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*159159* TITLE OF THE | NVENTI ON:  GENOM C ASSAY
SPECI FI CATION 5 BACKGROUND OF THE I NVENTION I. FIELD

OF I NVENTI ON The invention r ays of
genom c material, and nore p mmmgmm%mmmm 0 a nethod
and a kit for detecti ing du

quadr upi ex hybri di zati on of nucIeP&”%C|ds .
DESCRI PTI ON OF RELATED ART 10 W have preV|oust

di scl osed speci f i CEITLY OBGHEANVEYEON- Cri ck quadr upl exes

and other specifical hynEoundsdon- canoni ca
guadr upl exes, triplexes and duplexes in, e.g., US

_Fljﬁt ent NobI 6, 656, 692 mgm@naat ent No. 6,927, 827

ose publications provide a nce regarding

the sel ection of# SE%PQHPP&? qﬁ?@@%g%ggflon condi tions

:ﬁ ObﬁalnﬂﬁﬂNC@ﬁNVENTMEWlous nult|plexgik§fisclosed
erein, inclu a[a [ larly thod

dupl eXidnventipp rﬁﬁtgig S Of%lc“%fmc %Qﬂtés? Cgrﬁndr ng 15 in the

haiPkiOgolstcthE dhmxsmlnlemdcpk qmrtuwf:x hygébzaaprs%f “HP“BC a"lﬂét ent

No. 6,420 ks ep gy, U S, Patent No.
6, 403 313D%&533@§F£ et. al. and copendlng U, S

Appl | Wabive preieHsly ﬁ@g{pqegfpeclmllv bg@giéw mg@:gx&lsquma'ﬂw F:ieg%lgtgfner
gpc'i Bunillﬁon—u%%al d@@cﬁﬁﬁle&@s tripexek ﬁfdﬁ@ﬂebxﬁgn e.g., U.S. Patent No.

ments, it is_des] ovi de addi ti.onal o
658441 U-Ssa 7 1 B RIS DR g eswang
SROSlebon f apfnfbbrldeﬁet hvaﬂdizaltxéﬂ doaditias tol dotamsm:pa‘j'thq aribugmiulfiplexes
a‘g‘%&{?‘?j%\]{f\,{j‘cf %ngd) v)3 a%ggarallgqul%&é §lﬁf69f.r5 or quadru;lﬂexes blrid%nu

S eguences 0 es
i B tifetibmdlgoavor Welewi-Eric o6t SralR HeS- FegEo. 470, Hpfaslonstal.

d Btselgattetn%o g ‘Zo"rb% lco%eﬁis@&' o 2RI BPELES S I PRre SO} ationTRBTLER

|f |n8 he nuclelc acid sequences. It is
shpIZDOWQ]f‘@%P“@I’é@ Serients intiGve the sensitivity and
nmor e FREHE a{c&bxygoaﬁdicﬁfﬂbﬂn&blb yit iscliesed foyproYiee aidigipdl means for

em t1ed b %m w?rlcﬁ%Il?nsgnsm%gc%ﬂugan?;eilabllé’]tlefs%%ﬁtucu!grﬁ' dﬁluled e

erein are I ncorporated herei'n by
r gfoeiienaieds, mdkiefor asepring pusielcagid seqBRgeEYE ORISR Eﬁﬂtﬂilf{” e

| yc\eégb{mo ?}lvﬁ‘g GeLdER glryot ddifd€orl dTViRMd QR s&{u@MﬂeﬁﬂS‘gex&nﬁﬂihhﬂeh

in nucl ei¢c_acid se uenc
o e sk ot SRR COMBTHSERG  BrA0) FEPFIRE ' HORE &

S IRk Giry@ R HRdrt SbRgelRardadlGeL iderticy teisignahenitledde the bindieg reskticq of |
dupl ex = 30 nucl eic acid; providing a probe conprising
a‘ﬁ?ﬁ%e nucl ei ¢ acid sequence; providing a

hybr i dilzafetenns erieg hareim are drprpirasedhgreinthis refsenspringhed sAts etiss

the probe, a hyprdidalsRF damivegTREENt and
| abel s; X111111 111IIIIIIIII (111 111112111

* 000 OQdCOI'IdeIM btaathlvﬁgnop ﬂ?@vﬁfﬁ@rﬂf CHIP(% %ftdFtB‘ﬁm 0} Wlﬂc é'm{i ggquence ina

Pr QVdniEsafpie, sB@Hx@lﬂ&cE&:rrﬁﬁhéiﬁoure conprising a conplex of
the target nucleic, uenc

| abel ORI PG L PROTTH Qe Dt R o Feapls

r agkietbsdd effective to stinulate at | east some of the
| abel Sprto Q dlgm };mb%rggglg.}’smg%%be nucleic acid sequence;

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

hybridization promoting agent and labels;
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5 detecting froma fluorescent signal whether the
probe perfectly matches the target nucleic acid
sequence, to thereby detect whether the nucleic acid
sequence is present in the genomc sanple, wherein
the detecting is conpleted within sixty m nutes of
provi ding the hybridization mxture, and the nethod

i s conducted wi thout denaturing the duplex nucleic

aci d arudating tthecwbridizeGorPORusep IpFdvide ab ingebatsfl mikfure ¢orpirising a
%&ée& G i Gheflt mE:Mc DR kedbRY il bk &dahemiaod of

cting a nucleic acid sequence in a genom c sanple
sai d W@@‘ﬁﬁ‘a the BRI RRGTe ‘b‘ﬂ‘d?ﬁ‘a&i’fffﬁf°‘tﬁﬂ%t° fféﬂ% 3 leastipmE of the
Clt¥fié &hil@ergR and ar get nucl ei ¢ acid sequence of a
si ngl st randed
M e e Y e
seguequees, (ptherstydietagt venethsritire rultlzia tdidsequenset isipresetomhe EPMY
the 1genom c sanple, the probe, -a. hybridization
prohoting. agent and | abels; incubatin
hybr i #here thefetastingis qompletsd ity sigks mimtes ﬁfgfmyatﬂedbCr?iY?(td!}F@n

Cﬁmﬁé SRS n?ethomramdeeiemehbmeedaﬁﬁﬂg%e a%rék b cfeicHid Ana without
uence, probe and the | abel s; appl yi ng energy

t%c ﬁ%plﬁff?eﬁfb%fftedl“W’S&“@F‘éa ‘fective to elicit a signal
from Flewer provited @b mathbddT dicxiig Hmacleieunit s@ieme i a pgndicsample,
thea SI naI whet her the probe perfectly nmatches the
SRt rd1 (EHEP'e aci d  sequence, to thereby detect
vvh et hervitling the gerlowiccsaaple doreigue A tegef Biclyicasidntquense efpesingle
50 6r SENRLEnded WREREELA. t he detecting is conpleted

W|t In sixty mnutes of providing of the hybridi zatlon

25 i RIotiABE 2 prARE COMBISASEPEGC Pusleic@pid sRIBEEE: Wi t hout -

denat wrviage taﬂ@bﬁﬁiﬁh&?( middGt Rbriprafk dheaftlomic t BAME, mPgabe 4.
aFRarndl txcnatrloxgcl;]tmoa en and g.glgl ex nucleic acid. Aso
FES P EETRPE O "practi cing the nethod of the

T nventicorminRy BRTOESORMRIOHN ORAGEVERAb EVEeQRT g A

DRAW NGB a%eannaemamos@aawe ol 8RO B T N

c.conjunction:w t h | owm ng:drawi ngs in which-like

30-r efaerﬂéwcel%rferfaﬁ gwb*@l’sefi d’ﬁ‘é‘f‘@ §ifegtiye él—‘ SHehe siggplgirom the:
Whesi@izilion ix@ke; add, 2, 3, 4 and 5 are graphs of

o SRR TR BSOS IO s
t issyenc® tOIDEEN defeD WDEBERicRIYIBNCcdiseqii¢des i pivEenfTn @\Emlhmle
previ Q\H]%JCM tﬂé 'dégétxf?a?‘l?gm{pn%d %mﬁﬂufty rﬁmlk;lés%%r&gdxﬁgof %s hybri dxzatlon

het er opol yneric strand nuclei c

S [FeETre.jagd thy mehadds %ﬁd“a‘a‘bwé@?“‘ng@“em%tha é‘i‘péFxtan%‘i 4‘?&"’“‘1 thhout
d@@k@?ﬁafﬂdmoﬁbﬂhﬁﬁbﬁx nédeic acidl sCl osure provides the

means ences. o in . naturally
occur %’é’“ﬁlﬁiﬁ&éﬁg’g? VCtglnﬁg‘eF‘éﬁﬂ‘i?félﬁ ISRIRE | cal |y
react i veBRIEF RESRIRIGON ©FGEVBRSEYIEWS QF THEDRASVINGSd
whil e t o
or evi Qe e B @Rk PRl bl or R Blsip i e
Seferenge ppmerald dgignfig tikeplemepnpanddvhg®®; 692 and U. S. Pat ent
No. 6 I’Qéjl ‘9274 anty\?argé'yﬁls @f’ﬂ%@rcg&ﬁﬁe %ggain%cubahontlme showing
het eropol'ymeric nucleic acid or their
arﬁlmvegxeegyﬂor:‘aﬁurgﬁé@iwmsem Irﬂﬁnsm war %e each ot her by
honol ogous base bonding as well as by Watson-Crick
base interaction, and that base bonding is not limted
to 10 strands having antiparallel directionality
relative to each other. 1d. Thus, heteropol yneric
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nucl ei ¢ acids (and/or their anal ogues) can
specifically bind to each other with parallel or
antiparallel directionality, wherein the bases bond by
honol ogous base bondi ng and/ or Watson- Crick base
bondi ng rul es. Qur disclosure of binding notif
preference of nucleic acids was simlarly
unrecognizedAgreV|ouH%¥ and is |ikew se of capital

i npor t ance FTALEER RESGRIVEED| (igTHEISFATIN ¢ conpl exes

care mdwelpyevroemmmeadmeepebﬁvblﬁgn:bﬁaﬁet&i@ao%kﬁdma to duplex

Vlt 0 u rea ava instrunents an

sl A it PR e R PR SIS ] T LB P Agie. O
. disclosihé plhﬂﬂﬁ tfpm&‘ans tbmlhiyh sebusik st Bﬂ;est ihedturfly Gcchrﬂﬁgﬂilﬁlbm@ﬂav

OEC rcndcretp gp@%ﬁceﬁ% rcacuve tg) £ s% U%B gto?%ages én egtgnx{d s?rgnﬁ a nd/. gglgg staq;?y

d p%reql mrhe ﬁmlmamr@)ﬁouﬁlh@rm@warli fagtof cableﬂ ldeor@octce@be fergoBhS. Patent

bR k36, @cﬁdané weﬂ@&te%t b 627,03 L fRE a%&scgged%@mr&%%m
noi se) increasing 20 binding affinit

s Mk amé% @Wtﬂwralralqsw}%%mwﬁﬁar E‘H%Eﬁl’ efca oget bygﬂ@"lﬁﬂ%b‘@sc

aa@ﬁﬁg as(\be)n e ega WRAG- (ﬂﬂ:k blxe mddrm;mafaﬁd tﬂ:itbé‘se Béndk S limited to
ched tar

stre of t and
el b BT SRR e i R Y58 0 8o ssromere
nowlem @k (3d/os tyie palozathen spaifgahytigrdsto ehahadtieelivity ppraleb er
| grgg%rglel Men%ﬁalﬁ}%ﬁe%ﬁ& akeggcm bg ﬂcgn%%ﬁ?\&%% §o‘% N d/grnwgson-
concentration, ose can achi
uﬁe%pl@eet kogdingBilen.e Aut disslogire @?MqusnoﬁAerefsrcdqw@ lmyclewt doigls was

| SRR BRc M ;ﬁiﬁhﬁ)uﬁy aﬁatxmgwlfspéf A RAnRUS]! 61 the RfckSIng
bi ndi_.ng, wherein- | east. one of the foregolng

pa%csﬂ%%ow?xqsgfcaﬂ%ﬁ%ﬂ‘w‘d? a4 Baen %-‘itcawed léwrr@esengrqaﬁlvavaﬂabie
ad@irdnieatd and«NEagEtﬂSl\hsEﬂ wmedr asie ;mamkmd céddfibnsenabl es

: det eCt\*/ ohave revxouni 815&(95%(1 Crgagmp l?cu a’uﬁou : Iezrmbia n a C[gfq)e mcubatmn

tar get, suc urran

: oﬁsﬂn@nw@rrﬂg&rgﬁt wgioat@mt W@fl%awg@tmmvm ﬁsrdsm@ﬁonmﬁhc:sﬁmim

am@de&w@a fom bdiRerftin€ S8l (ﬂetn@fdre% Br Sk RRACHEE ? (S
m.nut'es, gv referablégless than fifteen

b R S S L B ol BB T pehe s decrnsing
| binding iaffinite pC ciypa SEaBtht dfemisBacian digdt ot Gae OfS. Patent
NQy gﬁltcat‘fjolﬂmlﬁgano NoPJoBXo@pfls Or  quadr upl ex conpl exes of

el c acl or analogues thereof). 3 Nucleic
ac id sWe Wd%ﬁchwe'm}ﬂﬂ@r rarpmetdisy indedingpebe length, fithie concentration,
C Q4AdE BdrcaonWing 81 BRbedSatibh) Alhoss bRtk Ofn RRPRSIESected
directionality, i.e., which are antiparallel 1n therr
oPFERtEHSE t 0 one another, form a dupl ex through

WAt so mﬁrhlﬁ@y,mmkﬁw}b\a&cya xhétﬁtﬂif&@ss@ﬁnghﬁbgﬁcfaﬁﬂ BISdRRCHhc¥gn
the target

e op? e fORRG b S8 b AR e R DA a1 o
st r ands a28ditdye yenpw\Aitdon 2Onetodd tharsenales deteadonr off £ Swdldtide
{ BEURGDiG RYGLUARGL Ot B8kl J;Dﬁg?@wog%ﬁ%@ﬁc%o% DFine target,

i nventi on. taln up exes accor
i Hplsappiiber é\ﬁth?qﬁ@f Whithere aregfvare. teomigset s’ethm@n tcomducted ipfess

Nigzh ﬁk@ mﬂﬁll'eg, aﬁ@-ﬁ@%x@lﬂ) Téﬁé@llaﬁ GecAGlight@Nah Qﬂ%%?a):urmg temperature.
hybrl zed in paral rel ati on to one another,

wher ei ﬁ‘e dpetior ’%P°’8Paﬁ5t3? 1 e @ndor frarationt aa‘@hd%mué@wé/or
bas@rupiak edniplexesof Watekabid faidrds abddsghes Harep@ll i NQ.

Conventi onal w sdom hol ds that such duplexes do not
exist, or at |least would be extrenely unstable due
to, e.g., backbone irregularities necessitated by the
conformational requirenments of parallel base bonding.
Even nore surprising is our discovery that-under
appropriate hybridization conditions, honologous
bondi ng, preferably pronoted and signal ed by YOYO 1,
denonstrates specificity 15:, and stability rivaling
that of -Watson-Crick conplenentary antiparalle

dupl ex.
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The invention al so enconpasses dupl exes containing two
strands of nucleic acid (and/or nucleic acid

anal ogues) hybridized in" antiparallel, relation to.
one -another, wherein; specific binding is through

honDIogous base pairing. ..As used herein, the terns
"Wat son-Crick base.pairing”, '.'conplenentary base
pairin 20 and the. like are intended to define

specrf‘%wﬁ§§6%?%¥ﬁﬁﬁ"ﬁ@@%@@%ﬂﬁpb@sﬂwgmwﬁﬂadﬂawémﬂwmsmm
p &t &s. of Bfposith UiedcRéralitdG E dwm&ﬁnﬂékbﬁél & tﬁeu%lsgatﬁg Y o GH6ther,

ran nd/ or
Shrity Re R B BT ol intak o Chmppipsee bses The
d @g@mg ecthdn efipeibp andltlrmdrgmimkgrcpaﬁ slpleade sdHﬁh&&W@&lﬂparallcl strands

b a i | Ii rle g X %lr'rlad
220 ot WAL Bt ARy Ele bbb BB P RR BB Bfn
bﬁg@m@bndlng and "conpl enmentary base bondi ng" are
I nt endRdaid @Jp@ﬁé@ Q&%ru%é o NeRhn Qﬁttﬁéﬁaﬁxgr h&cﬁ&q'ré)gse ™o s%-ands E)Jf

and/ or %Band but not necessaril

p Ut acid (@op ilgis e W?%S)d@%r@rqc%@opa@ydvﬁmgno amhnothcr
OWIhfrBﬁn spetifiadifiihg Breithed tHrbgh %&HM@Q’&E& Sb@@ alrmgrbq 'W%on-ﬁ?g | fase
arm &gf?exngl bi V\b}é?cpq-h? ?I ck WC noti
ﬁd gon or na |6ﬁa° ° SRt o fiplees ’8h?%hﬁ5§§€ﬁtﬁyﬂdbe
t brdrefely apgtbiegluel ef iewi, backiwno frrep\dirBienneCestialed BasR JagosHatichal

Qﬁmg5g§§&%mamp&ggg ggnenconpasses conpl exes forned by
honol ogous "base nai n I n honol ogous base 30

bondi fgen %g%'?%gl’d °’§[§’§€qu"" thatynger wpprdpriptel bybtidicaion adidens,
r a&rﬁlﬁdgbﬂébﬁndﬁ%m?&f@ﬁﬁﬁér&ﬁ&eﬂﬁﬁﬁmlea— BUSoy - n de{ng}ﬁfratﬁ épcﬂ_ni\ty

omol ogous base pair’s I|nc A,
aE?% “Vﬂsrh“ng‘aﬁ‘fl\j’atsg ek CE’J"I’ e"?‘ﬂ’émbﬁﬂgfd’ﬁ’r‘@l dgplex he bases

: of nudheinvenda ato scorapekas dupleah Ecﬁrf‘ahﬁ@ t\@cr smashnrmem@iq (@¥er -

L . n&m{d aqglogu@sz%%rﬁizecp ﬁ a%tji llg rel

20

25

30

pot ent i al

ur Slian xo? to one otgxer,t l'grevvseeclﬁc‘
nbiffipe i througibhasiolgens sasgeaitite, and i oni c condr tions

e stran

3 . ( e g.. ,Asﬁ&tiheré‘iﬁ) EQEHnE. ﬁVi&ﬁC@r@l@ﬂaﬁgpaﬁ'MQe‘)comﬁ%é ary base pairing”

QEHh 4 -ten ? to.fa or the formation. o
VA SEHNERT Aenpeitafiige HERe RSB B Geeensarging g, adjacent pairs.of
Howrlzicogid wsd/ommotleif agjdiadiopye! sexes v1alhﬁtcfnéﬂ\b@§cﬁ(i: gO\/Af?T ¢ Gnd/or
ngnjf qlda buf fer | ns
EAch StT a%ﬁap&ﬁ&ﬁén&qﬁng&mfg?’gf érescr%edvhgﬁ’tn ‘Bﬂ“ @%L%’P*e’éeé
aPArlsletidetptivaraypl wgksreeo@dsve@llsl andl Asipanaliet Iqe@ibak:&es terms like

anwhtagtmﬁk bR G¥idied aﬁd‘lﬁorﬂﬁlgdw%al%%?esboﬂﬁl g”raﬁ% glga ?edttg alg

cl.eo ses,to t hey are to spec
“S’i"rﬁ ﬁé“%% aﬁ@? p3d/0p | abdfe bRGRR G lmﬁﬂeﬁsewxse, planar
Cmnfqnaatnpn fist desribeali by Wa&aﬁ:&mﬂ Wgisk. O aHfonPH ltr(éfcoﬁl\fehnonﬂl%dm

t ﬁ[} st %H)gssgt% B % enezgnd gck gl?et Q%?gorggpf naga :Srgp&(%r{?}aﬁ)gglvgr\{melts
f @rprﬁqftep@mpaswlbs ther fwcgpmgtdaﬁnnnoa oD WaisareCrick past Bénding,/ tRResent
NiAGnBGHA as@&s%orﬁﬁlgx@%@%d bihoho g&? B%Q gonX[rPr%e :#1 gc?ngoréo%gg hesg

sequence I nterspers uri ne

t prad T%PﬁabOM?%bl el ‘da’i‘t@alé?sF%ﬁg%ﬁaﬂ qqmalemaxmge:hses Thus, in

St UﬁﬁhGlﬁgcﬁE mbtefa,slbmélagohé takd ﬁéxrﬁchr&fe NPA ITB Y. érly}*:‘-’tf U, and T:U.
probe sequence

part|§ghx T h ous_to th

exanpl & "4 OXjhg "ées °§%‘ﬁlﬁ§ﬁf:‘%s‘@5‘ﬁ lsélgﬁ‘tteé‘ﬂhcozéi%qe@)bmmber
pefificres, M@esrbathdbxﬁcﬁt%pbﬁnt%%iﬁ)é{rénﬂﬂ Fhigt RAGRS thb K- @ M¥tif or
0 . ntion can formfrom
siSlogous RIS <kl e\ Rk e Sapioniaey refeonitos
nmean sequences containing at |east one purine

nucl eobase or purine anal ogue and at | east one
pyri m di ne nucl eobase or pyrim di ne anal ogue in at

| east their hybridizing segnents. Such .15

het er opol ynmeri ¢ sequences preferably | ack

honmopol yneric fragnents greater than 5 bases | ong.

