seguence, {tp [t heteby| detiect | whet her the nucleic
aci d sequence |iESPpgedent |ip |t helgenpni q sanp| d, |whefeirgthe detecting is
conpl eted w t frm—sTXt[y noties of [ pyavi|dijng of| f{he 1ybﬁ di zati on m xture,
and t he net hod gg corduct ed (wht hout| denatuti ngef|hezduplgx nucleic acid and
wi t hout PCR ang gfi cgtifon of\g he dupliex nuel ei|&lackd. 62. The nethod of
claim 61, wher|& A suljsequentitq the | ncubating |stlep andfprior to the

appl yi ng ener gy. StEp,[ the | ncybat ed Xtyrée J g flunt her g ncubat ed under
condi tions sugtp §D t=|t he| probg di sapsjoqi at es| firam|t he t@r get nucl eic acid
sequence, and |wh&rseif the detecti =S ARG IS esadet e mning fromthe

si gnal whet her| & Be= i ohe| B |@|SaSspR REEned|BeS ar gt nucl ei c aci d
sequence and tﬂéegc%)@i ti pns~|61| i{n¢u sP |&4~1 3| det®er ni ne whet her the
pr obe perfectlf&aﬁc“hes the tdrgef ni arild [seqiiende. 63. The nethod of
claiml, where-h—subsequeni—tg—the -rg—istiep—and Prior to the

appl yi ng energy step,| tthe .| ncubat ed 2 | §| flunfher % ncubat ed under
condi tions. such that the . =

IR-WT25C*

Sample

15) B. globigii gDNA (100 copies/80 ul) + bglIR-WT25C * . ‘

10) B. globigii gDNA (100 copics/80 ul) + bglIR-WI25C *
16) human gDNA (302 copies/80 ul) + bglIR-WT25C *

11) YOYO-1 (300 nM)
14) bglIR-WT25C (3.2 pmole/80 ul) (antisense)

5) B. globigii gDNA (100 copies/80 ul) + bglIR-WT25C *
9) bglIR-WT25C (3.2 pmole/80 ul) (antisense). " .. . ..

4) bglIR-WT25C (3.2 pmole/80 ul) (antisense)
6) YOYO-1 (400 nM)

7) B. globigii gDNA (100 copies/80 ul)
12) B. globigii gDNA (100 copies/80 ul)
13) human gDNA (302 copies/80 ul)

2) B. globigii gDNA (100 copies/80 ul)
8) human gDNA (302 copies/80 ul)

3) human gDNA (302 copies/80 ul)

1) YOYO-1 (500 oM)

17)BG gDNA (100 copies) + hgDNA (302 copies) + bg
% Probe + gDNA were mixed, then YOYO-1 was added. Rge_ni‘tti'gig_fnix

TABLE 8. Continued
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probe di sassociates fromthe target nucleic acid sequence, and wherein the
detecting step conprises determning fromthe signal whether the probe is
di sassociwbeadodio3sisst he target nucl eic acid sequence andpPChaBmosdssiéons of

i ncubation, so as to determ ne whether the probe perfectly matches the
target nucleic acid sequence. 64. The nethod of claim 1, wherein the probe

conprises one Or _nore parts, an t |east one of the parts is 5 to 30 bases
in length. 65.| The ngthod pfi glaiml, wher ¢i h la |separation step is
perforned bef grest he (i nradj ad|ng $t pplS|66. The%etgnd of claim1, further
conprising a s@@ of |proyi di|my at | palst| gné Dl |ogki|Ng probe to suppress
bi ndi ng of the_probelt -itarger ksdquence lofl the genom c sanple. 67.
The nethod of |¢f aign 1, \wherejn the goppl ex)agtis jag a photonic structure for
col l ecting photoie - nerggy rég transferriné; enerigy, o a;signal emtting
| abel . 68. The Erétﬁ of 1&lglign.l,, ﬂ/ﬁ@icr :ﬁ%s} epg|of ¢ he nmethod are
| © > N o d . ot .
repeat ed nore t@% ce {8|Pravildedrmry t hah | Hyhe | di zatgon m xture and nore
t han one fl uoriesgents|siignal ,| draovi ded| tihat (each thybri dization mixture is
formed by corrbpl?npng tlhe genomijc |sanpl g,| tthe propbe,] the $ybridi zati on
pronoting agent and tjhe Tapel § iinfafd] fiferen sequence.§9. The net hod of
claim1, whereihgthe detéctig gonpfiggs mfn tigrli Nl a céhange in
fl uorescence Sotrgpy of | th f|l uoresglent |signal |Byer Zime to determ ne
whet her the pr{ob€ perffectly matches|the tlagjget| nudl ¢i c Acid
sequence. SEQU I\LC%(L,I STIING PAT/|l B200%/ P53162 110> |Emksagmn, der , , DV i s
. . Ta pi PCT Pe@@gﬁ(@py NOT|f gr {stbm [sgi ¢n) 130> El(%W/ 20251 <150> US
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<213> Synt heti c<400> 4 caccaaagat gatat 15 PCT/|B2005/0531 62 PCT Paper
Copy ( (NOT for subm ssion) <213> Synthetic <400> 5 caccaaagac gatat 15
<210> 6 <RODLvoclB308R12> DNA <213> Synt hetic <400> 6 caccacagproogiesaé2 15
<210> 7 <211> 25 <212> DNA <213> Synthetic <400> 7 taggaaacac caaagat gat
atttt 25 <210> 8 <211> 25 <212> DNA <213> Synt heti c <400> 8 taggaaacac

< > <211> 25
caaagacgat atttt 25 <210> 9 CLADMS

WHAT IS CLAIMED IS:
1. A method of detecting a nucleic acid sequence in a genomic sample, said method
comprising:
5 providing the genomic sample comprising a target nucleic acid sequence of a duplex
nucleic acid;
providing a probe comprising a probe nucleic acid sequence;
providing a hybridization mixture comprising the genomic sample, the probe, a
hybridization promoting agent and labels;
10 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 stimulate at least some of
the labels to emit energy; and |
detecting from a fluorescent signal whether the probe perfectly matches the target nucleic
15 acid sequence, to thereby detect whether the nucleic acid sequence is present in the genomic
sample, 7
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.

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

detected.
3. The method of claim 1, wherein more than one said nucleic acid sequence are

detected in the genomic sample by more than one said probe.
4. The method of claim 3, wherein a haplotype is detected.
25 5. The method of claim 1, wherein a morphological status of an 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 development and information regarding a disease

state.
6. The method of claim 1, wherein the genomic sample comprises less than 700
30 copies of the target nucleic acid sequence.
7. The method of claim 6, wherein the genomic sample comprises about 150 to

about 300 copies of the target nucleic acid sequence.
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<212> DNA <213> Synthetic <400> 9 taggaaacac cacagatgat atttt 25 <210> 10
<211> 15 <212> DNA <213> Synthetic <400> 10 atatcatctt tggtg 15 <210> 11
<211> 15 wdblos/B3b0&8<213> Synt heti c<400> 11 atatcgtctt t @grgBiss/053162

PCT/ 1 B2005/ 053162 <?1 0> 1? 3/6 PCT Paper Copy ( (NOT for subm ssion) <213>
Synt hetic <400> 12 atatcatctg tggtg 15 <210> 13 <211> 25 <212> DNA <213>

Synthetic <400> 13 aaaatatcat ctttggtgtt tccta 25
8 The method of claim 6, wherein the genomic sample consists essentially of

contents of a single cell.
9. The method of claim 1, wherein the detecting is conducted in a biological cell.
10.  The method of clajm 1, wherein the genomic sample is more than 5 kb in length.
5 11.  The method of claim 1, wherein the genomic sample is undigested throughout the
method.
12. The method of claim 1, wherein the target nucleic acid sequence belongs to a
pathogen present or previously present in an organism or a cell from which the genomic sample
is obtained.
10 13.  Themethod of claim 1, wherein the probe, if unitary, is a single-stranded nucleic
acid or nucleic acid analogue of 15 to 30 bases in length.