O her nucl eobases are al so' suitable for use-in the

i nvention, such as,'e.g.., synthetic anal ogues of
naturally ;.occurring bases, .which have specific

Vat son- Cri ck and/or honDIogous blndrng ; affrnrtres
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15

20. .. quadrupl exes, wherein opposing hetaropol yneric:
,Strands are |linked by Watson=Crick conplenentary
bases or by honol ogous bases, and the relative
directionality of the bound sequences is parallel or
antiparallel to one another. A probe strand can
specifically bind in the major or m nor groove of a
doubl e-stranded target. Further, the bases of a

s PP Bvesthe fysmation gF WaeoncGrisk bondiag exet homolagpifsiborainizy Humdldgous

bﬁSlﬁﬁuzﬂﬁ:pl@:&Earc Z00red oveoW It Bétr ARESp18fks lﬁ)dg-‘?déptlicgmﬁfferr aRaads
ar get.. SIn]larl%PBB@ bases "of each strand

d oubl &2 TR Fet o e BV SnH PR PP DY quefar«q fgf nigilqobpses
b agl@smxg]aob@n@nam‘gub;oprhvn&aﬁ Ki&ﬂdﬁeo&fses&redﬂ&t&i 16 the hicRBERS 1o which

t I C es .of 't ventiQ Thus
| BB o PR R o5 SO R NEK i o B4R oty ons o
| geAain teecrh@gbﬁéiee Roibr arhghe grgshand pebdxeadied bé mnabolleasto RRieve
b@ﬁ& OdvePRME @b hrigddx of yiatso
[Iler‘{gnt arfl bas eﬁlxr?t 2&%%‘?%%%&‘3% ng\?/&ébl§ e%ame go‘élme%ts the
g npiclqopgsesatejagpngedip @ fetasppolymetic Méseél@nvlomtcnsgrsad purines and

tpynpﬁdmes addhe mge«: ﬁﬁd;eabﬁes%@%hl@h GXa %FE@PQh&Eﬁ&ta% 1e9It Eﬁﬁl}
ne base of the probe Is nd

com F:mFrgag% pr %aﬁtéa?lbj]gxgol(ggoui) g)sgle ﬁ’é’P? SeqREnEsy qurﬁxwle Lt,lgp probe
xmm c@rehidin 2 0I5 B et Asys abmmhtb nsr:s bﬁﬁ{ﬁdhﬂéba% fjx/aﬂ}ror&y
| ch.that t ex. 1S
A AT T Yo
T SRaHBARS Sontaining At ivat PM&@@H@M@S ott rorigd e alogue it least one
Oﬁ)lﬁlﬁﬁmd%%il%ﬂ@%@ﬁymn-mﬁ’esanalb&e addi ét%lrthgbﬁ&%g segments. Such

adltlona pl'éx \Wat son-Cri.ck base pairs

d R Y‘H%ﬁﬁ%ﬁ‘&ﬁé’f%ﬁ% '%P?@Peﬂ@g@fmﬁawmmwmaswms long.*

-+ eOthodidi@biss: arcranb mﬁ%li acust @kie @brfien, sdéﬂﬁssé’%"_, sthc@iB a@@ﬁﬁs of

20:

25

30

b e A.T: A T..
ﬁaﬂggllpgmc&\kin%b scs w ch hatg ae (I;Eﬁ%‘?n-%nc}%gmefg éne'logalﬁ djfnd']‘“g

aﬁﬁm@Fﬁéﬂwf@Wﬁzed speC|es of base), and/orthe follomnng

. _horml ﬁgﬁ&dﬁloxb&’éﬁuﬂx&eplc%h?lexee\of‘t};g in Jodo‘r.lso i erih _trEIexré dind

G G C and udi ng

'aﬂ‘a%ékxawhs’tﬁwe PPROR f&tsfogob@ewegtr@ﬁs [Bes Hiyked Ty WatsgnpErick

cempiinentay Biesup log hogoitidd B Sid MISEIRIVE dirkBoMlQ Q?thlc $ound
dg%&ﬂﬁgmEﬁd@hgg@é%mbg&vgf%%%t and second antiparall el

ssocl a FISheri ck base pai rings, and
t he t APEpat stprgd ca&@ﬁ@ié@llnmﬁ inthe majsi arinlimgr fryovs bf Adliblé-@@nded
dﬁ@ktexurﬂﬂér the Bakts bk ﬁ@@-sﬁarfd%&b@ dﬁtu‘Lé?‘ELQSpe lﬁc&h? w}an ascggneo%c

% hthe bases of the first an rands a
b‘?’ B SRS A i dBYDfsitranded tazegdi Similsy. ts: bagea pf ftaﬁesubudmardguble
b@tmmobemmﬂx&ha gpebﬁSeﬂlls with bdsd3@n Bﬂcros%t@ﬂ‘:jn& SEMAEhje-stranded

d p05|n bases of the
N Eanl et DR RE TR P e etietie
opysatisn ey leshiene base bf théygrolwdcondtd andiefsoine bhe or&ﬁfn@ala&thelargzet
I

O o Pk e RS el b oo bt su
Ctéﬁ the Aeplefis afEples andsin eastpin iqepdomisx suitiotimanto bfter intehtive] a0 Gast

S@E{b&ﬁﬁ&@he fdBaEBsn cﬂ?@ ast dn eor ai SRS by
Elalr e Q,tran o de H% t&@gas b%rg pt%fg&ﬁ% ttb Qatson&rlcl\

pletpeniagy as(cé“tﬁa°“°‘ha£FVPHIyg°m°“{g@F hage ingsragtion, Saqhéhaf thegiotplearis
uhmmkqmmpe of the invention (particularly but not
limted to RNA interference enbodi nents,
wher ehai r pi ndesi gn has. been found to be advant ageous
for causing. 20 interference based on
conventional . WAt son- Cri ck dupl ex-bi nding of RNA targets
- see Hemann et al., "An epi-allelic series of p53
hyponor phs created by stable RNAI produces distinct
tunor phenotypes in vivo." Nat. Genet. 2003 Mar;
33(3):396-400), folded portions of a single strand do
not make the strand count nore than once toward the
m ni mum of three separate strands. Conpl exes of the
i nvention preferably do not rely on Hoogsteen bondi ng
(i ncl udi ng
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25 reverse Hoogsteen bonding) or G quartets for

mai nt enance of the conpl ex structure, although

Hoogst een bondi ng (i ncludi ng reverse Hoogst een

bondi ng) andi'or G quartets nmay be present. That is,
conpl exes of the invention are preferably
substantially free of Hoogsteen bonding (including
reverse Hoogsteen bonding), and substantially free of

G qualetan TEgEd gHrERl Srbpdigensy PASh BuclepbraRbidtde Pl oy two

C&K&Bﬁdc&@&se@ THIE irldGiti@b the haitidhl cﬁpl@)EWKtydnL@ﬁﬁ Base Pdirs and the

ate or r|bose hasphat e b bo
PR HERoEo i aRabors ARIKTOHE ARG o e SERPAT 13 e dplomine
anatsanErﬂ;k boabinding biake: anEho ueT, PAC, era:BdAafus] ©hd, aetd
a 4 al I har
b&gkg%l (zn%ﬁﬁlﬁé’é fbg i](/grréﬁ @th%\?/oﬁhz% sgp S#b% %(qqd%{é‘c 1%&0%%0
a@mom@abﬁsv@lphﬁ AAAHaT e UBa, Eéﬂc’k Hehd) | U Ta‘hd} Efahd(or:C:G

Rx&ludmgbl@J’@ngldJGMV ofeeibridel s&gﬁp&hbg@ ts 6 are free of

PNA. For .increased stabjljty robes can_be provided
in a pHESPRBRPIREMHBIEx FTB%"’[‘HWF‘E? whergiiths; rrobg ésglened o5 afyplex of
d st aﬁ@sebtﬁl&antlbkﬂilleksﬁmmeiskcﬁlaﬁd(59 ma{s&?(@ﬁckfbﬁk pdiGrieh,ARd the target is
ag 00|ated i.nve

i d
et o SO o RN bl € G e e s
| efxbd first apcbthirql grandsfalsb frimd cosaph ether] i aidiitdnad: €4, thephinididgi besbeen
aﬁ@&ﬁﬁa@ L ofQfe By Qﬁdl'ls@z!oh&: al,cgl @g&g glggﬁﬁéeawe v@&&&g 18 &fine

ex 'S

pthid @ﬂrf@{!fh é%@*d%q%éﬁtﬂs? bélfims hewpanpereing besesobthe secendofd Parm
apgehdsf 1 cation and products ther eof . The conpl exes of
the invention can be presen An solution, on a solid
suppot S eRpoginsnts Pheg frip xa? FYArEplP rgcrurgs o thegpyeption, mo
S tipfling sequesa ofveseels eatipioaasithyanctber lndihg scGuefie. ofbasesaThat is, there

e-larg gtt d}EagtdLEr)ee s%{)areherl'sgra néﬁ%g‘yﬁ)‘deg gonfolngan%ﬁsr ané khe hll' ag'] & ]banl-pm o

I ments ver 1S
oF‘"Té{ Fiet are iy thegscoph AF the aR@ghO&dwgﬁw@@ Bgf not limited 'to- RNA -

f nkre@p %wmhﬁlwhh@h@m@&m@ms Yebh HA B He BavBRABR bl koY bdudng.. -

fa ?IU{SI?TUIE% éaﬁ%cp 0% c(gﬁengfz&afgaﬁcal ({erc u ?eﬁ‘ bB‘lF]lgga gf%ﬁl%ﬁ?r% see Hemann

Cerrat. &t epi-@iilinsedies of ph3 Bymotmephsxadazd Yy %&Mprﬁ&m&ﬂxstdndﬂmmor

ggéﬂét#% 18 vItheNgto Ietﬁ%tﬁg Pﬁﬁg%@ﬁg%ﬂ‘)@ci?ﬂ g[ﬂ?i%gs oq Ejs%gle strand

Pde 84 akeppsstrang cquatymarg than prige W ghegigimuy of thise Spkraa strands.

Speci fdofp féke@@fﬂﬂgmb&h ﬁ-E‘ferﬁMﬁ UEh& r&F bifiGooRG&H bondiHR ¢ Gbuding
Wlde |et It1on aV|n -varitations In

{ B e b°ﬂ§la$c> G e e SRR G EoeRlp e, lthoug
s Hoé‘g’ﬂ'@édb,ondmgf(fnelbdl@ﬁ‘{m Hbbgstaen boadifk) add®r GlquarRtsHRY 8¢ present.
C JB g (;”‘sp E:c;n? gexcésn é %e 1?ver?t d)n l'eIu(f':e g?efgrachf“‘ga%?ga%%ﬁ ggclgste?h)ge neg
I finchitingagverse B@eyesn hendghnditsastiajip et Gosadscondi t i ons

parti Gibfhnd oﬁHé &apk&&g&s dQﬁl?c\fd hgéga biEic M54 1INEe 2 dBRribose
SpeCI fic conp | exes I N he cont nucl el ¢ acl d

arﬁmsgigi‘v@f fa*ﬁéf ekt fagbonede DI&A@{NA, 9K§A hrBatAe FRNANMGRNA or
6 cONR) & ZuckittciWbRkbonabrdade aleaueﬁ PRlefre@rubleic a8 adBhes contain

furth | abor te re us teachings
TG GBI R PR (Ry F kiR A8 Geb Bty pb
C aspiiexespativd DA bakiene) el atihde, ©f., NN en@ KNAT €8taindinbidients
| evel s 25 above about 7.6, the conpl exes of the
invention are stable over a wi de range of pH | evels,
preferably fromabout pH 5 to about pH 9. As shown in
t he Exanpl es descri bed bel ow, we have unexpectedly

di scovered that econom es of genom c target materi al
handl i ng can be achi eved wi t hout commensurate
sacrifice in assay signal. Thus, it is surprisingly
possi bl e to reduce the anbunt of genom c target

mat eri al
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25

30

30 in the inventive assay w thout causing a
proportionate decrease in the specificity or
sensitivity of the assay. In sone cases, reducing the
anmount of genom c naterial appears to increase the
specificity and/or sensitivity of the assay.
Simlarly, under sone conditions reduced anounts of
hybri di zati on pronotors or |abels result in enhanced
s fiea ot BN s § ?rd?FreaSFd WRiEY BEODRT cSh PHRSOHASd e ihpmhirissipr famm; to
tmﬂmﬁu@&daﬁbﬁdﬁ&\&asea possi bl e explanation for this

pheno bel i eve. that ther re at |east two
oppos F‘[P Bl‘ec? St ﬁpg‘?’ﬁe&pwglfag’b‘?s%"fl ?ngﬁﬁi\m B‘B]tei‘ﬁsrﬁfrﬁeﬁ‘f}’ﬁ‘ﬁ@‘ do
ofot ldepo] wpon mtend:maaxbxeuiedlmm conpl ex. The intensity of
fluor h rease W|th

t he nﬁﬁ%&@&gdrﬁ{ga goﬁetx é%‘ l(s:cﬁ?tgd? E{g’lﬁ%ﬁ artl%mal or ?)‘8&1

t he nimprehodigfents, 4 %ﬁd@hs@f é“ércomaln@piselxl’q&;ammlﬁiﬂt prddugy H&We‘:ver

n wgteszd egfbo@n&ﬁssof@kaﬁm fe k8. deperl aﬁsp@ﬁc%uon%ﬁ@pr%w R0t
nor e n%ortantlt};f y.the nutual charge rgfu si on

bet wedh® PFBYFTAf ’awéﬁmg °a"me§5°nrlf15%uf’§m? i yypPrtgiEro, in
tm@emalsexo(ahe il G@pdrt mtuecblw.ﬁly&@hduemedeoaddu&@ode) or

add nal eI t

ucé) %‘P”tc r af i Smt?e %‘%\rlnﬂt"ﬁ 1lﬁirsg pmds %8}Vﬁrt ’SIE‘EF@H’ or ofher
c omgtl@ thamst advankeagf ﬂum¢pbdemee$mteratﬁmmo tiihencasexsitivity as taught
nypek, afal '}@Qﬁ cFpanke %usrssh&& I, c&agmg & &'b%@grcﬁq%&@{w Burrent

er conp ex Reduced | uor esce per conpl e
r @gmwtl irj Bjotechnqlqex L0y 16r5 érc?acfmaémﬁqnﬁhffqowek@g ea@qunew@ppped

t BEsehRfid@AELHiry elo‘h%&d N xbek inQf s.frhie@f RECEN, 1605 E%ESS 10
i s outwei ghed by the reduction in fluorescence of each

c a%%(), or an increase in fluorescence |ess than

pr-0pOrSpeciitdinding betk e micRE hadsSecuriintidd & wid vdpiesy o@bnditions having -
C QEBL% & t&\é@%ﬂret Q@ cdn@&l[rg%ﬁ Cei c@ostt € stdd ebuﬁgr com, cr)]smor ‘and:.

fl'uor escent conpl exes- out wei ghs e reduction
f relfsiv eBlEsenssERLRREHE RUEIRIP RUde) Ffamleﬁ efitheprepndiiohs apdmpetiddstor

dum@g%@a{odnmmmm to shield 15 charge.
repul sl,on bet ween .i nte in the mnor

-~ gr oove” BV R FEEF ‘5&055 Cancl’tfi’di‘,%m“’“g?h%‘ft@lleéﬁr PHy e pmique -

t lnd gectficrcamplexss, itlhptasextpl nls@iccrid abdlng aﬁd‘t&heo;yapeo ISteJBEl Y.S.

p T € Tdle upon, our
o Shily MPBLECBNSR S, bk NE BRI S B b ciBorps yoon
wiesHiopsepclings dregrding saidfgpitions-donor  ener gy mi gr at i on

nmodel Lnﬁliﬁ @Io@ﬂe&nﬂﬂic"cen@d’lé&@ WhitBare uB88ble ofnolexibtendat pH levels
Pat ent for additional information

r SBF 8‘?"1‘1’97 %‘momf"axca 812‘87 myepLptyYe fEbinRYeRs Wil ol PH loysls,
Werelfeably fdinsaiboud bH 6 ta/sdoht pH at sorre | abel s, such as the

i ntercal ator. YOY a eof v

i nt ens‘?t Sla%“én lélftﬁ)e]gr?f:alm s (Sesc’r%ddnb yendi n aven“in?xﬁ%cteé*yr%&?"ﬁ?eg that
ofecanpraiecaf aqub@ic target loatwhl I@hﬁlmm@y beaceved withentcerhradnaulate sktrifise

MeY,sR6 i BRE TS & E\ﬁbﬁs L aToaT=re M VAR a VA =T gn%nl cdr%%@mnal
be that the triple- sfranded structure,
pr“b‘b‘f ISBtVE ASSBHE Eéﬂ‘s‘a@W@P@P@dﬂ déﬁ%ﬁs?léﬁwmﬂq%@r sqnpigvity of

| MetEan| Risee }:@&eﬂe&:cﬁg’% afnbait oﬁ%éh&ﬁlb Rigtci¥ @}gbcars to mcrcase the
rior_to the

intercal a %ors j.nh |te %

a SR SEBRIYeT STHEVER ih‘daséaPr Rgar 1?“81‘{ § %a&d'ttoas fF"é‘FW’PﬁE‘“ of
t mypideation ptomiowys oalads rlt inftabantdd@igha Emidisnon of a
triplex stabilized by intercal ated | abels may cause

| ocal DNA coll apse, which in turn contributes to yet
greater dehydration of the |abels and yet greater

em ssions fromthose | abel s.7 The foll ow ng | anguage is
used herein based on the foregoi ng understandi ng of
the invention. 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 against | abel concentration at a fixed

nucl eic acid concentration. A target saturating anount
of probe is a concentration of probe at | east
suff|C|ent to bond to all targets in the

o, . . T T S - o -
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15

8 experinental data (e.g., titrating the probe in a
hybri di zation m xture of fixed target concentration).
In practice, the theoretical value nay not be

identical to the enpirically derived value, due to
factors |i ke self-binding of the probes, non-specific
bi nding to the substrate, etc. The expression "target
saturating anpunt” as used herein refers to the

enpi r i WElopswighite 1o Briboumsl ke tieorien vedeveatnossibld cxplastiant fockhis

ThRnbAGEL WabdEA AT ioff ol BRRing AhsBRO uluiciare e
robe to target ratio.

ressed, as
E eré’f)% s igterfalqted in. g somplox The igtensityef ﬂa?rssv;#rm @mtted by
c memlmmr@m wigh pur; lmhﬂ)eﬁl'ﬂhﬂel@ Bdrcaiated thb:emhmﬁmv@ﬂ éaﬁdn%@rdof
mi e suspecte
LR BT AR bl the pie LTS By s T savaie 0 Blipy/oe
admppytaritly, by the muelchared rypuben bpt’waemeroxhﬂma!ehyﬂﬁb\iﬂaa&mﬁgn label
t h@coﬂﬁﬁg (Jr Qaré‘egl}gc%c\{ erf gﬁeﬁﬁp!;ddfnlg %no%l %et %q[ tge gﬁ(ﬁnﬁ éavould be

For exanple, i't Is possi to assay a
h&xAeriE taregeE m%atlebcla‘b@a fatuggionypeinto Each eqmsplexwiviuldithen include less