14.  The method of claim 1, wherein the hybridization promoting agent is an
intercalating label.

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

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

17.  The method of claim 1, wherein the labels are intercalating fluorophores which
also constitute the hybridization promoting agent.

18.  The method of claim 1, wherein the hybridization promoting agent is a

20 kosmotrope.

19.  Themethod of claim 1, wherein the hybridization promoting agentis a cation of
a compound selected from the group consisting of (CH;)sNCI, (CH3):N-HCI, NaCl, Na,SOy,
Na,HPO,, and (NH)2S0;.

20.  The method of claim 1, wherein the labels are non-intercalating fluorophores.

25 21. The method of claim 1, wherein the incubatjon perioéi is from one to ten minutes,
aﬁd the method is completely practiced in less than fifteen minutes.

22.  The method of claim 1, wherein the hybridization mixture is maintained at a
temperature of 20 to 40°C throughout the incubation period.

23. The method of claim 1, wherein at least one base of the probe binds to abase ora

30 base pair of the target by Watson-Crick complementary base interaction and/or by homologous

base interaction, such that the complex is a triplex.
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<210> 14 <211> 25 <212> DNA <213> Synthetic <400> 14 aaaatatcgt ctttggtgtt
tccta 25 <210> 15 <211> 25 <212> DNA <213> Synthetic <400> 15 aaaat at cat
ct gt ggt gtwoto@is3@8 <210> 16 <211> 15 <212> DNA <213> SyatrhBiaos0s460> 16
aacaccaatg atatt 15 <210> 17 <211> 20 <212> DNA <213> Synt hetic <400> 17
t aggaaasac caaagatgat 20 <210> 18 <211> 20 <212> DNA <213> Synt heti c<400>

18
24.  The method of claim 1, wherein at least one base of the probe bindsto abase ora

base pair of the target by Watson-Crick complementary base interaction and/or by homologous
base interaction, such that the complex is a quadruplex.
25.  Themethod of claim 1, wherein the probe and the target nucleic acid sequence do
5 not bond together solely as antiparallel strands obeying Watson-Crick base pairing rules.
26. The method of claim 1, wherein the radiation is a laser beam having a power
density of about 84 W/cm?/sec.
27.  The method of claim 1, wherein the fluorescent signal is compared with a
reference fluorescent signal to determine whether the probe is a perfect match for the target
10 nucleic acid sequence.
28.  The method of claim 1, wherein the detecting comprises monitoring a change in
the fluorescent signal over time to determine whether the probe perfectly matches the target
nucleic acid sequence, and wherein an increase 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
15 match.
29.  The method of claim 1, wherein the probe is provided in the hybridization
mixture in a farget saturating amount, said target saturating amount being a probe concentration
in excess of a target concentration, and the labels are provided in the hybridization mixture in a
complex saturating amount, said complex saturating amount being a label concentration above
20 which discrimination of the signal from background signals changes at a first rate less than a
second rate at which the label concentration changes.
30.  The method of claim 1, wherein the probe has a length effective to optirhize
energy transfer or migration.
31.  The method of claim 30, wherein discrimination of the fluorescent signal from
25 background signals is maximized by energy transfer or energy migration between intra-target
intercalated labels and probe-target intercalated labels.
32.  Themethod of claim 30, wherein the probe is 20-30 bases or base paits in length.
33.  The method of claim 1, wherein a length of the probe is selected so as to
maximize an intensity of the fluorescent signal.
30 34.  The method of claim 1, wherein the probe is provided in the hybridization
mixture in a target saturating amount, the labels are provided in the hybridization mixture in a
complex saturating amount, and the probe has a length effective to optimize energy transfer or