C @ah b xR Ra dlimbePoNielk Q&ﬁ’lhﬁ%m?&fdu&@ ﬁﬁgesge%peopm t P’&;@};‘ gl?etduced

aﬁg about 3.2 Enoles of I nent’s

i VRO R EP SR e FHLR ”@HS@&W%@“&%@HVS%WE@@%WH@ in

t aheglemsg af ﬂlaresceml’wmﬁlbx‘eatsIoﬁmci‘gﬁedfaay‘{he)?edugcmn qu]]uorescence of each
PSR! Suteadl SRS R € Ropil ot o ineage in o of

s éﬁgﬁqurcs\,(e/h@ﬁmmpafean @n‘plmbyr qj fladyesendomalexes outwei ghs the reduction

C mRRIERE bRch-coRfled. We furthd s b%‘%%

co n centratio nc cgf 5 ?])ét ?rf)upe £ IGM thgﬁlﬁ)ﬁlg f(imewﬁat © S}Held

g Sharggiremilion D§‘§‘§"r“n‘5‘”°alftFFala ft]h é‘f‘b‘? Bijel greeve af teslupipeandghose -

l mmaﬁdﬁdm theahisl g QRIS flpak p‘bb@cr&ﬁﬁém EAHRARBY fo 'iictnﬁc label .
e

grlgentratlon 10 g\é\er leg;o %gsgtiagqt reﬂln 1t aéEl eltn eOI‘ thegt ted [N
robe concentrati on cannot: pe Kl ﬂgY FeEfigthen faffiated or o

v szPftol :@Qupragnpngy migration modelbecause of their’ proxunm See; e.g., US. P'\?E!lt No: -
 Pregt ef1088 SRR Sitaon r%ﬁmﬁldbéotr %ddoggr%ofl?%/ ra%s%erg c'ns

20

30

can. b detected at .'20 their native c
The i nVeRYFa8oP Sagfgdasvﬂtﬁczsﬂ“ l@éwwwael@ﬁwngpao@neare@pable of i -

S Ivlﬁgiummmleeﬁtemdagnsp@bghﬂ'ﬁi mhéiﬁﬁctﬁémaﬁe)coﬂﬁgf 3o which they are
i.de uman genom ¢

mﬁltér+ e% Iﬁfllg m%yobe be%upeq;x% are enﬁlbeq%m%@ﬂort (}hxprg kﬁ that the triple-

ap'pqﬂéﬁ@l !t@‘ﬁ ywm4f0mt9p¥| mrevides ail Enlog@i eishydihted exvib@menMfdrQhe

2 .iflerdhl=ded 146215 Mvérrlhé@ Q:xlgtglg tht]:n %&Jda?okﬁﬁﬁa'b% tm. élg)! io OIO the

the nucleic acid sequence
e ARBUF RS e third stppad ‘é( jnds fo feraytie téijexo It may zﬂsoabe tb@allﬁfmmntlon of

ma)ﬁl;ué)@stﬂ:ﬁhz% bﬂ intdréala€eo r]ﬂ)Hth chﬁe FocdloDI9L Qgﬁgnge ln tumn
I.es of the target nuclelc

cant ai

il (o e AR 0 BB et st s dm osivos
copi el h@follbhag fapwged is msndlhmem baget dn he gaedfe vh &ROBEL S She
r efehi % to hereinafter as "the target’ ). Simlarly,
in an 80l reaction mxture we have detected a

char ac' @FipkE stursiog geaee ofisbekie m tontatrios okl atdast sufficient to
Baghidvé 4matim@R i braghddt g%resEuﬂﬂnﬁhs‘&y ?é/‘alng lah-g? oncgat{a%gr} & a fixed

nee not be partially or conplete puril

aCHisAS SO @i si tivity. In 30 preferred

embod |mgétsatur&mb b.RGIfGRbe 1S PR deHBR o crcfrrgpeltagkﬁfsgﬂ’glg:rg g‘b&{b

or e genoni ¢ sa

¢ ol 8 t‘é"'ﬁ‘ {%dhzaﬁv‘ ’P%&fﬂs i ﬂm)rg%@{ Yahig 3y by o rgedon
| east a portion of (and nost preferably substantially
all) non-nucleic acid materigal, such as histories and
the like, fromthe DNA. Suitable sources of genomc
material for use in the invention include 9 but are
not limted to eukaryotes, plants, animals, )
vertebrates, fish, manmal s, humans, m crobes and
viruses. Optionally, genomc DNA in the genom c sanple
can be anplified by a multiple displacenent
anplification nethod, preferably that disclosed in
U S. PatentNo. 6,617,137 B2 to
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5 Dean et al., wherein denaturing conditions are

avoi ded. While certain prior assay nethods require the
DNA oft he genomi c sanpleto be digested to facilitate
access to the target nucleic acid sequence(s), the
present invention enables the direct detection of
target nucleic acid sequence(s) that constitute an
infinitesimal portion of the conplete genome w thout

r BgEineralgdath ée- e HERNE Nk inbe hylaidivatinen it of Sined target
S QRILRINEES - Inqa&cgaausethéorbﬁcawaﬁﬁeﬁ}ndt seaeémhta@fatmapﬂeén@@&wed

cotr e B i e B SPhs oot PRAE PG APER &

| Shecdapryssipa ruigetl dayrafinabduoh at edd hdréin efert i the empirically derwed

.enbodi un}g?soab%‘{lsg%taggnom c sanple conprises at | east

5710%'“ erably "at 1east 10% nore preferably 100% of
a co m’ihfetareet gasvretng. ampynt efaraba icax abrbodipressed &5 a rdbe t taeg etio.

n‘ﬂﬁiéﬁh&s&Gﬂeley%ﬁcﬂ;H?D&%&@[h'ble detected in genonic
sequences nore than 2 kb Iocﬁ@ lIpreferably nore than 5
S

kb 15 Thqagselte capeeptFafippsgf Brobe ap Hefhridpation pixtuig am emrelly

rTBelleeﬂéd aked®Q Elieahsﬁibdﬂs@ chiitentratih @Giarg&blﬁ? hei h&xr@@ I The uﬁ@tﬁH@ﬁg&? is
S not..an.ass a

tor fe
L GPeT R R P L ngees ety @ e ofjneres. For
detatnble-isit pasible tb gyen o mstampEd ieving b vétemd mbom 80 afeglitersf witdh
J cl el
CEbll 80 R0 Al S PUEELE B f o
| Embodinkeats tof éhet laYﬁ‘g’@?n argy prositde ceneygh ¢p assay human genomic targets at a

se&uﬁe&%m bea 4 40b w@p+erkmﬁon%t S RhSatioA bt NP HIR 1Rin 2.4 x 10 M

) p ura Ité non-; uni g shorter, 20 sequences Wit hi

i BRRion 2 BRSO TSI PPl PR yaiion o4

- -_-p n mm IotelfeR®lyQf a ¢dneengaion Bt morbPthef % [Edit mr@ﬁm g W0 sEying -

. a?hd%hns f% ?o%pocvgﬁ_es Jr%bog ttende%Qo su%gae? qgat %kﬁ maﬁqng c%nhot Iggtfc?hgher or Lo

25

30

prerera ases |

N mmeqoewmmw@e'qwem thatcthaprabe %ﬂ@ﬁﬁlopfcmdt bg émhmpvower E
o mat er ixdbarticnidiPirtfdRdmbs @A %Qﬁﬂlﬁie@&ﬁxb @aLgeQ Lan be detecteld Izzt 2T
20

nthetic. The target nucleic aci d sequence can b

o P il e s RO 5o SR PSHRTP S ek aotde

\Mpmgahomms (SNTO)dnd/orrailyi¢ dklctdspoBiofrhGng thbufin gdfonG@amples

e L S
o ﬁl4y< 18M albilﬂ 80 flbh‘}'bMIHgProlsleg) efdiraéleic mid tateptor@encd (hus, in
alcgRinfeRbodtRnChE Aeay i GHRE bur indGEdSon i RlP @(9@ nsscoﬁcm@ttd ona

i.nfect a host organismor cell. The assay of
i BYASRHC SBRPL SonatuiRe ot thannfOR cpRife of e daredt iyclsi ﬁQ"b éﬁ%ﬂﬂ?ee and

t @fe@&b@ ,abo‘ﬁUG b toaSout BdONépicspthd thrgath@lelc Yicid ﬁﬁueﬁch@soﬂétfnﬁ:%ﬁﬁed
ssay can. detect

N R T L R i T
p clorestistid feguencrgeeseaft ired pigy @ lBadJljus glbbiglii fafgewmablc midobes to

det ect g f .

oo t1 cp aftpehat bobe Bhnsdly b BB BRI Fackibve suon sty 1
p Peferred @bpdinients |2gxdegiseh @Fcnp?ncb plaiepd dropy @f @raaisiyor Sellt and a
2 %gloﬁﬁ%ﬁrgplé f ri)%pal@@ ﬂoMeespecB{cﬁ bLenabbyai &s{lr% o Qerr}%@ﬁf & least a

an be si e or ubl’e- stranded. Si nce

on ‘\K@"‘Hﬁ?ﬁé‘“ff@b‘ﬁ ﬁg’%ﬁé’éllyéﬁ)l ngn- a‘i‘%’a&?@é f“é'd"%‘»é‘gﬁé aghggtones and
\Mﬂiecilae, pr6 Be DINeD GluftabGaBurkee ofelj okt rfteria Dod 1R @RGRedtidf include
sensitivity and specificity of detection. For
exanple, in the systens described in the Exanpl es,
25-mer and 30-nmer probes outperformed 15-ner and
20-mer probes, with 25-ner probes sonetinmes providing
the greatest sensitivity and specificity when
detecting the presence of a SNP is the 5 objective.
Accordingly, triplex form ng probes may be optimally
specific for SNP detection when 25-ner |ong which
differs fromduplex form ng probes which are optinmally
specific for SNP detection when they are shorter
rather than | onger.
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Wthout wishing to be bound by any theories, we offer
a possi bl e explanation for this phenonenon. Assum ng,
for exanple, that |labels are able to bind within the

m nor groove of a 10 probe-target conplex at sites
separated by 11 bases, we woul d expect a 25-nmer
probe-target conplex to have 2 m nor-groove binding

| abel s per conplex, while a 15-ner probe-target
cBHprRst hmﬁiﬂtae%w%%@é?eﬁ@amta& Yeagheates AiEl, mpmmdls, Brmags. séyabes
bmﬂdhmgslabel per conplex. This mght explain why a

25- ner e moul rform.a 15-mer  probe. e 3
oy OpBeRIT el DK P B O ae i Plschot o BT i i & gl
t Hieplsamet mprhrbemorcﬂmonme:@abmmdlblomdlmgs [Pae Ns. 63637,1 3182 10
Z%w%%tmh &p&ﬁa&@ggﬁhms&rggé fdiadg? 1 abel's) but the

O=ner probe -as sensitive' to
n ucl edthilgesrigis Pyoraysprinedions requireibeDA pfdregenoayrtsanmi¢ te besiigested
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Iabels but the nunmber and | ocati on such re
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ary sonewh d ature of fhe
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p owprrdétargadmmcei Ssctmp@h&j!rd’lﬁgto 300 tabes imfertgtiinbiy preipiblySis we30
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b npliisth o Bapicimgterip or synthetic. Jhoerget nudde md Spqmt:r@p eea|baalw

beinveredd ghnse Sf t6d ortdl BmloAdell @bm WHRh tHR %R cSnat ARSI B b iat or
Iabjﬁé are aple to |ntercq§§te every 20 bases

t FPSEgROT R Fresen Bisten; @ Ry ae&sef“éwg%% orgapis qrigelt Thye the

d imstnamcxs nigehlpegiable fl_ﬁﬂﬂgﬂoﬁﬂ@éeﬁetxb Futatishs gﬁ&'ﬂﬁo férQetSdiipPicleic
ReLor Mgg ngg] atpEM h(mcg%ﬁg;nl KeJsony If FRET-1ike or DDEM

|nteract| oes occur tween such i ntercal at ed

| abel dheessaypéthe inveption ialde fuiikiad Br detestinginat-gatomic trdngetsheich as

PEIONE, taficarly £ ¥hephuplefISF skrbbntnb @DNA fioighd3or groove,

|ntercalat|ng bet ween probe and target bases, etc.),

al | gniBATSSAYFandpiEct e BgwRce 46 Y TRAriArEF aSinE na/gr mpre pigbes. The

t ase@td phadBpTdidtest ploBRed dtetva BluthliRRr diBSdnt alpkiSls Faé-{]@{arly useful

r e Probe strands o suff|C|ent
agFgﬁfgg ??V%?ent nunber of the labels to cone into
such OVases preyicnsiy discloged:tivat profees ara @ich&blytz ed00 exzey l&g and more
! RRRRGE'S (050 BIE! B MALAL OfDELeEN L0, n,gbe' can

1
hancé “em ssi on probe: Par get et ﬁh&ehmm

hence detection. Accordlngly, probes of the invention
are preferably single-stranted nucl eic acids or
nucl ei ¢ aci d anal ogues of 15 to 30 bases in | ength,
wherein discrimnation of the signal from background
signals is maxi m zed by energy transfer or energy

m gration between or anong intra-target intercal ated
| abel s and probe-target intercal ated | abels. Mre
preferably, the probe 10 has a length optim zed for
energy transfer or energy mgration. Preferably, the
Iength |s greater than 15 bases StlII nor e
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dsDNA, dsRNA, DNA: RNA hybrids, dsPNA, PNA:DNA hybrids
and other single and doubl e-stranded nucleic aci ds-
and nucl ei ¢ aci d anal ogues conpri sing uncharged, 15 ,
partial | y-charged, sugar- phosphate and/or : peptide
backbones in whole or in part - or base analogues in
whol e:or,in part -In certain enbodinents, the length
of the robe can be selected to. mtch- the length
ofl‘leﬁ%?"tf‘ﬁr’ facpveredmayyjpwhiglyprohigdensth papdp adiested teriesrasedhiesemisiviy
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determ ned experi ment al

T dirscl dSarEnaHYe theog aiseracs ﬂlartéef ‘efrersed: Hclombesmuisade horfist fudttion of -7

S&lktﬂﬁ§ @) dilPAs: thdiaheuGe, ca]ﬁUfe of é}fh%cnloiiheldugpestcgge %@Ja&gglaw " s

[lo mM NaCl L
NSO JrinbShien CRIR) 261, 30 M. donordoncr enrgy
Tmigrativh) b @senond ifunatidnloOdistatee (R, wherdinBlinyhad¥lyi€ated @ F,. There

h

m‘@?%‘f"fa?ﬁg%ﬁ%%"n?{g% £ ¥ Gmatiore CoREE Sselsafith aligy aygeimum
s eﬁ&rlawloythe eqob@ergwmmmz@ miptimuro FRETriktel eontssioh 64 DIEM.t Bis
Zposm)l&/ihatm%dmdﬂ ofthe IP ége?cﬂﬁe th@ct CQI p?c%ﬁe ?d%ﬁro?a% mrte cala?on ssfcsgor

e% g% t eaches t he use of r concen
UrdEr Bp aumbep and; lagaiqn; czfé“‘thrﬁ‘tﬁﬂ s ewsireipad brimoma! repu.lsron

podiweplithi RBelS A uECHIcHR Shel oW ch&;:sruxcglfh (b;higr!tnﬁé exs&{kt@iﬁ%fy @(%ﬂhe%é
a SC, e resen I nventl on
oSl Uy D R B, s, BB SEE B e o i
hasequeto sklgine of te muiupllyexpdsiva rtblargeq WA PoXIPLIENKIRS, m‘d/otr laﬁaht not
%r@ﬁ(fcrﬂvofaBM &Rt foplEkETl lﬁcb gr%fﬂ)?l’_i\/r% Hltc?algﬁon%c tlaﬁ?ﬁlﬁ inghc nH’*Fé groove

so a fluorescent SUC
ugdntespalated hesyeqnpases %f@@ltaf%ﬁf addi ti onal HPA-I abels is

opt i oRa xmﬁ%&s@@ihét la@ﬂﬁirc hifde &Jhﬁcrﬂﬁé évé}p 84 bas@'tfg l%h’l?ﬂ?ﬂ'le
0 lo_Qéall The HF‘)@? @ E’@‘ erab an | nterc

g"ﬁ% WA st anddyay r‘§ stagesherpsp ose 12!?? seyamgrwétodwortm
eNi@ ror (PRVEM ﬁm&iofiﬁ:ﬂﬂﬂ l?REY[Qi\(@-ol‘ DDEMI hférdcﬁ’&edo@s QquxI ln:?ween such
i oni ng solely as marker
BTG B R G St T L,

i ntercal ati ng fl uorophores. Preferred | abel s are
menbers selected fromthe igroup consisting of YOYO 1.
TOTO- 1, YOYO 3, TOTO-3, POPO1,BOBO- 1, POPO 3;
BOBO- 3, LOLO1, JAJO 1, cyanine dinmers, YO PRO1,
TO-PRO-1, YOPRO 3, 15. TOPRO 3, TO PRO5; PO -PRO1,
BO PRO-1; PO PRO -3, BOPRO3; LOPRO1, JGPRO 1,
cyani ne nononers; ethidium.brorriide;

, et hi di um honodi ner-1, et hidi um honodi ner - 2;
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et hi di um derivatives, :acridine, acridine orange,
acridine derivatives, ethidiurr-acridine

het er odi mer, . et hi di um nonoazi de, propi di um i odi de;
SYTO dyes, SYBR Green |; SYBRdyes, Pico Geen, SYTOX
dyes and. 77am noacti nonyci n. D. Modst preferably, the

| abel s are cyanine 20 dyes or hono- or heterodiiners
of cyani ne_dyes qﬁ glve enhanced fl uorescence when
AP E1oqY e BUeTRiAtH BRERAER PODRR (REESt Biftsh Sy AifRyRREt of the probe-
d@SﬁzItédb@éls {wiih tok toxgetRasb &t dIabble % ouldheBith3:, ROV for loﬁgb)' probes. Probe

5 9 YU | 321

Sesptor ooy Lo ek St B et e
qamnmb'do ahd anoterathitapérey wameler ortehegx migthtipm b&weci@ROabels can
%%c I\E}DBIQE é?luﬁrch@g\ﬂ%mﬂ'é}mp Mmplﬁ%m cﬁ%tP BO and YO PRO

from Pr obes ene, OR Ot hese
YOYO- Accorgmgly, S¥bst ?frfb%mi'@f"e‘r %Hc @bl gipgle-piragded nyelriongidsios

thGeif R anRbRELIN 8 & 30NARs InMn@th Gtletl dGrih ARRINS £ Bk SigRt B8
sui tabl e faor use |npghe |nven%|on Preferred exanpl es

Ppokeropndignalyismaximized oy gnepgy GRISKT On RS GLTHERLOn between of among
fihtthorires m&rdmatearabletmh @iobd-adaeliser@latet abad. Nyae ﬁxﬁfefahl&,ttheb))bbe

&lﬂsu% ﬁeg,%%gtﬁl%gedg?r eﬁ;l d‘.\%g&eer QI'CC [y faﬂrllf T é U ar ?regerealg]%/ the 15%11 1S %atcr
i thand 8l bastse étﬂwnprlq peeserdbivi thgprebvesr{?yao b@?@S mhegthnvent i on

furt NgLBNEHPRSIER ttehecmeas@afv mlcﬁttet s, strbﬁ;\ tem ksPNA, LNA,
non-fl uorescent si 'S 1 ncl

Such
IR0 DRGRRA e SBNAPYAGRE: Brit papeer sigle an
p@ﬁﬁlé &laffed ( BRRIc Qcifs ,anl. ﬁlcleﬁ?aﬁ@@tanalbﬁes 66031:bﬁs1155Q1nEtﬁrged

AT AR, ?%gfg’?te%t% TR et SRRe B e part ¥ Bk -

. Imﬁm@enewhme dr.mpancdassaip ethbddingats, Matldngth AftthrotBean be kdleSedio-
- V&tdﬁﬁ%awm%%%§§n$4272 (2000)., etc. In certain .

i ments, the | abels are those di scl osed in U'S

Pat enfrobeg of qk{bmvglttgtggc prsfsraply safeyio@prAng stakle & }’earWﬁCEQﬁdmgly e
- CRbiREcall b@lﬁtdeei @hﬁr@t i htagra geandiies E@@LEeon Or interaction

with the conp f. .ar iich ate mutual L.y . ->‘i
it or WO R RS et Bl o i el oo e
Strohge intgnded totbhlerttebgrgec susBicngd seqabedee 8d¢eadad. 4J.8 PategNo. 4,110,676.
certa [ |

cer ox'rﬁk pm@m RS hvttn'ased mgtr&e&@ B4 ég BaalSH dﬁomot@g o
P&Fént are seneeliy 19'252‘1381316 elfeeawllmerfwc th spgeificityand/gr alagsity
eplapahiBERE Sssayt AR bk 3B@InGedal We Gva Bk BuAtDIhS: HI"AS da§ b LR for

W th t he scope o nventjon to use
Dt gt SRR B B e R st Fottnt Gam ol samples
dehining priabe o8 [4Bd). Rudtattlé BRAsGsbxde, byt arend limRed te,n:tatldhlﬁ)of (CH3)4NC1

Ear LHEY N0 eSS el e PR BPREIERL e o

ceimicthre-malinpabstarcds {i.ed k@mpmwon@smw;nc dgezel dlsmsqdmmsé’xtent
t 5. QU032 BAARRRE &1, 2PPl Ying an electric field, 10
and nonitoring the nanopore for current changes as
di scl SBebeaFfs of the ugsqtce AR FRAS iitoh reapion | migEEe 49 tadest
2%%@8@1&9&L3And&r@nﬁ@ﬁ&msﬁ§ coldlitionk fnay e @tcﬁﬂn&l@&hﬁ&@aﬂv

to.det ect erences meltin r

S i et A R B S BT TR G et et o
agrendt aindit &k follSeg: # tg30 mMNSC], Rab emhlvmmoqcmmm Dia,HPO,,
Pull 003/ 0 to Lin

lentoes i alfysdn it 2 FalBprl Bt & dragulfin
used to.level the .nmelting tenperatures:l of probes,

so that they exhibit- conpalable binding affinities
for targets and conparabl e denaturation profiles for
denaturation assays. See US. Patent No..6, 683,173
B2.to. D.enpcy et al. , The | abel, probe;
target.ande. HPA are conbined to provide the
hybri di zati on m xture, along-wth.any additiona
.conmponents..such . as water, at, |east one buffer,
etc. The order of 20 ;addition of

the conponents to the hybrldlzatlon m xture need ' not

-
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i nformati on about the target may be obtained if the
order of addition to reaction mxtures is varied and
the | abel em ssions nonitored and conpared. For

exanpl e, the HPA (and/or EPA-label) can be added to a
solution which already contains the nultiplex to be
stabilized, or can be added along with one or nore
strands. Moreover, the conponents of the hybridization
2 Bydcilpridels 3058 - bl teirampthy monaniugE hletids GiMEA- -€)avippddstesaraty
c emce.wr RS, Efin &mlﬁawlw 156 zom;ivmaevels p&&mgﬁ%i §52 B2 to

npl es of such conp05|tes i ncl ude
R b eI R PGP o HoaRgP s wibile plese
I fbised dhablgheide vgtidntdas. tinRe @Eﬂb@eﬁféd&e&fatxbﬁ%retvathﬁﬂe scépd of the

BB RE b e sk PP DB e irk Myrot By ates nd
oﬂuadhlele)teyphhe R#Ssrcllrtysrerdnl n U S. Patent Application

Publ i %hﬁﬁ‘mﬁ&dm%gtg% Q'%llgé& a%%orte%ﬁrﬁ ?a%g Ertsuc% embc%u efits, t19

enmbodi nents can er conpri se
b RiFErnen-FRASEEY! opdditiersdHRA-lagels is mnms adﬂirRed cb tmrmanaber

k@ ated oﬁbﬂon‘é“ iThb £168 ks p%ééfjdbw 2R PhteRS1atH lﬁ%le{ngre Blgfg%gl? & BhSric
of the hybridization mxture and are expeCte 0

f §EPPS ‘ly&t“éd 5P PPSIPEE PSR 50 wi t hout i ncr easi ng
back g Imagiaigkisn6ihs Ehvéntr&{nwhﬂl&lﬂ fusaee;hé dofelylal MBS CRNGEHP AR as

2%%&7 8’83@5"5% ?eﬂgt"’eﬁp*‘%@“ e’°“‘t"ﬂhm% uogqphoris Pﬂ}g'é'g ahyels arg members

ackicef Bem B erowrpesiting of YDls’Otlh”éOT@‘bmayiczatromamom,rr BOBO-
c @Wd@@ 333(61%& ' LC‘@LVU L 'JBJO-? %{?ahfﬁl: ﬁm@rETWPIS% ”H%-P}'{'@‘Q’es?c’f?gko 3,

he order i'tion nee

sg O- P§roghT@1P89rﬂ> P%’ RPd ?%ﬁ%l%rl RHERQrBBRR G-Aid PeReb], é0-PRO- -

.- UndeBnimnyorsREE; ditiGiue ruﬁkﬁrrrdeefsthaﬁﬂﬂ Kdnra@rmcRatehﬁd}um Wemodihay.e

.- - f Otlflrrc]igl tgz%tva ra\‘fle:st erch 1 tahg Q: orgrq eo %m %xl‘roan can !dden Igy |
‘a preferred order o dit Ch BIYRLG PR -aeidite -
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“o hpereriiach cibidium mgnqaeﬂeaprpw@um @dide§§ Tﬁﬁ@“,@‘@@(ﬁr@iﬂdﬁ&@l’ﬁfas

agdh 6o s Y TOX df$ L £ninddGinMANE D. %&f}ﬂ%&%@? g la els are cyanine .

di scovered t hat addi ng the target nucl el

- s SRR CEberodinegAE AT eﬂ*@éﬁéﬂr%cseﬂawmheyaw@ated -

t lnéth hgcmcr adidg aiidh @B thabexdettfiBed TS, Padits'NOS W, 483 1867 @B AHRE 67

-t t |
2 ﬁ‘% | % A g’)i s d(Ya%?%lagjg allidv 5 4:18 83&& Hegettaﬁegi?lé\%%a ““f’]g‘rc ??Y\%Stam“
hmmqmlaiiatarvehblc rensker (thee tridgrsarks TOT@r BORD,ef@rQ, eOY@r TO-PRO,
c thmd’ll’@i’ﬁ@ Emdem @ﬁb%BtN&‘IechQ P;EQS DQCI‘ %ﬁ ePe BF{ ﬁﬂ}resc QBYO-

can al so be significant when sone or
c&*ﬁ‘ﬁﬁﬂeﬁ’t‘:@’"&r‘@ e‘é‘Pé&t"rciWc%P lsﬁleﬁp@-l’qu@a# ed in accordance
W th Nﬂﬁ-uﬁ@@(‘abhd&&&lsafc a@élé'u;{%%r ﬂéﬂ cl)lgerm %r'i %egg %I P{%Ferred examples of
u i on or
oSRhP8! s Bt S Abh b Givofit. gt B 181 abelaeiy it by
p flecr¢stegertap thelabdeareant Clooriscdntagnblveheterafks avd BobindOih A @kget/probe
c jdization mxture. '
E?%%ES@% "%)Q?aet%dq!r;@a%(aﬁnr#mén enhance the sensitivity
and/ o heipesstiqn faithey engpmpapres thesusagf labels thtmmimpbiflicteszant dignals.

Msuch thb&ls iRAYER Mrﬁk@é&ﬁ@a‘z&r@ s@%re@héﬂ%c{eagol F‘“’%%F £.C8 ﬁU S. Patent

to, aIIotlvyy OCCur.
c DRl f-a08 1o warer "ﬁ”dﬁér ?léd“aé‘l'e“f l"‘Pﬂlﬁ (Ffés%&:t%alnla@t)alrﬁumeeshve
pﬁleéneﬂic&hﬂsyrjs@ﬁsr hdmlbgdhedid rmlﬂﬁrﬁéﬂsa@saﬁmaﬁ Rr!a@fﬁﬁcf apd X, \Bpt97

PG L AL e SRR e P o e i s
Incubation is preferably conducted of a

I on-denaturing tenperature,iand nore preferably is
conducted at tenperature(s) within the range 20. . of
20.to 409.C. As used herein,!the term

"non-denat uring-tenperature” refers tb a tenperate
re.,. insufficient to denature the doubl e-stranded
target nucleic acid sequence, and explicitly
enconpasses tenperatures at |east as high as 40C
Tenmperatures sufficient to denature the target are
not preferred as they add cost deIay and unnecessary

o N a - .
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. wavel engt _
o BB bu BB iRt B Hdftion rivoan st ven atoviebut sigfican
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25 wavel ength of maxi mum excitation of the |abel after
i ncubation and then nonitored for fluorescence if the
hybri di zati on m xture contains a fluorophore. For YOYO
(i.e., YOYO 1), an excitation wavelength of 488 nmis
preferred. It has been discovered that the power
density of the light irradiating the test sanple is

EPU{JE ¢ and shoul d preferably be set to deliver
abBuLt” 840 Y aRpPERe! al. Jdich Fausna ditestable Hangedip eshactios or interaction

Y@ conmmelutlsaf, dm“gl&h aemﬁﬁxalgﬁﬂéﬁa&lv@fn the‘ML@Ju@@Jfa #itipiex heligal
del ivered from | %ers or bri g,lht i ght 'sources, can not

0 n']mcma bOT PSR Ee drieaaRle chige- engsitbe laheba'ﬁeqd?’gets
s l(FCm r¢dhag pairs)rd twogmitt pebaspis Gisclagnd oiU. b PaSm iSO M to Coul et

ags Yy &Maik! red radiation, This
ESIYo) béc%@g@%gggﬁg el@tdrg X?n%‘g%mﬁés phot ocl eavage agent
i f suiltaBisy vahinrg ﬁt’l@cpf theLlasemsn B @ ldbels AmPid pfrefue:éfcaﬂe

I @léoRbplyethd b EfoctidnSbH A i
light" Idyg[cr)éu rc ﬁﬁ?qﬁq;g uch. as H%Er]l%crll Pgtgnt Rﬁ gt:;Q{ %G%éo Welkeretal.

pul sed” BF2EE Biisiabsis ghpotr kagmd F@vmmpfh hybndlzahon can be

S utu@eq bredreliyig thd Bybfiditien @d}ple&rﬂﬁodgﬁﬁ fan® ré é’d%iy%g‘af? el@c@x‘icf fkld,
YOYO-. 1. and enera enera

assay usin

un| nt%ﬁfl tE%/rém?pé’geu § Qretichpngpse gs d‘Eﬁ“iSffh‘F L% gﬁﬁem '?‘@IIPF@?H
eaehhveé_lpeﬂp 2008/40896t Abtoi Akedoatet in. Very | ow watt power
1oL © i 285 nR U AR k. RLESENL A A L OR e B 00
b A¥rBp FRethes i camplaiesart ideptionhrSey. cqulU.S, PreenasmivatibPublication -
rrmaszumo1‘!@\1@A1mfﬂxﬂswee§0%&ch eﬁlb% ﬂﬂgrg{o%’(‘&mcfer

dlffere ht sources can be oye

| el Gith A1 getktReal ténddn@CitN & KRG 4. %ﬂ g{nestﬁlgfau?tn C%he oracr &

e mifouative about thé@rgsipeyibe Ioblhlhgddxt)ﬁlle biaer @S&%Mn thﬁgacg& mixtures is
| | pl ex t he ridization
m@{eﬂﬁmg%fab% ght 15%%0115”%%1}1%‘3){ éj flnF Yes B’@CI?]?A# éand/or
S ﬁaﬁéﬁbel) ca@bfﬂdégé t9 olytien Whﬂf:htah‘@dlf cdnping the m8ltipE:oh Bcitéfbﬂxzed or
f Ez@mﬂ: ﬁﬂd&eﬁ&ig% oftSor B@Hgtﬂndpﬂo%o%r tﬁ)eaﬁtognpénents (El\%‘\a hé gigzgtgcg;

Tol un et al
( ﬁ&fb‘A") °a§§% @dh'%ﬂmm f di5eEpte 9poyms or ‘fW@ﬁ\ﬂessxfén otaertvisslirciivisiug

ActimghsnefRe.s . Exﬁlﬁﬁ]& (S&pchl&m{éasﬁtlﬁ}nclﬁhe L:kll}tﬁ’Q.SMAtl%E@F and/or label
ha | gesti o

not
WP NS o e i i B o e perein Ppbodiments
[]imconpmyte cpin be &y Toagqnumvbdrelqm&mue:fesceﬂwyd MR QP the@ype
S @il ic 8
cERRG o A6 BRI E G OB IRL A R« v
THROSdEERHcaR é’ﬁa?a?%lsm@m’fﬁwvmsrs fM@Bs) of Reecal - Tr2 Mes

Cﬁﬂméd&i(z& Sm akb Qﬁt@lﬂﬁm afditi Snrﬁedlmﬂoﬂl%&ng&s (ﬁrth% B¥brﬁ lron rsn?xture
1.ONlI C SOl I

?“g (t é ﬁ?peg X"f%f‘@?ﬁ]e"l‘fﬁ"“aBor‘S‘yﬁl%Gmasmgﬂa@cground noise from

haolotspedifiz ﬂﬁdrﬁsﬁbnﬁﬂ Riclals@UISeBatdnCApPRERi bR B EEa AR CT00 58322 A1
tﬁo'ﬁ%n%:etfh%{all abel em ssion after being irradiated one

I'mes. The signal neasured is preferably the
fluorescent intensity emtted fromthe hybridization
m xture. In such enbodi nentig, the binding affinity
between the probe and target can be directly or
inversely correlated with the intensity, depending on
whet her 25 the | abel signals hybridization through
si gnal quenching or signal em ssion. Thus, the
fluorescent intensity generated by intercal ating
agents is directly correlated with probe-target
bi nding affinity, whereas the fluorescent intensity of
enbodlnents enploylng non- |ntercalat|ng fluorophores

a o o

S g

iR
Olla &l e e'n? ! y b St cotam ~
t K9 Fo8Y the msitng imperampes:of pre ?Sa%’ef % thigy e¥hibit qoiparalils bigding - -
. oﬁfnblearfsr tarfetd angladmm@fabididétdamER04 proBN Ll R StidnSissays. SeeUig. ¢

Pk fUlsak) Yoauel Yl whgre | abels having different = 77
excitati on characteristics are enpl oyed. For exarrpT e;
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binding affinity. In certain enbodi nents, the
fluorescent intensity increases (or decreases for 30
non-intercalators) along with the extent of natching
bet ween the probe and target, preferably over a range
i nclusive of 0-2 m smatches and/or del etions, nore
preferably over a range inclusive of 0-3 m snmatches
and/ or_del etions. Enbodi nents of the invention
conpr FeePrienpfiafgitian;of epmpRrenivintae iybtdizgiopraixtuzaran pessignificant in
r @6t efbinshgN HoSeder) Wl er bt li’cﬁthhﬁtt He Brdérhﬁ a@d;@&eneécﬁbeaso
t arget nuclei ¢ acid
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Wiree B thah étenm}h@ drdegl ef additidohan ideaisie eeterfed grtiad of add@tio, which

f n bi n

a%%?‘gﬁﬁ“’“ A P b il s OB Yo bl S
t Fexpsetesthediscpyered gt Mdﬁﬁutmgarwt Piotie apidrequame e.¢. h@mhladfdgethe
NEGHRE GandHid) b §8 DYSHISSHRAN R Oast RECR VAT F}%ﬁcew s{;é@lfgﬂeand

nunmber of . m snmatched bases, the nature o
nieRTIR{T% NPl dyPattipules i gurprisine considezang thpt addipg the ibetto thethybridization
t B tke0asis imore pedferiel Gor aarammsnﬁ@saxmwﬁ hin the

hybridi za 0 he net hod of the
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ni’\%ﬂ@dh&hN@”’Q)Oﬂbf?kI)_@t e#cX egié?ndﬁ ﬁ?rgd tsgi&b%anrugﬁtbe lIIec!rlcally

acid sequence
cHPfreRad o rameinine d%ﬁ @abeaglthaomqg ¥erpiopeRtsoo foimtae ahsbrxdehtlon
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fluor {.. Si with respect totine can
R T AR o M twlt@w@vbndxzauon--=---
. .peroﬁcmc tThanbatiat . slregluttticovearpgedd d‘iUblﬁlE REShAGO Ghinu®8 Cﬁf@é}gﬁv itd

%y gl’ ljﬂglltZSaLI!OIQ r})re@r&ﬁ”o? mbR r‘Jha E)] ernxglte? Puvlennrtngxrt;, %raéfe?"i)ly agow o |

wherein an 1ricrease I n

o ndi cates a lack 0 :
p%ip ?0 02 (f‘r%ls gﬁgggtg tile tFrW m)) %gaturmg WFrﬁBreaﬁ&r%meﬁ@ﬂEﬂure: L
smgni&h@t gedvearat gt doypbla-strapidi tehgat atutiein ati X:Edﬂléxﬁze and explicitly

C t.i abe
aﬁ{&lg Ser t gﬁ%&%es = E%Jag%per ect exﬁ%f A Su‘l@ 15153 ‘%ef‘?}’érf’%
AIBTERSERIINt RIfRrEs a%tbm add cagt; gegay pust uanrsessary mpkx@rta the method.

I Nt enghd MbdizaBor hikhid © irkAGiKE Wih c&eﬂﬁrl{gﬁtcpgcff%]& B 985 the

not decrease over  tinmeit is still possi

oIV SR P SRR 58 1of St gt affre dodhgtiomgnd fhemaneaisored for
Winerescede ;H&&yt@ﬁiz&‘ion miéhiFe dohiils iﬂﬁoﬁ)ﬂﬁrem:cﬁ WY@'( emY)@tY'@'—ﬁ an

chan rrate
e tagign waq'ele %thtoﬁ A Prefteréﬁ% It éé}ﬁ%fep élﬁcob’ffe‘i thg ﬂﬁ]pg%fi@ﬁlty of
ﬁn= b@humglh@mstc%wnw@nﬂmmfamohns ghoult prafenabis bedaaamser otk 84

on th
| or RS o Y IR S SRS TRATSID by R ol

aﬁ‘%w%hr@m&ﬁaf OB lightyourcesscan upt ondyabelish tha pssomimt gfo datage the
p{e@eﬁ§@h}&hﬁ e te@t@ﬂﬁ}ﬂ&ﬁnﬂom sutrsp%luénag’ hsjsdytecyusfﬁtr a P}% %af ?cxvered

dt r.anete ng&ﬁhe assay , order o
B RO AT T Crb St A REoSshige peeoHic pralytmulte.
elaser) arctheimast srefetoed radiutibiedurtd h&hﬂﬁdﬁtsfp@wchS[br%ﬁw sources,

mul & t h
RSy '“Pﬁg?ég PTG sl PBgE AT S YryHarbssagently

preferably conpleted within 60 m nutes of providing
the hybridization m xture, 150re preferably | ess than
15 m nutes, even nore preferably about 10 m nutes,
still nore preferably within about 5 mnutes. The
entire nmethod is preferably 30 conducted in | ess than
60 mnutes, nore preferably [ ess than 15 m nutes,

still nore preferably |ess than 10 m nutes, even nore
preferably in about 5 mnutes or less, at a

non-denat uring tenperature.
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The reliability of the invention is independent of
guani ne and cytosine content in either the probe or
the target. In the traditional WC notif, since G C
base pairs formthree hydrogen 17 bonds, while AT
base pairs formonly two hydrogen bonds, target and
probe sequences with a higher Gor C content are nore
st abl e, possessing higher nelting tenperatures.
Chlerecdqere es yuitablp 4Q Garpapyt thei st sEsY Q@ and caeesally eersee

ChaiG MBS tifkfedpinht Binzeld ni kQPbRIeaNd 1&&%%&1511;[0% VP ow
above t hat sent erfectly matched_hybrids may

P R4 o loF T SBHATSGS o Loty RO Wy Rreomogmatiment
npavert bivesla o bades, cAnie ke tdrady aif tht fieayitd e kird YOYO-S fluorescent
u§§£&%sfor detecting genetic nutations, including