migration, -
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at aggaaaca ccaatgatat PCT/|1B2006/ qS162 4/ 6 PCT Paper Copy ( (NOT for
submni ssi on) <212> DNA <213> Synthetic <400> 19 ataggaaaca ccaatgatat tttct
' 25 <210w02006133a8% 20 <212> DNA <213> Synt hetic <400> POTUBZ0§BL3g6A
atcggctccc 20 <210> 21 <211> 20 <212> DNA <213> Synthetic <400> 21
t gat gat gaa atcgactccc 20 <210> 22 <211> 25 <212> DNA <213> Synt hetic <400>
22 tgatgatgaa atcggctccc gcaga 25 <210> 23 <211> 25

35.  The method of claim 1, wherein a preliminary mixture comprising a buffer and

water is subjected to an applied electric charge effective to enhance a sensitivity of the method,
and at least a portion of the preliminary mixture is subsequently incorporated into the
hybridization mixture.

5 36.  The method of claim 1, wherein the genomic sample is added to the hybridization
mixture after the probe, the hybridization promoting agent and the labels.

37.  The method of claim 1, wherein the hybridization promoting agent or the labels
are added to the hybridization mixture last.

38.  The method of claim 1, wherein the genomic sample is purified, semipurified,

10 unpurified or diluted.

39.  The method of claim 1, wherein levels of gene product expression in a genomic
sample are detected or gene product expressions of at least two genomic samples are compared.

40.  The method of claim 1, wherein the hybridization mixture further comprises a
plurality of probes that bind to sequences of the genomic sample adjacent to the target nucleic

15 acid sequence.

41.  The method of claim 1, wherein the probe comprises an emission quencher and at
least one of the labels.

42.  The method of claim 1, wherein the probe is modified by at least one linked
moiety. . |

20 43.  The method of claim 1, wherein the labels comprise FET, FRET, energy
migration or redox sets.

44.  The method of claim 1, wherein the labels comprise quantum dots.

45.  The method of claim 1, wherein nucleic acid sequence repeats, insertions or
deletions are detected.

25 46.  The method of claim 1, wherein the detecting is repeated under varied conditions
of the hybridization mixture,

47.  The method of claim 1, wherein a cancerous or disease state of an organism or
cell from which the genomic sample was obtained is detected, or pregnancy of the organism is
determined.

30 48.  The method of claim 1, wherein the genomic sample is obtained from a human
sample of tissue, buccal cells, blood, fluid, sputum, urine or feces, and labeled with a molecular

identification tag adapted to identify a source of the genomic sample.
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<212> DNA <213> Synthetic <400> 23 tgatgatgaa atcgactccc gcaga 25 <210> 24
<211> 30 <212> DNA <213> Synt hetic <400> 24 gcgtgatgat gaaatcggct cccgcaga
sa 30 <21Wo 28&/032BE> 30 <212> DNA <213> Synt heti c<400> 26TaBHSAL3get

gaaat cgact cccgcagaca PCT/ 1 B2005/01 62 5/6 PCT Paper Copy ( (NOT for

subm ssion) <212> DNA <213> Synthetic <400> 26 ccctctgtat tcctcgcctg tccag
25 <210> 27 <211> 25 <212> DNA <213> Synt hetic <400> 27 ccctctqgtat
tccttgectg tccag925 Themethod of claim 1, wherein the probe is provided on a support selected from