, W th an unprecedented conbi nation of speed and
rel i aBing primpore digierend |ight sppices cawbp ramipedite jpaditts the labels. Irradiating

i me ﬁﬁcﬁmmp@m{y@fbe@ﬁé SO ERR: v S6hoB ic Q&. %rfy"qseful e
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f-ihe mignahpreifiesl feom t nd BibHfiFaten medmﬂb eﬁwtep edprmpiss unbpgd: p'obeo nomf

o P@@B@@@&I MripldxBe P&Ml}ethe ﬁ@i&n@gter@dmpﬁ&@ﬁéugeéfﬁ%&t&% 51;19.;-
20

col l ect" tlss | ood

‘s PR AR eﬁr?d%tﬁ‘?"f %9%93:%56’ SUoU L In-certdin i

enbodiThekybsdizatiommix@eithag be mcdﬁﬁ:‘edl drie Gﬂﬁd:ré)ﬁknisa@ 1db8I emlssxon after
a %Q%ergo‘?atetd %ﬁe %glglé%eg OrpPY %?-;Xf r?egsure% is rpregesrazb {'ﬁ{opg%;&t nﬁedmty
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Preferﬁ the t S a nucleic acid or nuclelc acl

afg BLE cleB’H’dfé“%Qf"“H’aggfﬁle BHFnChing s t5128# Anisson. \ihish the

atﬂu&rmt mtamsﬁy geteet Hbinﬁrchlﬂh@ kel isaliredtia BbriklaSiwith bRB& S et
| east one

at
c rb ’6’33 %& KNG ereas)the HOT e$§ ﬁﬁ‘f)egS’tg efr’gg‘{”f‘w Bl HEERPLdtFrqalating
tﬁleoruﬂ;bﬂqmbvalanld blewrtd touthg| pebbp ey b¢ mlodryelyi coeklade with @robagrget

( gxrngmg a 1111915 i Jeﬁﬂﬁ%oﬁﬂleﬂs HRRRL Lenflﬂ{efﬁﬁ er)crean dﬁglr %creases Jor

e or other means or Q.

u ﬂprqm@tcyatarﬁ)sa&lg itk e wkter ofmpiching hgsivesn ﬂS@eobe a_mdgarge ptgfeabls
PQV& Rtrad¥ incRsitdSh (3@ Shismthe indlb-Sele@HE Smébrd %%&rafb'l}p@y ap &
for. PCR- ba I'n certain enbodi nents,

‘%@@“ﬁgo'fﬁg? a“ﬁ% éeéﬁﬁbort sel ected fromthe group

30 CorEmbsdnmags of tha lhheﬁlﬂm cﬁmﬂisatcﬂxbraﬁnﬂﬂﬂbxhéh@tﬂed §i al Eﬁlnst
ode, olu a

S o B S8 et SR e T e i i

essentlally the sane as for the nethod. The invention
will be illustrated in noreledetail with reference to
the followi ng Exanples, but it should be undeéerstood
that the present invention is not deened to be limted
thereto. is EXAVMPLES
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Exanple 1 In this Exanple, we conpare triplex assay
signals emtted when 15 ner or 25-ner single strand
ol i gonucl eoti de probes are used to assay dupl ex
anplicon targets. Genomc dsDNA was 5 extracted from
a human bl ood sanpl e using a Q Aanp DNA bl ood
purification kit (Q AGEN, M ssissauga, Canada) as per
manufacturer's instructions. A 491 bp dsDNA fragnent

( S’EQ"‘?CDA cplbratipn custscands pererdied gvherein the olagmifudedf thy measured sxgnal

S{e@ninhdrant 1%%1@32;&)‘3@3.2 ?éﬁil%%ejogld% fﬁn%b%%%%f&ﬁe traﬁg? nncleis & acxd

Seﬁ'ﬁm??\%?d Ef’p% W‘“&Fﬁmg bytreppdhe targes pusieicppid anemcehe

S ymbdvm WE[dth@ﬁhnﬂ:ex?“ﬁﬁl sﬁxytﬁﬁfg B&bit?é na&u@@@lgiﬂsﬁa’c&ggﬂﬂ -G vs. A-C
eRL | cartri rifie

d 1SS oI vV e%é of )%‘Bgo"é)ef thﬁ en t‘:F(t‘isr) g “’E Syq‘i‘é‘lzatlﬁ’ﬁ prsgplex, etc.,

pihr: method &' the@mmno@&a@ BEA@d@W@ﬁtMﬁ(hﬂh@ﬂﬁéro’Be a0z @ nuc]exc acxd

e%)are i@l@é&?ﬂ&& AICTZ% chsktaﬁh gr? §E%| Bq?\ﬁq%e)%ee tq%ﬁ-gﬁ ﬁ]ﬁﬂlféc

e%‘ﬁ’“‘ﬁrl mer was mixed with 1 .ig genom c dsDNA | n a
100 ulrhdaen gt dad Be sSiatly bt aﬂd E%{&E%%% noftune %Bﬁll as

M ssj ssauga, Canad a
c?g"fn&‘%"gg% EFATRs? (et in the @V&S@n@#gni@“hgwpﬁ@t tfe@mmcam be
28oritged esbegds c(eﬁﬁﬁne(w&ﬁtesﬁe pmra&gerfect%am@s thd &feet nucleic acid
si ze-of t he PCR

sei&ﬁ%ﬁr)a’ hygr d?th%n?ru}?mre aonbamm & é'111 m&ercgl&?rlbdagaﬁlow}gﬁrsan ngysase in the
pﬂﬂoreﬁqe@a@%wﬂh rgfpect to, timey(* h‘@llsﬁb ingibages b perfe@ ABMICant & @&Ci@ase in the

aﬂﬂbk&&ﬁeﬁt sighdi RS x@éﬂ)@ét toﬁﬁﬂeWaﬁmE h mgigﬂt%q]laclf ofa Herrect match. Similarly,

was' per f or ned. he' concentration

PERINg AR EtEnals E"'“Bfﬁ“’éi@BI‘W’“dtzafl*cgetlxqunmmreemdumtercaranncr -
+ .- plabelfBgySnditae e @@Elﬁb‘aﬂhdfch aﬂ%eﬁébﬂﬁat&eﬁe%mvgf dA*Pr)éuc;!Nnder some

st ock sol uti on

spectr 0S¢ el | -
> p?xg%ésrt a sgmegéndg\n ensxtv oPa mlxlzﬁg lack llx;ng %)]Ferfictgeatﬁ%fxoes%gmasc over -
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synt hesi éer lSlExpedl te 890 eptive _
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cregreseitisr at i on of 1 pnole/ul. Probe CFO-15 (SEQ ID

NQ 4) sve%onen nmer SQQNA Pf{oo e deS| ned to be

conpl & ehy Ot OITpT EEHT Ay s B mes °ﬁ elorstingrignd egrsigpent
ofd dhfe a@é’ﬁls eromcplan @heobse toh mona thetl-dny L thPGRtRHP binf dnce &
4:9133[‘1@8' oﬁtﬁ%yt Gh8 L.ran(xer?‘ggg h‘»? 82% ée 1)drdeov eé-dl?lfﬁ% gybng]zatlon

aci d positions 50

(GG Frethrpferabs oiientee 2kabe Yariehee o@ﬁv@foﬂ@ns(x@ﬁ@ cBsNGuIg)le

vxmtocoﬁ to %c%éaymb{f@ TAT-3'. Probes CF 10-15 and
]}gw ?1\5 mer mut anE sSDNA probes identical in

sequence ona0F e, TpTpsgent gigne ﬁr%ﬁe‘a‘(ﬁ:@m"lﬁc‘j widie pR miinytes f

ey idrg $he hyhuid sration mixtwre) detelprefeedlly lesskhia 1 5ﬁﬁUt€sl'1€iﬁn r‘;xé}gl_pr%l%?@

%@%@&%ﬁ?@l#@re%&% g wé%a §1350ft53 Tlgg% %e gn)ethggalgﬁrerfergb]y
5:0:1@1\@ TS R0 m@mas, 1@remister@ily, less Bao tfe:nm stﬂlZﬁyrf( prEtEalHD
Nk thin YRS inded Qwﬂ%or@ﬁ%l 85 %f?’l}ug at a réoaﬁi%rmu ing

conpl etely conpl enment ary nucl |de S
'@ fse” strand of the wi I d-type PCR anpl ified 491

b dS]mlélﬂnﬁ ettheike i en n c i %r
os e @}‘3‘2%?1 “‘qf g*&‘ﬁ%’%; R s R e s

eé’m B siEEcttipf CEF W@a‘éﬁef*%sweec? b@msfpym thhees hydrogen
5 -TAG GAA ACA CCA

17



10

15

AAG ATG ATA TTT T-3'. Probes CF 10-25 and CF09-2 5
were 25-nmer nutant ssDNA probes identical in sequence
to wild-type probe CFOL-25, except for a one base
nmut ati on (underlined). 10 The sequence for probe
CFIO-25 (SEQ ID NO 8) was: 5'-TAG GAA ACA CCA AAG ACG
ATA TTT T- 3'. The sequence for probe CF09-25 (SEQ ID
was: - TAG GAA ACA CCA CAG ATG ATA TTT T-3
TI"I“ﬂI &Ieﬂf‘a“séravg paitg fosp g1 Bvodydrpgen Spnds daagst anil pioby seaticatcowith a

Shightr a&r Cf €Ysend are Mﬁbt&e&ﬁsessﬂfé hlgﬁ’é? bk @th SR H N dnfRes. Consequentlg

I\és Dalr %hr atg tat on oq?én faI I asers I ncl udi ng

o7 B4 TP PBRhe gt Mot °‘I“E?FI“I the bybridigerjaspbersgd tayget region
25>onwatmsehmmxemeehmmaa@nang@mfﬂ;wtﬁnmewea&@m&ocﬁéMm
A@ﬁs%gmhedg £0. mW. Coherent -solid state |aser, Mdel

apphire §§ 20 CEM a Genexus Anal yzer' .15

cont aiThs Aefhos okl ineaationcts pseful fordgtecting genstis roviations @rludisckPs,
3G qugrﬂe&aarzeq cBf¥blnatitn SRPET abtBreBlY 2616 A0k ééqnﬁ@&epeats

a, 20. Coherent solid state |aser, d
4BEISH eséwr depgtiongyqen alsgybe d"f%@%eﬂ“‘a@@?@ lw@sef i dptreiens a
t motdmdlrbgmrstdﬁﬁtoﬂ\ﬁﬁﬂgaﬁﬁm-or 8&4I ﬂﬂn WY SRGorki@Shplel 1951)ta?rted AThe
élhaﬁls f“?] r actlgég m xture tl)
con S% e PFST n??émcsﬁl RS PeaLingy (a)j(f?%g%l F‘I"'F°P'é6“t
4@1hlbiprr erdauctuge; (pbinding eZ&tqnarleoeai)aﬂlseLE&sm&r or 25 mer
sSDNATRI Qb c&b@céndl@%ovﬁ {é&Io off the DNA
08

i ntercal ator YOYO es, Eugene, Oregon,
USA) . *I‘HEVEP‘E@GP’PEJHCS%a%tW rteedore gl ethddstadsit fan patticiig taogh

ainkthadk NEKe I&W&b@&oﬂ@ﬁﬁs 88ngie édll@@ibn Mgdny &II@&Q W@ ggxomxc
| nCU %{‘IC Obeé& / g n L€ nper ature , €ess Ot
WP &t el Fot ot ??{:] ‘hprg"?ﬂoﬁ Eﬁeét ?WGII?H%’FIS on “at - RT

- .,( 24C) Stihble segidt dobktion mdaby mau&meﬂph@ﬁﬁdedl tBE»QméEGrcﬂbﬁQzals

-l\go.@emwéy &@9 @apﬁééy hyI%I bSQIba& % Bl ack. ..

cle
nexus aP'CEOéN reﬁlf EILIW\/

bot t om i rrad at

---.a‘?e@%c“im&r?tq Rerablyathe ﬁiglp& COW&WW‘had@mteﬂsgolhmvss];é} bl -
.o, Ofelld, a®ed, fibit GPdturh;hufiRbindbescek.Ne:-sanpl.es from the bottom... -
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f ch 30 I d at I
e o SN Rt O A

ankiit 10! hetiyd\bf srerkdrigta hidlbgical Famplyr 5 _ﬁt&ﬁﬁses&iﬂh&&dufgﬂﬁ hWEi}eand
e e 10U I on

”erﬁlgoa {? gsfﬁlg? ?%%u gt P%E tz!g':l_{] %g %e one m(?le aﬁaﬁlgrol’rl\%tgglon

urelrably, the tasaie comsisisyacidgor B@hwmceisanalqgﬂeesglemehbatvhas @een

| ﬁ]ﬁ’dtlﬁﬂl&d with @t 1d3€ons adNALR rlé?)@lgﬁrefe%ﬁ Qpnll ﬁf‘}é@cﬁh %ﬂtuﬁ‘l qtot}{/anld

t f] zacontrol roduced a relatively
Pl it e ifisaeea (13mpl atlsion o s bRAre method

tad gigtrowdmréferatly inﬂ(nid:hi&tt&gdc ) &Isks-hMQé(Eaaluppbﬂasueﬁ& Q QAL L Bdr
nt, of was . pr.esent

r e?at ed r eac? (frbdﬁm'fm%< m‘fhjfag ety ?@%Ia‘eaf‘“ﬂf @&%Pé@c%cﬁfé-’
f¥.8rRatenidNos & RASH mibisk disdesty 1d¢nt1ﬁasoratagsé@l]>k:l{-b@§ed hdasys.

f or mat, Qfdid I
| o e osb AR5 5 GRS 00, DIRRLEL Dl

HeRRERE plRstd aplat) ypeageent Blm; hancr@ﬂfftﬂ anrpéecmsie,meqolupmoine
capitiarptubd, Tabl e 1) . Perfectly nmatched DNA tri pl exes

consi t|n f the 491 DNA (SEQ ID NGO 1) and
15 ofhe F%Ejgabéﬁﬁdfﬂ’fé °P‘B%‘f‘haéﬁ°$°rﬁm‘tlbréheﬁ%saéifﬂféle@fcthm@so
nM YOM@arﬂyer(tsmwpllbe llldétcate@ﬁlaﬂtﬂlﬁﬂll Wil ryferexhcg fo@ﬁiﬁﬂlowmg Exam les,

f af t th
OLESE B0y S SLENE AL RO, & IR DR, AR Ty D
A-Cm snatched dsDNA: ssDNA 15-ner triplex (491 bp

dsDNA + probe CF10-15) (sasple 6) was 96. 2% and 95. 4%
| ess after a 5 mn and a 15 mn i ncubati on,
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‘unexpeefsEEe:

respectively, than fromthe perfectly matched 15-ner
triplex (sanple 4), when normalized for variations in
ssDNA probe control enissions. The em ssion froma one
bp T-C mi smatched dsDNA: ssDNA 15-ner triplex (491 bp
dsDNA + probe CF09-15) (sanple 8) was 98.2 % and 15
98.8% less after a 5 mn-and al5, mn

i ncubation, ' respecti vel t hanfrom the perfectly

mat ched 15-mer.tri pi ex%?%% 4), . when. nor nal i zed

f or - vExamatkeilons i n ssDNAprobe control em ssions.

Perfegt,l.v=r d F.. 25-mer. triplexes consisting. of
e, SHE AR A Bl 5 e Sl
f syrandedizdnpclqobiée pprbesseg sl to ofaly dBplex amplicoly @G@s 1Genp BRITEING was
. ved RE | 1d k SSi-0NnS

PR MRS SRR PR Bl llosk
Cfitsesem rgnada) as promanufagaredsippctions. fetd L b s Nreftagined (SEQ ID
280 toreSohdingts @ BRScallLSsARE righndr o8 3b bﬁ’th@&@t@c'}fb?ogis gene

enj ssi.o red t hat arjsing upon the bindi ng
ﬁewcsﬁ%%ﬁﬂé?%@ %é% : ‘E"H%ﬁhfaé‘wége‘iis”s THeper ugpsRprimes pdRe2)-mer
Aowsapdiegly synthaszed siea DI A AbtheEzer (BxHARS3IDS Petépade Bibsydems),

st vie:thiplke S of th upl ex target
t E a ndggl F‘gﬁiﬁas Lén\égifsgcri?? r'Pear&}%c? o%éelqgénc }r‘?{:%ﬁ%(? PP piimét: 5"-GCA
C@?@Epél%?% I'A‘W?gi‘?ﬁdswiz)- Sonplceietbe 20c0eri@ierpriigr:
a ssiNAo" - 2
( g _aC I gé? %mo ?Hg 25 16%I§A;tl)'?é m s naq%:)ﬁh?g’glf ggéeag"s’%gk s
p?‘BgEWI@FIWEE‘S’WC(dé%Nﬁ finee 1A 1l B rRorgastienomies pringsd T PCR Master Mix
| Kt @NSGEN, 8&ssishafa, ORE®). 9Be RUoRIhg BEORIE P¥efeter was used: 1 cycle of
respectivel ncubation, and 98. 5% oOr

after 5 min of |
1098 P Bt %Flé%%g‘?éf@'-‘\‘/é‘?@?cs 48 1Cer 3085 P R X G sech b eNslOf BRC X 74
U BRN Theh 328 6 tRABER V@ theminkbcchiignep 6y é&a&dngphoﬁﬁﬁ.'cﬁ@ﬁriﬁéﬁm e

l.;“t iplexes (sanple 10), when normalized riations . .
o BB RS P IR Stk pr U BRER R 0 e e -
- ceepegnttigpditie PERemplifiqd P TpigDN 6 trcdet Sit resitiivbibrinh e @Bonorse

Qr variations .

INn SS ope contro

. PHRRSSR:s §80mAs ﬁﬂjm&o%ﬁ%ﬁ k-@-pﬁl&@@ &Jﬁ%&éﬁf@%@%ﬁ e

20

in detecting SNPs in d ex targets. 1sre
YrHe T Gy 0

2uiranSetictiibiopib go6e @@ BsybfiesiRd ¢ LABH Flkhdsizel BiGedile R, }@r§cptp'9

j t in.a 15_b triplex.. . .To furth del i t
B R RS e e g
mat ¢ h2dbd CHOP1 £EEQ ID DO thasd E5hndr EONALHpdbE Hesigadddebe camfletely

1 . r..oligo obes un .
coompetenien g8 nocdpidegen o il BUBRTD- e P Gl
29 hedsDpb e (SEQID No: peverigrinpasino gpemisitiprs 50Ttd 610 [Génemics
canehistrnonsoi9f the reaction. Longer triplex formng
probeg can accordingly be nore specific than shorter
tripl &5 SPOERF &Y pﬁﬂbﬁaﬁg@?bI@EQ EnNO& wes: tHr&ACaChts Aeia CFAl
tTapbex, fornmed when a 25-ner probe is conplexed with

a dupl ex et in the presence of YOYO 1, produces
e 55 P GHER S O g SR e s A oo R seqnce
erwild-Hpnproledlifad & cxapiire snelidscamdatibd Jundefialaiye 1) . Thi s
resul I , ' YOYo- 1, il

ol [ B kB PR A RONNR, B FEE PRRANA LG
el%5%i on upon irradiation, such self-association and
t he CWMEMUCM&BrOXQ@LISQSE@m ﬁO%?w : %p.%k%ecﬂgoﬂgfg TGA
introduction of the duplex target wthout a Targe
enough of fsetting gain in fluorescence from YOYO |
intercalation into the m nor groove of the dupl ex
target and into new grooved9created by any 10

m smat ched triplex fornmed. Assay em ssions from

m smat ched tripl exes, which are less than eni ssions
fromthe rel evant probe control em ssion provide a
very desirable characteristic of a honbgeneous in
solution SNP assay. In this case, the nethod results
in a binary assay signal for SNPs present in genomc
dsDNA targets. 1 : Exanple, 2. :This Exanpl e conpares
quadr upl ex assay signals emtted when either |5-mer or

Biuroerseuengey dosiyedriramarcotiOiofithe
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dsDNA probes have. been pie-incubated with YOYO 1
atvarious tenperatures prior .to. addition:

to~the-reaction mxture. : . uplex~pro. es were
created out o conp ei nentarysense: and anti sense
157mer. or 25-ner 20, .. .sequences, derived from

exon. 10 of the human cystic fibrosis gene; which were
s%glt{]esi zed on a DNA synthesizer, cartridge purified
“then dissolved in ddH20O at a concentration of |

pnol ePrbbe (EI]iJ-iZgISIEQﬂD le)'h Wﬁfx Bim& @DNA%I@J&M@&%ed to be completelv
0 0 es re hea
e EARL A0k SRR Sl (e fhse R pBksokD e
TH51 8p dsPMNA Targpt (SEQ@/NEDTAV!:alanmebﬂﬂmmNH Plesons 588 1ol SB[ Genomics
t aMPensg Mesycool ed to 21 C over 1.5 hours. DsDNA
oligos were diluted 25 in ddH2O at a concentration of
1 profe/spquensg &5 peBe CEEE (SBR IBNOD panG ING cduprCaedCa
15Aae TS DANA T vie designed to be honol ogous to a 15
nucl egt i d nme f the wild-type PCR-anplified 491
bp d SPRiES ?%‘?’;gta“‘p ¢F§ & IV Ngmennjuta %@Nﬁavﬁm@m@mﬁ igquence
ato wild-pypsprdtie 18 1-38) bxcem @ 1 Oned aenMutARS (ulq@erhr?ea -228
(1991 e str of ds probe
&E% PR €573 i RO e o e Bparielpesics
?CG ApFlOb&-3CFl O- 15 and ds probe CF09 15
conpriashudmee MR hrdBUERTL W
§§gy e&?o &AI5K}ype ég pr Ré%@ﬁﬁs % excé%tA#érC%A
nﬁf t513nT ?underllned) The sequence for the
sens eT:ﬁ:nda amlyso i gdesed wvoﬂnﬁreﬁEa;leéalét%QJJh DINGr . ! Vﬂ%c been

e sequence fo he

ety bnlihe B ererd i BeRmor 5 mifaeso

5ion iAFAModeGIR 2 73T 2 BIBVERG8! Tecidwlopy Hhe idnked: 'ﬁ@ei@@ﬁ@dﬁ@ﬁ e

!' - I\Q()lﬁ%r NhSreft s%gd E@IE 1l %ep ge aredgalﬁr@%\/[,t%(e}enemfs d&nfﬂ?ﬁé

0I’TD| OQOUS to a nucl eotl segrrent

....-FfepialglﬁT)F MEP%(F’@@_{J Blbl ag@m leggr, @éqde ¥ II\/QEQJH@ Pi@ a Qdepgstus -
- omtyheamtamg«gam AW @dbkEnt PR sfal- RS, 1207 da tB% 2l e SRBRMGSr .

e RGN0 gg,.,grggbggg%ce For Lhe sense sirand °

T‘@&\MTCT TTG GIG TTT CCT A-3'. Ds probe CFI O 25 and ds

rob iR

P ont Pancrs il Gt B ISR N0 B e petopmpiges

eRé BAsDNG farget, d 36 pplesal i%mr@nzseuwd@NA mreiet) 0.5 4 OB He 150 nM
nte f .

SEauTIDe @ma:me\sgnmoréJK%gaﬁ%& Eifien pb%,?%@f%ﬁ%?

‘é““’“ fﬂ}i'ézdé‘éaafé?@& alf Qfper %%lesee‘%ostt finakvglugtes aild wpe pbwated
GER8m %pérﬁﬁ@(]lf}[\mlel@thev\ﬂ& md'i:ate&%llovﬁ;[é 5l; %utlgubgﬁa%e

POl s s 58 B ST e Bimapie Sl s Gk

Al clearbitons) ambbdmmtwmwhemnexa@&;ﬂﬁ&l§|Zah6arg6nh§fhas@+lﬁhﬁg<a
ex targets

e O A e,

tvsallgk;wéaﬂon DRt q@mo;ldesmawdl of 60 microohapetiNizstoBT0G etzS3 20T
[ ct abl bjnd if ,there
SR LGN SRS AR 8BRS obl s vt
prigsdient mBysesf ingbatipe Broninesus ASalpder wasnsst iedll accompanying
EREhiR] BB HiRFWise inddaRdi Ng  can less avidly
occur, t han. honol ogous: quadr upl ex bi ndi ng however:
20-,.:;; 1.25, pnoles-of wild-type or nutant dsDNA
probe were pre-incubated' in 0.5 x TBE
20




10

buffer with 30-nM YOYO-1 either at RT (24C) or at 30C
(on a hot plate) for 1 hr prior to the addition of
0. 05 proles of PCR-anplified 491 bp dsDNA target (SEQ
IDNO I) and 70 nM YOYO- 1. The 80 | reaction
m xtures were then incubated either at RT or at 30C
for 5 mnutes, placed into a quartz cuvette,
irradiated with a Coherent solid state |aser havi ng a
25 waVeq syt Rroges: Wos infphaish ovithyRiYCok &s@ cprimek pioduced yrefatvely
f hipOle @5 6€MioreCd¥hd Sk Odtnpartd @ thAS2khe dsHN AR &dﬁﬁ‘olﬁﬁ‘cﬁbﬂéﬂl with
Wﬁ{%@giﬁs andglllvered 80 Wcn? radi ation.
Y0 P somieh 0 S et Sl QY GReHER e G exssbrgton
dmomma Highdevipf Doearn@ibnts sSINA palie@onuldl ves b iesittoBthd Bihatdn
Q0,0M YOYO-1 for 1 hr at
s B OReE BB LYY O TR s MenRery oo
d@@ﬂA‘em* @fﬁbl()fé%?mCF than di\e A5 -perprobg @mtbtat @eblpnobe 30 as
descr pgagwasnadsied trtp@x&h&xs[s@r%qf{ho@l% Ao e(EEQtH?ﬁo 1) and

h| hest eni ssion intensities were gro uce

PHETINA! J erdemprdie@ssaen il M gO¥eP- %‘@mple&l pryduced very
rrmteﬁdeefrﬁmp%%einehmnmmgd mgpﬂ $nirdl Al BXBS of Gx{&&ﬂan&p(rdﬁ@'}% The
s ohe a
5 B0, e S R P20 8 o 0L
npebe(fFa0-31) (@@ﬁle ﬁbwul%é% andpsethianatd s misaidans mixf:@diibanon
S Q%l:tfggbo l‘j%.)?i ggrgg{ %%;@égﬂ%g% ihﬁrgg%éplﬁsamg{e ﬁﬁ Wé%‘,fﬁf“é%&%%‘ for
i Hreialipat B dsTAIA Rebe cppiel praisdiongt Thye emissiom &ein b orrdip G0 mésmatched
0 paraLabIeX 1?%5@%%(49@3;3%‘1)1‘0@ [&rd¥REF00- BY sAEHE 8)\WASH 29 and

es. were used 'in the reactlons

.2
??%:{Ifﬁlrﬁfs r 5? mg’@ﬁd?(bsdflﬁlnﬁ‘&f‘tlonsrﬁs(ﬂm cly, api&er e perfpetly mgtched -
Vi .spiamerﬁmmnt(gampifc 4pwiEd¥oindalifed mirﬁdorﬁﬂﬁssm&ﬁ@bﬁ@n@bgﬁlsswm S

l- . ass ay Pgrﬁgt\} mg&g@b@lﬁ‘ngl lelexes c%rl;]s(x-‘: %ge t}){hcplwf b}la Qs(\DLfI\PA {Sl‘" %r}D . .

v aNE 151“@6”5‘%

20

1S
w

30

Oft e ro el%rlor to a tiron reaction mx

+aaj>sm]mrtldb@th€il§ﬂiﬁﬂo]@)>n e biadidg dme“&sm\rmsgmt, ﬁ)bteld:d qsxmai |ENA

( , CF resul t.ed

q ﬁlgk}jprs ' B%lgls%ggis %fbep S%)F It gsg]et ﬁ R e O tripéex assay of the
i BHPEH 54" et "é%“ difhate ofkT-mergtobgyslunomgiFteld Yorhmienmantary probe and target
I onipReds! Rhiing A $p24-C hiddlakn ?51 b eHHRAL: | b6 2 %g siarg;pgﬁ) ora

h%ﬁer mtted fromthe perfectly matche
P oD 1o U 4! ) R84 5 proer CFOaTe) igmple ) prpdot eoiesipn
quatkitieptheces 9¢.49br tnp‘yod@BN&sﬂeaﬁi&lvlaﬂ@bﬁuﬁ?%Qub&% aQJi 980ﬁ§or

oo BB s B AR 5 B b e Barbess e pertcty

f metehred 2cmertriplaaes (sagiptyri 0), witee ngintlizediot Waditionddi eDNAtpkbba&ﬁ%l
I an. t hos
o TSI 0 B 0 0
Rinore SReeig thar the b%&‘ie’f Bredies ip dm@m@ BYR iy éuplwhegpts disiDidfarkable,

t ﬁfcﬁﬁ&tc&@&hﬁfﬂfﬁﬁbiﬁ%@@a Y\bﬁrﬁlsm aoﬂ@%%trgéx F l’%%blhsz

probes, than when, coriiplexed '- wth honologou
13,557 TSR 1 F b e T8Ot DN lets 1isgoRSF HRigeyect, e

| mﬂ@af:d ;tétfqaiﬂematp}fed b@&xescfcamdaﬂm PSS RE% hildi16,26,0897, 30 or 35
r' SN?2~ ass a 25- e

ngrr 1§(o pro 5 uggcrgﬁg&onssdesgflbeg ?bgac V\zcd:mplr %Q%ﬂaw'ewr%{ probes
associ at ed fluorescent intensities emtted froma one
"bp A-.C m smatched dsDNA&1dsDNA quadr upl ex forned
with a 15-nmer probe (491 bp dsDNA + ds probe CFlI O 15)
or formed with a 25-nmer probe (491 bp dsDNA + ds probe
CFIO-25) were 41.5% and 85.2% | ower, respectively,
after a5 mn incubation at 30C, than those emtted
from the perfectly matched quadrupl exes at 3 0C. The
guadr upl ex associ ated fluorescent intensities 25
emtted froma one bp T-C m snat ched dsDNA: dsDNA
quadruplex fornmed with a 15-nmer probe

" hEeermiedis ﬂt?ﬂ”tCPFécq'(é éiﬂtﬂll\/bﬁ@\"@vlt(aamelu 4R); produced " .-
- NARn A H0REHnt dAYssloBiRY AhiH RSN ORBIor {n%ﬁloﬁjﬁ'able ). Complexing . -

Bl LIRS BOE e e e
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““Vias” deTEP o
coove 204 n’errhmﬁxafixﬁﬁermnnmWupkmtsnggmliehlmeq}mamswd)r\zedmv U

| ; f %%%%s hal‘pneg'f pré B&bﬁ%ﬁx \Cd% Il Qt vfalj\cEAE t%x%laéatl(rg': Igg)to adamon-: L |

(491 bp dsDNA + ds probe CF09-15) or forned with a
25-nmer probe (491 bp dsDNA + ds probe CF09-25) were
both 100% | ower after a 5 mn incubation at 30C, than
those emitted fromthe perfectly matched quadrupl exes
at 30C. Pre-incubation ofthe 25-ner dsDNA probe with
30 NMYOYO-1 for 1 hr at 30C prior 30 to quadrupl ex
formation at,_30C resulted in greater sensitivity and
sip&e hf mest eRyeifitiperihy sendiiops 05\‘?5633“‘5‘& kepess Friplex S Big piobys can
Oficcérhifgh? B hdE spelmmﬂ te sidreteplak fobmidPprBdds. YOYO- 1 for 1 hr

o R B P Y A £ 5 B S
hduptex tieg imi thé nrasmxce |oﬁ tf@h@rlt, yorogmen gmigdion YYD id legnthastho probe
Lol EGLIY RIS
el QRRAEY bk Rlbarfifs 26k, (TR fﬁbergs%g HARALLBLEEE Fhile
d¥BNR- lﬁﬁfb%@'stat?\ﬁgﬁs%’%@o“ P@%thr?hsfﬁlﬁvsasmoersewme upon irradiation,
I fehl REtedcidion #AGhd bEblieaito? &Fo- ]-Ebﬁazgﬁidﬂﬁ &n iM®&Hiction of
ronoiinced \Nh@g 25- nmer d Dl}_k;« aral | el ogous
pPE SRR ETEE YERY. & REE SPUER Ry Bt rPéleeﬁ’F‘&B é?"’cXHYQé
rrmtee:akafmgntb the eniran grosp et iht epléxhape: aqipa nhab lgreoxds cr&zﬁedrm lany
p {‘n(i)sk’?lg?hed ?np%x %}B!zae saghiﬁﬁsrrngfé%ngl rrllglsmnglja?c% OJ tmsm(s o ar e f'are)fess than
r emigtiang froun thh feiFBa“ﬁEPbe szmhmlsswzﬁrqmp a vary @firahie lch:m@‘mc ofa
pﬂ&xbc%@neéus uRIluﬁJﬁ Si\lbgss%r Gt Edse, g'fc mXQ cgesui]ts a'ﬂn g@a@m al for
genom ¢ dsDNA was extracted from a sanpl e i
a SRR YRAFHF DIgR0OT SBYASIETS i cation kit (Q AGEN,
M ssi ssauga. Canada), as per manufacturer's
i nstryct |D3? The concentration of the genomc dsDNA
‘hed by UV specttoscopy.” Anitiséense 15-Ter,

gene, were synthesized on a DNA synthesi zer, ar T

| 109heprﬁ%cp?wamr§nd “di ss0l'ved in"ddH2O-at--a *

hekey Lpkind aﬁﬁ@lg&ﬂm&% mer

ax .@. s Wére ¢treAHADUTE dompie

I( gee%%nces en\llecri] #gérré axl?g }]% 02" t}ie %uma.nk%stlc é:roscfyfgxiswhu%lwsﬁ éynth&?efl gn a.

Fm HResEE, CBEel Mrifi ap@)thewamave@ 15 ddFRO dnatcamtntEGNA |
) O b TC e % o Od
DA SR, ARG Ay B el 0 L
c v qod aliqwise wepnsal gredeally mtkegprsericorid 0 mdhEéscrH 7-%6 MM E@@A and
b@@(ﬁmﬁ@ia@f bscﬂ'ﬂ: t@ﬂpc@fﬁ&:@ol@&b gl%&rtﬂS%&ﬁ's ]ing %ﬂgo 5@1% dlhl ed
where the wild-type anti sense sequence AAG i s del et ed.
Tiineddblefd taensentrationgf bpeeleidt t a F508- MU' 15C (SEQ | D

NO. 16)Ds \Webbe chi- IA@@QA@QJO M-gorg%gged‘%-r}_ “mer dsDﬁrA c %lgh@i to be
308 Wr20C

SDNA

orcmasls s‘}ugﬁ%‘g %eé’“?i‘éz’fé*&f*ﬁ’ﬂldél‘%ﬁ%ravﬂbﬁeé 4%‘d’P DA target

n IQEBQEIDIN(HQ Seatpgng anoio acid @ozﬁt&;ﬁﬁﬂ)s V| aminmlcﬁn N4-2£8 @991)).
Lo® ) AR L PLAR B o SRR Cr N A L ARRI DG ATAOs AT

acid p05|t|ons e se e
DACATEHO8C\WIBE. (SEQ I D NO 17) was: 5'-TAG GAA ACA

CCA A’%g' ;f%-BGCﬁ‘TO'-l?S and EE 9119& (%btlél cgrépgéedwgﬁ %ﬁ%ﬁg C?rc%bcs

NO 18) was a 20-nmer nutant SssSDNA esl gne
bédeefefﬂ'pql WP & Hdrtpe ds proPele - bb@ﬁceréfosmmut@ﬁonméeﬂmed)
sense Tt begitdceTbr tRseHRe sdnddf dé f¥6be CF10-15 (SEQ IDNO:11) was: 5°-ATA

TCG TCT TTG GTG-3'.
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human cystic fibrosis gene, except for a consecutive

three base deletion at amno acid positions 507 and

508 where the wild-type anti sense sequence AAG i s

del eted. The sequence for probe Delta F508- MJT20C ( SEQ

I D NO 18) was: 5'-ATA GGA AAC ACC AAT GAT AT-3'. 25

Probe Delta F50S-W25C (SEQ ID NO 7) was a 25-nmer

WI | d- tl% e SS probe identical in sequence to probe
gscq‘ﬁ" & TBSSPRsE SRR bW IRRIELEY-SHEER DD NO: 12DYasnaisA A

Za“cmcmanGTcssDNA probe designed to be

conpl r | eotide_segnent of the sense
stran ngéoﬁg %?S%Pﬂgrg 12) R B 1sPE4f prpfeodspigned to be
gésreologesedep?s fugrotie sreme ofiihd wik- wﬂerPeR-ab@Bﬁeddei dst@a}get
aREPD e the
a&% i se%s@eﬂsdgqug%%%%é lqg) %%ﬂet%g%%ﬁ‘réen%’aﬁ!@%é "?%&891)]
pr obe TRefeRnESdiNEIFeE] SHQroBCRO-BIPEQEBNOT 3 wATA BAEA
AACTAAEA ABT GAT GAETITTIT ©cT-R&3-. The reaction mixture (80
') containpe fol | owi ng;: 500 pg of human genom c
ds DNA%S E’BQ? QF 823 and gs B’PB‘B&FﬁﬂréWc gsmer@pﬁaesésDNap@bgsn@h@gl
_CI)_fBU ES@qulh‘f@fO wils-type ids PTB&MII-:ZQrexﬁﬁ‘fmron@&QmﬁatﬁB ?erlme@) ﬁ X
a C ssions fromt
react ?gnsg%‘n‘ggétg%rreg S?Al}éersér andaog?é’é‘f gf']{?s%Srg Q INed fHenatis™
AR yEEE TESTIG STRGTET C8TmMAR'ar gon i on | aser and PMT
setti AfSse nce n ramio b3 nut s of

n ubation. The ssDNA pro e ‘controlis

é|£c%ffc?|§{?& EdEehtT &4TsABon in the pr esence :
of 600 ahd YOX&yi dx@ﬁwséﬂqm e@lstl%tehhm A g L0§” ﬂﬁp:nt .

T T TN

oo - ofifplen oy g oehbied sptchﬁmlllydand dérbvebly ey saa dapik:erardBs: MRIs1eQprobes and: -+
lﬁnp(rﬁrmﬁ&sot}s QQQtsEé% Ral TQ‘E' &1ty bkt thefc%ggs WeispigCriok

am Sssi o ues .from e reaction mxX

- nEREPRISTEE betveep Progmat ageyin the pqminisx - sk reiiaiceubisiegrat bindng -

20 ehi ssi GhP Y3 Qn%wélg "(ﬁﬁf’%ﬁ‘%

30

scabﬁersmtdnyrbgcdr hen mmdgp.fslqagda,pgf, 6&ne ate0l - em.ssiaon:.

val ue,fromt| | evant %él on mxture 20.