the group consisting of a bead, a plate, 2 membrane, a film, a microwell, an electrode, a column
and a capillary tube.
50.  The method of claim 1, wherein the probe is provided on a silver island film.
5 51.  AKkit for practicing the method of claim 1, said kit comprising:
the probe;
the hybridization promoting agent; and
the labels.
52.  The kit of claim 51, further comprising a container in which the hybridization
10 mixture is provided.
53. The kit of claim 52, wherein the container is adapted to collect sputum or the kit
further comprises a sputum collection device.
54, The kit of claim 52, wherein the container comprises a molecular identification
tag adapted to identify a source of the genomic sample.
15 55.  Thekit of claim 51, wherein 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, a column and
a capillary tube.
56.  The kit of claim 55, wherein the support is a silver island film.
57.  Thekitof claim 51, wherein the prdbe is single—sﬂmﬁed and contains a hairpin,
20 or is double-stranded.
58.  The kit of claim 51, wherein the labels comprise dimeric cyanine dyes.
59.  The kit of claim 51, wherein the labels and the hybridization promoting agent
consist of YOYO-1.
60.  The kit of claim 51, wherein the hybridization promoting agent is at least one
25 compound selected from the group consisting of (CHz)sNCl, (CH;)sN-HCI, NaCl, Na;SO,,
NaHPOy, and (NH.),SOs.
61. 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
30 single-stranded or double-stranded nucleic acid;
providing a probe comprising a probe nucleic acid sequence;
providing a hybridization mixture comprising the genomic sample, the probe, a

hybridization promoting agent and labels;
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<210> 28 <211> 25 <212> DNA <213> Synthetic <400> 28 aat aggacat ggaatactca
ctttc 25 <210> 29 <211> 25 <212> DNA <213> Synt hetic <400> 29 aat aggacat
ggaat at t cwoQbEa33®B8 <210> 30 <211> 25 <212> DNA <213> SyatrhBiaosos4e0> 30
gtgtcttact cgccatttta atact 25 <210> 31 <211> 25 <212> DNA <213> Synthetic
<400> 31 gtgtcttact caccatttta atact 25 <210> 32 <211> 25 <212> DNA <213>
Synt heti c<400> 32

incubating the hybridization mixture to provide an incubated mixture comprising a

complex of the target nucleic acid sequence, the probe and the labels;
applying energy to the incubated mixture effective to elicit a signal from the

hybridization mixture; and

5 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 detecting is completed within sixty minutes of providing of the hybridization
mixture, and the method is conducted without denaturing the duplex nucleic acid and without
PCR amplification of the duplex nucleic acid.

10 62.  The method of claim 61, wherein subsequent to the incubating step and prior to
the applying energy step, the incubated mixture is further incubated under conditions such that
the probe disassociates from the target nucleic acid sequence, and wherein the detecting step
comprises determining from the signal whether the probe is disassociated from the target nucleic
acid sequence and the conditions of incubation, so as to determine whether the probe perfectly

15 matches the target nucleic acid sequence.

| 63.  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
probe disassociates from the target nucleic acid sequence, and wherein the detecting step ‘
comprises determining from the signal whether the probe is disassociated from the target nucleic

20 acid sequence and the conditions of incubation, so as to determine whether the probe perfectly
matches the target nucleic acid sequence.

64.  The method of claim 1, wherein the probe comprises one or more parts, and at
least one of the parts is 5 to 30 bases in length.
65.  The method of claim 1, wherein a separation step is performed before the

25 irradiating step.

66.  The method of claim 1, further comprising a step of providing at least one
blocking probe to suppress binding of the probe to a non-target sequence of the genomic sample.

67.  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.

30 68.  The method of claim 1, wherein the steps of the method are repeated more than
once to provide more than hybridization mixture and more than one fluorescent signal, provided
that each hybridization mixture is formed by combining the genomic sample, the probe, the

hybridization promoting agent and the labels in a different sequence.
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tattttgatt ataggacatg aagat 25 PCT/|1B2005/053162 " " 6/ PCT Paper Copy (
(NOT for subm ssion) <213> Synthetic <400> 33 gcaaat aacc gagtgtaaca tccat
2 WO 2006/033088 PCT/IB2005/053162

gl

69.  The method of claim 1, wherein the detecting comprises monitoring a change in
fluorescence anisotropy of the fluorescent signal over time to determine whether the probe

perfectly matches the target nucleic acid sequence.
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