O RICPGY el PrgvRspRatertin 0.5 x TBE
Hetfler wihal e 0 0-p eitee RITY24P@E)toed 80P CIOM A Hot piik) 838 Sir prior to the

C 1 [
SRS SR SN B apgaes o
déPERtledhafe Bl rezpgon inptires veese thenSinqubaed e.mmbatrloeat Jorc fohe

CC flnt u [ 1 l] a cren SO
pﬁl%:fﬂgﬁl g tﬁgg s[ﬁglr Weégg Ja#%??q N ?éolh & lSc'i Eaéegla%r having a

edh e B é“dsiﬂglﬁﬁc’fEF d@ﬁ@dlgﬁehg fQE eﬁuellesctrh Zmisioe  The lascr
Ciaadiitior derR Bivas 7O ﬁhSechfld daniveed Q0T %enfl SEMROE A% c{rmt(t:e(a gléﬁt Wwas
un r

b tro s al so remarkable t
ccé’ﬂ o ﬁy Scegrh e }Bﬁg ang %é“@ﬁﬁcggﬁi Q520 @riies sofrptret hese
per f eErHu;tubmtnodfacé dﬂ)ﬂAtpfdeI:&ﬂi@@ witS SRV S VO-YR): € he at 30°

t abl e t to 55
AR BLIGESh el B RN R R B e rippcdpooe
B g@qmbq@aeg atdedte tite re¢adiz mixtResathehigi@it amROEn 1&&;3%3 weregRRinced
QQ%@N’A@EW qﬁprletx&%ox%ﬁ m%ge%eét{ I tchee? gﬁfl%ﬂ'g@fﬂgéq%g@plexes

f or med first

(@ Ié’ﬁdﬂ%‘t H f‘ﬁéOkG(?FﬁH h%qné 49lehpi AN 6 ds brolrZROY-25)U @@ iidnally,
tilbabatiel bf dhé Roadten@biude the. ot her
reagents had been ;suEf?gﬁpggr%b$gﬁﬁséﬁea““??S?m%ﬁ?vks
five mnutes of incubation at RT. The foregoing
observations constitute evidence agai nst the "random
col l'i sion" nodel of nuclei@3acid binding. Tine
constraints inposed by manual handling steps have
precluded us fromnonitoring triplex formation with
genom c targets during incubations shorter than 5

m nut es.
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26 The tripl ex-associ ated fluorescent em ssion
intensities produced by a gDNA:ssDNA triplex
containing a 3 bp m smatch (genom ¢ dsDNA + probe
Del ta F508- MUT25C) (sanple 6) were 90.1% 92.9%
92.5% and 91.6% | ower after 5, 15, 30 and 45 mnute
i ncubations, respectively, than those emitted by the
perfectl mat ched tripl ex (sanple 5) (Table 2). These
PG ploigy LEPRr CRBASTYSoE EHErApabIT I P wseie
hid¢nstedp® RO N Be plﬁfafsl&nhamgﬂmelemk yuaﬂﬂﬂple)sahlhﬂidncgﬁms wére Rdst
b1 P 28 OB 2l S g 5t o
hebeno Selsitivey kel fprdifpite xts YOHI0- berofiordred :tmalelesﬂmassSNBs
[
g%%c!rﬂnﬁg{} bgg%pg{@ecgby ﬁ@ﬁwbﬁﬁp Céi?é f{’%%ﬁm & é’ﬁ%}iloa“ (o} t'f{e & aCH?{l (ﬁlﬂrw
o#ng ale rincubatiprafhsgreption m?ﬁursﬁm @nﬁvryxg twnllamemhlglg:r tharRih
genomneoﬂq,mmhom@go@s&a% G Qb %§m919mmr geké}ﬁmd' r ?%5 AC

det ecti on of related to the triplex Conple
VB S o e~ PaT B SHA P RO G bR o2 tPREE BN e
T(Rb Hpaz@md dt piebasEIay spaqmmuﬂl ilaruplt:564RRRE fhdiestdti dnission

PIEE R I T

d@wnlavﬂdromzh)‘—méwlmmmd F@(Dlslhbﬁﬁwmmn@le@sam endiip)A-C
a#nﬁgatg}fgﬁ Eﬁgruﬂgﬁs ME Gp ngN%C-‘t @s%r S,%EO %) Yro%_%ﬁtf%rmbfnatched
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2§uadrupfryes (&1110p dfAHE dS@fobp@FOPéeipro%s%dwplms@mared fluorescent
f e issash liQdRsifie] th£d Wel Boi 10098 0t zﬁ'tt:ll ﬁﬁﬁmﬁﬂc%tlw & IRTYQ%QE)JSB '

S e E By TR e B Redhsr i Gifrer SiviGam wrsobwetynen
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--..--S§%mg{ogm§§s-m, dsmﬂzgsowsws&&A Ac@é“ d !o,le%ﬁ %%E%ooes

intensities trip ex conta

= 2B bemprg %Pé%lfé%thﬂﬂ(sa%fﬁbﬁwx BrSRuAFoF SP esaying Bémerdupios probes are

20

30

F5e8rrdilJT20C) (san‘pl e 11) . vvere 43.0% 77.6% - 85.9%.and .
95. 5% {lovver a1 tﬁilg and 45 m nute i ncubations !
respectd JBAYPIY ﬁﬁsﬁc’f %"res‘éet‘ﬁ t“lleé‘ﬂt'%yeni"ﬁ?é’ Eefryra Paep PR A-C
paishadtell ysDNG DR @Odramax forfried bvﬁh(a Qsﬂﬁrp;brébel(@l Hp tami + ds

2o e’%ﬁl{)‘?ﬂ%pfonh@ew eavz% me‘iJ rogé rﬂsﬂﬁél o(pst?ro% E@@&{%H%’&

per ectly nmat rlp s an
t #1i 3% 2ot &2 % lowrpr lre@erdwdf/, a@@ mmnancd@mwat ane, t%ﬂmemﬁ)ﬁ:mm

PHOAGS YRS cRALLARBRY o300 Thd d1aeiR LAk RS ELY LR L Ol

_ trlpl exes conpri sed enom C

pPyBEdrone prsrbp %mlsmtﬁﬁ@ DNfrlelit quadruplexfermbdiihon S-mer prabe

4@9 TipabihIes-+ BQ5ebe - 1590@&5&9&1@%%‘6}%]‘%@ @l@?ﬂzﬁﬁml\m+ ds probe
bet ween mat ched and m snat ched

ion | evels
P e byt PR S PP C. G s ameies P e
Shepfedlly miattiet gaGifipRkes p0P@Ct mat ch 20-mer tripl ex
formati on over time cojncident wth acgg% ressive

decl i RE o AR aEr SO ARIODR i BN Y Graitr b 2 38 pror

pﬂhﬁaﬁfuﬁlcﬁﬁﬂﬁm&w go°g Mulﬁ@m\éﬂz&eﬁﬁﬁhﬁ'ﬁf aﬁﬁjspgcl}'ﬁcﬁtf‘lgantﬁﬁ?achxeved
od 0 of. i_ncubation (data

TSRS kP PR P RS GO DG o o KT ot

| dacseveu e gntemmnbdnefveﬂ 2SI 5k WBRTA ;ﬁ“ﬁiecv‘\htﬁdO md{m?@!ﬂamlf@fér 1

tri dsDNA and 20- ner

p}?oblg esgg“ \;\%/Zé?“é mgedlw vggﬂne ntY&&? ﬁ%‘sﬁ?ns%"ﬁ ?ﬁsﬁ‘éeldlf?ﬁ?e‘f‘?c@(/’é?t%hed
bet ween mat ched and mi smatched tri pl exes conposed of
genom ¢ dsDNA and 25-nmer ssDNA probes (Table 2),
though with lower triplex-adsociated fluorescent

em ssion signals. 27 Significantly | ower |evels of
fl uorescence em ssions from 15-nmer perfect match
triplex were observed when genom ¢ dsDNA and probe
Del ta F508- W15C (sanple 15) were incubated for 5
m nutes in the presence of 600 nM YOYO- 1 (Table 2).
FI uorescence em ssi ons



10

A5

30

observed from 3 bp m smatched 15-ner tripl exes
conprised of genom c dsDNA and probe 5 Delta

F508- MUT15C (sanple 16) were higher after short

i ncubation than that of the perfectly matched
15-mertripl exes (sanple 15). However, after 45 m nutes
of incubation in the presence of 600 nM YOYO 1,

m smat ched 15-ner tripl ex-associ ated fl uorescence had
derfmpiexgs fomer Mtk ¢itpr f-yner dSANAptobes o With2ERenisBNA pmbe thhen the
f }eh)dﬁ[n@tﬁﬁﬁlféts w@r%&ﬁ:‘a@@atg@“@'ﬂs&g@of §T bie gﬂuﬁ%{e%ﬁgm&él{x% (vhen

trlglex e162 was 83.1 % | ower than t

eYPEdEy y“ PF&‘(“E‘W@HO PEPURRIPbes pETS RS Acserdingly dw-me)prqu =
2moremslavedh&@emm thdl cofparabBsSds TRUmdt évaed f ol | owi ng 60

m nutes of incubation (data not shown). The above
results clearly denponstrate the astonishing efficiency
of t hé&xdwwiesr opol yneric triplex assay to det ect SNP

m sma Sk

genomt[gxb E&rﬂsmd@%g?ééet S %rﬁ\q Oé{})gglrrﬁi@&) \Jnran éenbmlc %ﬁaj_g&ts
aﬁé?teéwthé?mérs%ﬁrwﬁpmgﬂ WBSSQ@M?IOWSW RTyn tbtprmnce of Y&YO-
het eropol.ymeric triplex assay. of genomi c, dsDNA

target s I S astog conS| der| nq t hat 500 g[é

genoni CTAESRRRC 9 %ﬁﬁ" m7asblgag sirgnde usingaQlAammDNA
hbimulg;ennﬁammlky (ngaNrmaﬂstsmgm Cana:ﬁ))ﬁﬁ Mfﬂanflfa&&hr s\(ﬁ%&?{'ﬁgns ’12‘he
0 sin_hu enQni c s wei ghing from
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f Poifteas Aissolvad i ldiiAQeat hﬁﬂﬁ*ﬁqﬁﬁﬁ’@l’l /A Rerdstiat r ahydr of oI at e

- FeducpaseDbiIbRIvIg O esEQMEF oS Wabe 35420
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ntra - prol e/ | . Pt obe C677T- V\7I'20C

' ( SEQ- PONCPEB)F50%BIUL 1 204IRE IDWNDd 6 wie: 5aﬂNA1umoﬂBNA probe ‘-
. d@élb&'a%%e c&rﬂ:l%nﬁ&qp& %%Qtt.og[ky scHen?bF%l% gc skrla,.]n%t Fexon |L10 of E‘;,g e

20 -

segnent of the sense stra exon
MReRe gk fbropiRganeycaeeridpra congeputive thrgdase dedetion O guyinp acidiijpsitions ™
saqumme whet thp m«hleypéiﬁx?x?e}{se\é&&% B RER defdeMO 20) was:

-3' . Probe C677T-MJT20C
(SEQ WC?G%T P{RE D%é%ﬁ GhR Déi‘ﬁ%& ) BrobeAAC ACC
i 48RtQAAATTBh sequence to wi |l d-type probe C677T- W20C,
excepi’roﬁcobelé F@é‘ﬁeW%Eﬁbtlﬁtﬁa r117)( und%[)-lmlern%/gg EyﬁeyﬁBHg probe

MI* 1-1FR 677 pol ynorphismi's a’‘cytosi

strpger fabe peseplqmentenyo sA0myceotide sEmpntff the brose sRHIFRxgeimf the
I IgSddh &ysm&ﬁxs@&eadva&bﬁlﬁu Jnﬁna@ldlpeﬁuoiyhﬁ% jgtion in the
MIHFR_enz guence for probe '}T MUT20C ( SEQ
| D NO'ZIF ‘\REE f°‘"5”°b€rél&i”ar‘é& FEROC AR WO@GV?’@C-SSTAG 2BAA
PACH B0 EAT- TR A 1C3° (SEQ | DNO 22) was a 25-ner

w | d- to be conpl enentary

a 25 h’)ég‘l e oftS [1%@8 Segfie n?ﬁgf nﬁg 1De¥rs & 0gmes mytap ssRYA rprqt)e
odesigriea totbg peaplemeiF R cRmeacleofifresemeed the @nfeGiranp b HdX6n 10 of the
LT i S50, 9, iy L L
N 213 508 Bergtho Bilgrivpe sptitcasstseaseONAAGilslste.dent i cal i n
sequ eﬂ&%e@u@nc\é\ﬂfdr Aroby B@m%%@ﬁﬁ@ﬁﬁ\ﬁ?ﬁg 118F WA E @t A{"g 'G&a

one b%& mut at i on. (underl i ned) sequence
7S 293 (SEQ | D NO 23) was: 5 -TGA TGA TGA

25
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AAT CGA CTC CCG CAG A-3'. 10 Probe C677T-W30C (SEQ ID
NG 24) was a 30-nmer wild-type ssDNA probe designed to
be conpl enentary to a 30 nucl eotide segnment of the
sense strand of exon 4 of the human MIHFR gene. The
sequence for probe C677T-W30C (SEQ I D NO 24) was:
5'-CCG TGA TGA TGAAATCGGCTCCCGCAGACAS 15

Pr obe 9377T7NUT30C (SE D NO 25) was a 30- mer . mut ant
ssDNA FEPs st BROSWRAF (SH IR Nl Breds at25-mver Wild typp esTBVA bebe
Caiéntibal\\ @ienceaxgreptcFhnes.a one base nut ati on.
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t F’F"}?Pt@%-"a@g E"@"teme@ﬂfi@m@ﬁ‘épYDd\(@#@ eltds tindtidmarkable that perfect
Singtt FribeaRiaked efll:86Hs $4n be%%nfﬁlazgm'ay %Jélﬁcr%ﬂ"{’ﬂ %%%n%docﬁ}lsrsgps of

fluores%§$ce signal s of target nom c
pFaL™F dFt e gt ?95%01 ahPiPReIoBirohf Hdy alspriemarkabe thag tuader critain

| conditics, tﬁ)d’]cmﬂ_shﬂtlev&ib ef ‘aa@serﬁﬁlfccﬁﬂﬁlxat@i@d TRIA &‘1516945 33?1 le 5) were
detected after

°S@{'§‘¥ By ﬁ“ F’%‘ﬁ%s &“138?1‘“‘5%“9%5{“ f?ll?@y mg dhednitial bﬁ"@vcgmprsand
V\@ﬁtéﬂsmmus}mbﬁt (Tabilg P endtdath he si&xm).l I’Iﬁ@ob&ﬁvagbﬂghﬂt e BRdcte@Fiplex
MIeges c)rm?ci’ll 4e %L ?Deéggtte \? ugtabl I%Ftcc ?rcri] ﬂ]rgugpﬁuﬁﬁlf g@m&flte period

g
substanti a %g
| Feraba s et thas pevgibriem fof the @elalnmmtgetcahd tigenteriagds Bhfbeen

t s’ﬁbﬁ@hal ylachfovedlaftBt@niy BSd Bidtlesf indubMbn bR HE: t]gggoum observations

trlg ex a say surprisingly did not resu
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data not shown). Perfectly

exes f
o B RE ey GHBR Bt Gt s irssens Ser ar
ef fi cacy, as evidenced by the conparable |evels of
reaction 10 m xture fluoreg6ent em ssions (data not
shown). Based on the level of triplex-associated
fluorescent em ssion, perfectly nmatched 25-ner
triplexes formed nore efficiently than did
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perfectly matched 30-ner triplexes, under the reaction
conditions tested (conpare sanples 10 and 5 in Table
3). The triplex-associated fluorescent enission froma

1 bp CGA msmatched 30-ner 1~... triplex in a
reaction m xture conprised of 2nggenom ¢ dsDNA and
probe C677T-MJT30C) ;... (sanple. 6) was 90.4% ' 926%

92.4% and 93. 3% | ower after 5, 15, 30 and '.45
i nufhe WRlpvEsAsiater Gerescanpepiasion; ivtensiies Rrpiiect iyt gDNAssDNA
etlnﬂlb)l Joﬁﬁimﬁé 03 uprnt 1hﬁatdh@@ﬁ6me&m&c¢ pH6IR Damrts@s Mtﬁgsd) R&mpid 6)

‘l‘('%d%{ )/egv gl/"’ at’ e ? gg/" ge Etgb% le Wcﬂggg |”BF1‘“% Ffriens,
Slrspcctn&lnﬂiammbgc,emMé hy the cgematchal o ENAanvess) (EshR DR drhese

V\feguﬁs & aﬁ?%m@ﬁsﬁt@ 'tMpigg? RS asga h\m?an%ﬂ&%@chﬁA homo%eneémsly in

m snmat c 30- mer eX-assocCl
f foltipre g &d n%ﬁeeaﬁll§@|aeﬁmfnrl@%ﬁfmp@twwwbm ofigd 9PM4 pibes

88d 2y 084 5 @ het8 806 ANE : Bifled X dnBVRIm AR cﬁfect%NP;é hun:n%ag gé?x@rgxc

45 mnute | ncubatl ons, respectively, than t
eFOPIEe & STHPBHT {0y EEHOBHE SRIEUM D RIpRERge 1P rﬂ@"){yh‘eof another

pﬁgfﬁll%mb} Qatho ¢ER i3 erpl SAsoltBiitaidifid Haln@Xgen @i BsDNR |TH@£S§%1@| prov:dcs

"bL 61 BOTRRLAR PGB B BT R S iR
s¢ognik aseimHﬂ@EdE%WTRIHTeEX MNEENESS caHRbiPly EXCIAEd v ghisigyerdion as the
OciBhic3S@NA probes to detect SNP nmismatches in human
genom c dSDNA targets. It is remarkable that a 1 bp
mi s radleFoRohymgrigprigly maime INIGriTiRieRIcengistirgrpf Brmomis dsDNA and

desha bultalmsnwm@: pratiel (IS w; b E@kied aeaméré dedeted after aSminute

di s erntlon e nat ched 30- e |
St PF‘%F@R&* Pf&“’“%%%‘{‘@ﬂ&g’ %?Jé'?’/‘e £hi %Péﬁ@élgnﬁwa prfet mstch <
-prrigeefometiof foNEMi2 4.5 aintte iclban@nwitFTN0-C afpbifedia BPtigificantly -

N - V\y‘lgnas gvujchcgd %ﬁtﬂé} EQ&&]%Q@A%‘Q&J&%%&&% Wer S§ I’]%}Blf']ggbeigcre used, -

GBI

forma 1 m sna

-tfﬂmﬁ’i“@i {@&Vnsﬁ]P]%iAP!PbesTabl e 3) t'he triplex-associ atéd * =
- fLuor ercEpiky-283cesed FRoredebrd htdnfifes FEALI0LAE. 1 le&tclérltgmm a3bp
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30

cont ai,n r vas 98 1% 99. D% .
Mgk Gyl S BUR BB Wiy e e
i BCWhatdi%n%, lowe sfigct Ly e yd 45 mamitd inaﬂnan&m ,réspedtitayy, thBethose
! GRAGLI) e BothHER p&@e@ﬁ,mahagzot F ok LS Yo TREE Drmouen
o-mer “triplex (sanple 1 T

f fhe I8V O disgamingfipn ﬁF‘X’F"tH‘rPérff‘é@)‘hftlﬁ‘Fhﬂqi mgma triplgxgs f@dA bp mismatched
mrﬁlé??eg se&%f FRémik BAON 224 d SRR LA %Og& waf no%ccraf)lg ]’o“ er than
gn 1 DNA and rlgwgbe C677T- I\]SUTZS . 4% 7%
LAY FOYEPIS¥ CqrRiisyd ohgeppic gsDNpigand %bmarrﬁaDhie PWPqﬁeﬁféaS

i mmuﬂeaﬁdumsn, ihe®ea tipy e zys mtnhﬁ;ﬂ rdshial @rﬁl brb@'gssibb’ nﬁrease in

gxgc%nknggon lnvFls B W%a%ng{é%% W:%c?]gd e ! f cé(giﬁ%ﬂée 2). 'fims was
coirbetedtp ¥ staﬂy tenan of neeftcemttﬁeZOhmeg hlpleexfceﬂnatmh osdp emé Eaireideny

otwﬂmﬁogtb@snemmém;daehédrzbmeﬁ%ﬁp%iﬁ&% H g B Y%@Jg(id

with either 30-nmer or 25-ner ss
t Hasqopigesd dage thapgprsioiHiagd S0mimpns afine @qefﬁﬁten@is@m After 45

t Ring®ed & inch@oetht hﬁérﬁrﬂﬁa‘ﬂorpfeveﬁs(lfefméd B8l and mlsmatched triplexes
hetero?#%lﬂrrerlclgg nat ched 20- mer trlglexes In
T he st e n R el el TR ErobeEresiglephto B Sisgmaion
0 ety betvechhivhe dand rrﬁ:t’nﬁlfbﬁed(ﬁ@ﬂ&}_s M;ﬁg&éa of(eSvid RDAA ahd25-mer
DN AR RTT ™ ol YRl SRR g ision s

conpar abl e 25 mer or 30 mer probes Al t hough the | evel
of discrimnation between Xerfectly matched 20-mer
triplexes (sanple 15) and 1 bp m smatched tri pl exes
(sanpl e 16) conprised of genom c dsDNA and 20-ner
ssDNA probes was noticeably |ower than that observed
for triplexes conprised of genom c dsDNA and 25-ner or
30-nmer ssDNA probes after a 5 mnute incubation,

i ncubation up to 45 mnutes resulted in a progressive
increase in
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15

15 discrimnation | evel s: between matched
and- m smat ched 20-nertripl exes(Table 3). The above
results denonstrate that 25-mer or 30-nzer.ssDNA
probes are clearly preferred over shorter: |ength:
probes of 15 or, 20..bases .for the heteropolyneric
triplex, assay of sanple's containing human genom c
DATA. 20, Exanol e:4 Exanple 4 denonstrates the effect
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purified by Qagen kit yielded nore than enough hunman
genomc DNA to <carry out over 9,000 triplex assays as
described in these Exanples, if 3 ng were assayed per
reaction. A typical sputumsanple, sem-purified with
an Oragene kit, produced enough human genom ¢ DNA for
over 7,000 triplex assays to be perforned. 36 It is
observed that all of the daka in these Exanples is
consistent wth the conclusion that YOYO 1 nol ecul es
conpl exed with a triplex nucleic acid emt nore |ight
than they do when conplexed with duplex nucleic acid.
5 Exanple 6 This Exanpl e describes a SNP assay of
human genom ¢ dsDNA targets reacted with 25-
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tyfp@cq@dG@t—[@th@%@\p\ probe controls for each SNP
assayed were simlar after 5 min of 37 incubation
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cia m ssi on values obtal ne
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protocols the perfectly matched tripl ex-associ at ed
em ssions dramatically increased when nonitored over
a 60 mn tine period (Table 6, Figs. 1 and 2). 10 The
tripl ex-associated em ssions fromduplicate m smatched
25-nmertriplexes in reaction
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m xtures consi sting of genom c DNA and probe
2789+5G >A- MUT25C (sanples 6 and 10, Table 6),
nonitored after a 15 mn incubation in the presence of
45 mM TMA-CA and 500 nM YOYO 1, were simlar whether
YOYO-1 or gDNA had been added | ast to the reaction
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m smat ched 25-nmer triplex consisting of genom c DNA
and probe 3849+ OkbC>T- MUB25C (sanpl e 10, Table 7)
was 49% 55% 62% 66% 69% 72% 73% 10 76% 85% and 88%

| ower after 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60
m n of incubation, respectively,. than those emtted
froma simlarly nonitored reaction m xture containing
the perfectly matched 25-ner triplex (sanple 9, Table
7). Accordingly the addition of specific
concentrations of TMA-Cl or one or nore Kkosnotropic
catlons added separately or in conbination to an assay
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15, ..: in .a progressive. increase in signa

em ssions. if. perfect. match binding is occurring,.
whi l e m smat ch- bi ndi ng mayresult in.a progressive
decline-in signal em ssions from an. assay-reaction
m xture (Tabl e%, Figs33 and4,.and data not.
shown) . : Thus.reaction m xtures can. be selected in
VWi chi ncreases in discrimnation | evels between
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1lt=is accordingly clear-.that,, a Genom c. Assay , may .
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rnmoni tored<bver: , .:time, which allow for
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20 Exanple 7 This Exanpl e denonstrates the ability of
the I NGENEUS TRIPLEX to formspecifically on
pat hogeni ¢ genoni ¢ dsDNA targets reacted with 25-ner
SsDNA probes in the presence of YOYO |l and an excess
of human genom c dsDNA. 25 A suspension of vegetative
Bacillus globigii (BG cells was supplied by Dycor
Technol ogi es Ltd. (Ednonton, Al berta, Canada). One
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noni tored at PMI settings of 32% (Table 8) or 34%
(data not shown), reflecting the very | ow 25 copy
nunber of BG gDNA assayed. At a 36% PMI setting, the
BG gDNA control s gave fluorescence em ssion val ues
slightly above that of the YOYO 1 controls, at each
YOYO-1 concentration assayed (data not shown).

Fl uorescence em ssion values fromreaction m xtures
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hen 2 ng of genomic DNA was reacted with either 25-mer FVL-WT25C probe or 25-
mer FVL-MUT25C probe in reaction mixtures containing 50 mM TMA-C}, 20 mM NaC} and
500 nM YOYO-1, and either YOYO-1 or gDNA had been added last to the reaction mixtures,
the waxing and waning emission pattern was observed upon monitoring the reaction mixtures

over 24 hours (data not shown).

Numerous kosmotropic cations have been used in conjuction with 500 nM YOYO-1 to
improve the specificity of the Genomic Assay and also enhance the waxing and waning of
triplex-associated emissions. These include 50 to 80 mM NaCl, 10 to 60 mM N2,SO,, 50 mM
Na,HPO;, 125 to 250 mM (NH,),50,, 30 mM TriMA-Cl, 30 to 52.5 mM TMA-C|, each added
separately or 50 mM TMA-CI in combination with 10 to 20 mM NaCl. The benefits of the use
of one or more kosmotropic cations in a reaction mixture and the best concentrations for use

under any selected assay conditions may be determined experimentally.

.- It-is accerdingly clear.that-a Genomic.Assay -may:be performed by forming: the:-++ -

--INGENEUS TRIPLEX in two or:more reaction mixtures assembled in accordance witixtwoor - -

- v.more protdcols which -are calculated to produce:triplex-associated emissions monitored aver " -4
- ;time, which allow formultipie emission characteristics to be observed and evaluatedio allow for .- - :

. .nore accurate-assaying.. - ..

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.

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 rpm), resuspended in 20 pl Bacterjal 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 QLAamp DNA mini purification kit, QIAGEN,
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 QlAamp DNA purification kit, as per
manufacturer’s instructions. The concentration ofthe 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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AGG ACA TGA AGA T-3°.
The sequence for probe csgA-WT25C (SEQ ID NO:33) was; 5’-GCA AAT AAC
CGA GTG TAA CAT CCA T-3°.
The reaction mixtures (80 pl) contained the following: 0.46 pg of BG genomic dsDNA
10 (100 copiqs), 3.2 pmoles of 25-mer ssDNA probe, 0.5 x TBE, 40 mM TMA-C), between 500
and 300 oM YOYO-1 and either the presence or absence of 2 ng of human genomic dsDNA
target (approximately 302 copies). In all cases YOYO-1 was added last 1o the reaction mixtures,
which were incubated for 5 min and irradiated. Fluorescent emissions ofthe reaction mixtures
were monitored with the Genexus Analyzer 15 mW argon ion laser at a setting of 32% PMT -

< 15~ . after5;-15;25, 35, 45, 55 and 65 minutes-of incubation, .as described inExample Lo i

o S eheo cInthe presence of 40-mIM TMA-CL, the fluorescence emission levels for both the bglIR-i-
- v “WE25C.and csgA“WT25C.ssDN A probe-controlsincreased-as the Y OYO-1 concentraticin was- - .

.+t i xincreased inthe reaction mixture (Table 8 and data nOt.shown),'-indicative of the level.of probe. ~

- self-hybridization at the different YOYO-1.concentrations. The fluorescence emissionievei of

20 ¢ - .each probe-control remained constant throughout the 65 minute incubation period.:Asexpected; :
the fluorescence emission levels of the human genomic DNA controls decreased slightly with
decreasing YOYO-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
concentration 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 1M YOYO-1 (samples 5, 10 and 15 in Table 8, respectively). The perfect
match reaction mixture signal emission levels were all significantty greater than the combined

fluorescence signals of target BG genomic dsDNA. control or probe control. The efficiency of
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enM ifi tht reaction-mixtures écfmtamlx{gfllOO c@pnﬁ‘ oOBY %Qon@gdgﬁkckﬁlﬁenc@g Dt
MYBQOCQW pﬂ%)%’ e gt }é‘f“iﬁe f‘% ‘é/l"‘ SGIr %T"SSL“’G ingrease ipgerfetly
[ ma@éd Rp-er Giplex muor@qﬂce’\érﬂxssidn (safiple15,~0bk \8) tlﬁQgMﬂlt b Brst 35
Wmeyofrhcutggonoaﬂa wl% aQJQAteZu in ﬂgcgescencyemqgélon was observed \phen 800
kgoplegjog BG genomxc DN)A v?ere assayed with the bglIR-WT2C probe, efficient triplex
formation was also observed in the presence of 500 — 300 nM YOYO-1 after 5 minutes of
incubation, with 400 nM and 500 nM being the preferred YOYO-1 concentration in the 80 p
reaction mixtures (data not shown). BG genomic DNA ranging in concentration from 1000
copies to 30 copies per 80 pl was also successfully assayed with the csgA-WT25C probe (data
not shown). As little as 10 copies of BG genomic DNA in a reaction volume of 80 pl was
reproducibly assayed with the bglIR-WTC probe in the presence of 300 nM YOYO-1, clearly
demonstrating the extreme sensitivity of the ]NGENEUS TRIPLEX assay for detectmg
pathogens (data not shown).

* Even more remarkable‘is the:ability ofthe INGENEUS TRIPLEX to specifically assdy-. :

1100 copies, of bacterial ‘genomic “DNA ‘amidst.a*hugehuman ‘genomic DNA “background. -~ -
¢’ Heteropolymeric perfectly matched triplexes, formed between the 100 copies of BG-geniomic - :
*dsDNA and probe bglIR-WT25C; formed iduring.a 5 minute incubation iz the presence’'of'300 .-
*nM-YOYO-1,40 mM TMA-Cl-and 302 copies.of human genomic DNA (sample17in Table 8). -
20

65 minutes of incubation. The fluorescence 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
genomic DNA continued to increase throughout the 24 hours of incubation. The ability to
homogeneously assay 0.33 copies of bacterial genomic DNA for each copy of human genomic
DNA present demonstrates the extreme sensitivity of the INGENEUS TRIPLEX assay for
detecting pathogens in no more than 5 minutes.

Example 8

This Example demonstrates the ability to assay wild-type homozygous, mutant
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

42
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dsDNA target (approximately 151 copies or 302 copies, respectively), 3.2 pmoles of either wild-
type or mutant 25-mer sSDNA probe, 0.5 X TBE and 500 nM YOYO-1. Fluorescent emissions
of the reaction mixtures were monitored with the Genexus Analyzer 15 mW argon ion laser ata
setting of 30% PMT after 5, 15, 30, 45 and 60 minutes of incubation, as described in Example 1.

Different fluorescence emission levels were observed for the wild-type probe C677T-
WT25C (SEQ ID NO:22) and mutant probe C677T-MUT25C (SEQ ID NO:23) controls, due to
differences in levels of self hybridization which are characteristic of each probe sequence in the
presence of YOYO-1 (data not shown). Fluorescenpe emission values from the reaction
mixfures were normalized to identify triplex-associated signal by subtracting the appropriate
probe éontrol emission value from the relevant reaction mixture emission, both of which were
measured after the same duration of incubation.

r +-Heteropolymeric perfectly matched DNA triplexes in reaction mixtures comprised .of -

.+« either wild-type homozygous human genomic'dsDNA: and wild-type probe C677T-WT25C or.
- ~-mutant-homozygous human genomic -dsDNAr-and‘,-rﬁutjanti,probe C677T-MUT25C;formed. "+
- efficiently and-were detected after.just 5 min ofincubation in the presence-of'S 00aM YOYO-1 -

(samples }.and 4, respectively, in Fig. 5):;T| he:efﬁ_ciency:oﬁmatchqd tripléx..formation, signaled "

. by the .appearance -of triplex- associated fluorescence; -was-slightly- greater.in the’ reaction =
mixtures comprised 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 (sémple 1, Fig. 5) after 5
min of incubation. The triplex-associated fluorescent emissions of the matched triplexes
(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

(data not shown). -
When | 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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Up%b?\ﬁ)}b%}ﬁgc Ysaloie D) Fig-5)\rerd 9290997, 985 bl 0896 Koo dhier 5,
15, 30, 45 and 60 min incubation, respectively, than those emitted from the reaction mixture
containing the perfectly matched triplexes comprised of 1 ng wild-type homozygous human
genomic dsDNA and wild-type probe C677T-WT25C (sample 1, Fig. 5), each evaluated after
comparable periods of incubation. The triplex-associated fluorescent emissions from 1 bp C-A
mismatch triplexes in a reaction mixture comprised of 1 ng mutant homozygous human genomic
dsDNA and wild-type probe C677T-WT25C (sample 5, Fig. 5) were all 100% tower after 5,15,
30, 45 and 60 min incubation, respectively, than those emitted from the reaction mixture
containing. the perfectly matched triplexes comprised of 1 ng mutant homozygous human
genomic dsDNA and mutant probe C677T-MUT25C (sample 4, Fig. 5); each evaluated after

..comparable periods of incubation.- - - ... . . . ﬁ R L T I LIt

..Fhe above results- demonstrate the high efficiency and specxﬁcﬁy of the method of
.;jagsaying wild-type homozygous,  mutantheterozygous or. mutanthomozygous human: ‘{genomic
.dsDNA samples. . These results were gbtained using‘ antisense 25-mer wild-typs and mutant
- p_z;o’Qes for MTHFR C677T. Comparable results were observed when anaio gous reactions were

.. .performed using sense 25-mer.wild-type.and mutant probes. for MTHFR-C677T. (data net .
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 ul (data not
shown).

While the invention has been described in detail and with reference to specific examples

thereof, it will be apparent to one skilled in the art ﬁlat various changes and modifications can be

made therein without departing from the spirit and scope thereof.
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CLAIMED I'S: 1. A method of detecting a nucleic acid

sequence in a genonmc safgt®™Ssai d nethod conpri sing:

5 pr oWHATI§ GLA®VBRIRONM ¢ sanpl e conprising a target
nuclelc ac upl. ex nucl e

or OVi I ng %xg%tﬁ‘og%g&%gtﬁ ?{msc%hcacﬂsergluen%emarﬁinomlcsam%%isadd method
sEWtrEse®: provi ding a hybridization nmixture conprising

the g@ﬂ)@mn@ R BRI sarhB€cotpFiliBe 2 Brgef Wb ﬂld@t?deﬁ’c@ of a duplex

gg agent and | abels; 10 incubating t

hy'b L ation mxture to provide an incubated m xture
conpr m&vndggapmbemmbrfsingabrobé]ﬁucie&rage‘seqﬁuﬂﬁet eic acid

seque Bro%mg r!aehyﬂfuﬁgﬁonaﬂg:mg1 otk e, éeeﬁ{ma}cd 'sa%%sle” Gnet Dbe,

i ncub i xture With radiation
sPYbF‘ﬂFaé’P‘éP‘B‘P°t}“éa§E‘t“§%lﬁ@50f the labels to enit energy;

- and d&ﬁcﬁtﬁtﬁmg’\@e hybeidikatiord inbtﬁl&eﬁﬁ;ﬁ&tlde%h %@Jateﬁ"ﬁﬁtﬂh}@ %orﬁﬂ?@mg a

pr.o mat ches t he tar ucleic 15 acid
séqu %ﬁgg&ett"ge "ﬁc PRBY SeREnse Ehe ﬁ‘@irttrl1 l#belsinucl ei ¢ aci d
sequeiirerdiating thyrivwibatad niixtur éh geliaton effectisatpintulatei Gagt kdine of

th,glag‘g;tggﬁ,hgrg,éﬁsmgonpl eted within sixty mnutes of
providin bri di zation
detecting from a uorescent 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 the hybridization
mixture, and the method is conducted without denaturing the duplex nucleic acid and without
PCR ampilification of the duplex nucleic acid.

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.

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 dcvelop%nent and information regarding a disease
state.

6. The method of claim 1, wherein the genomic sample comprises less than 700
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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m xture, and the nmethod is conducted w thout
denaturing the duplex nucleic acid and w thout PCR
anplification of the duplex nucleic acid. 20 2. The
met hod of claim1, wherein a single or nmultiple

nucl eoti de pol ynorphismis detected. .3. The nethod
of claim1l, wherein nore than one said nucleic acid
sequence are detected in the genonic sanple by nore

t han ®ne Sheiretiof Ghelaimss, wirgrein fhe gpnorticohmple adnsists essentiallyaif n
a&oftenpl obh side deB. detected. 25 5. The nmethod of claiml1,

wherej n mor phol ogi cal statug of an organi smor cell
fr omed\i\/ni 2?1]“3 °§ %tﬁc%i’ﬁ' gw&ﬁﬁﬁfhﬁﬁmngdmc’&‘?‘i‘?@ﬂmiasb‘°l°g’°al cell.
det ected, Thegicthomeficlsinol, wiggreiethe sstcaticssmpioispioieshian §kb i fength.
| eastjonerfnetibd QR Reh@Ratdhi Gos2l

devel opnent maend i nf or mat iregn ?engar gﬁ"ﬁg‘%ﬁ%g‘gtg%%@ughmm
JHeg 6. The nethod of claim 1, wherein the genomi ¢
sanpl B. coTiemiess of a6 1Wisiin #QargedAckRRER Seq@incd Rfongs to 2

t nucleic.acid sequence., 7. T net.hod of claim
AU o o iR B TR i g T o b enorsesap
dbebtaneg00 copi es of the target nuecleic acid sequence.
62 8. 13TheTHERielaslorehinty, fhdBifine pHE e, G sig ?@&%dﬁd nucleic
sap‘pl e consists essentially of ‘contents of - a sl ng‘ffe

Qg pr nugleic qqiganplagug 811543 30d1sss imlersthwher ei n t he det ecti ng
I S corducTednitivdaof leiabt 0gwikedin e lhbbridizdddn pldbRtRE LRRGs Qf

Gleak M lerein the genomc sanple is nmore than 5 kb
iﬁaF%gﬁlé%lﬂM 5 11. The nethod of claim1, wherein the

genomdc sHppnehol Of clpili e whasein thi intanglatng labeh @ompmisds lifkric
kdaninfBRs.met hod of claim 1, wherein the target nucleic
aci d sequence bgh’?ﬂg% to a, 'sa.t hoqe_n resent or

pr evi Sus| YPOSHE0E Hfic!am La phessinytheiniersriging fpbel eprsists pBYR Vil c h
t he g@nonTie npdopbielain 5 wobéinihamekls akGhtdulating@uoriRhdaQ ik
GlsBbdibiie BORARYBblRoiP ol [ UNI LAY, 1S @
S|ngle-stranded nucl ei c cid or nucleic acid anal ogue
of 15'% o By Weirdsofj dpim dp Fherein the. hyimidication trowotk agbmaiisre
Ikosnwdregeci N t he hybri di zation pronoting agent is an

i ntergal at.i nqg_| .15 The nethod of claim 14, .
wher el|C9h t he “%FPP ‘g‘?g%’imalr hege ’quﬁ'é?"d%tﬁ’ﬁ PTOEaUEnedpgeiip 3 qationph
@ycampayed gdipeted frobbthe Fivep qoesistiaerbf (TH:ENE (@HLEN-HOh 8kEl Ra,50.8

img;gfoé,aah@mmgsdhabel consi sts of YOYO-1. 17. The
met hod of _claim 1, wherein the | abels are

i nt erdal afiRyies Efcﬂaﬁ?) hotheren {r fabels aresondntereninting fiugtophordse

hybriai z aThe(ﬁ'ﬁﬂﬁr[ ﬁgﬁi_‘mdl_lﬂ@ha@ﬂﬁﬁincuﬂagon péi is TR m¥acko Rf mfﬂ{llgslo m
' I.n tne rrarzatl onofi ng agent Is a

%%ﬁ@bﬁtgﬁ e co_nL’Ql.e{gglﬁgwr?euﬁH E?tsfqgaf' %@Teﬁ ﬂ‘ﬁ“ff?’ wherei n the

hybr i2i zatlieaethod ohatim Agwimgartbe tiybridizatat thigreds maiftained at a

GEFHRRHRAC: SEb 80 QFIE RELARPREONS Sting of

(CH3) 4NCI . (CH3) 3NFCL,  Rad - REZy  Na2HPOL. and

( NH4) 72304The method of claim 1, wherein at least one base of the probe binds to a base ora

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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20. The nethod of claim1, wherein the | abels are
non-intercal ating fluorophores. 25 21. The nethod of
claim1, wherein the incubation period is fromone to
ten mnutes, an d the nmethod is conpletely practiced
inless than fifteen mnutes. 22. The nethod of claim
1, wherein the hybridization m xture is maintained at
a tenperature of 20 to 40C throughout the incubation
peri gt JHie methed qfplaidleiwhsteingt ledstpnd basef the piobe birtds th elesdora
GREepirasHe BigktBE WatseEridk iihenieRarf bS8 Rrabton Snd/ap le'B@ﬁlg ous
Ral lrme;)afct.otnhsechttia}zlir %‘%t ob e\l\aélt son- ggl ck conpl ementary Hoe
PRt eractroRoahd ofrﬂéxﬂmfdéﬁ’ s base interaction,
such 26.hatThe ethednipliend, Wisrea tepiopd aihe taiget AdkicicEe schRbda @)

| , ki se .qQf t he prob
B sl 8L Bl B B DR e p Pl
Vaat sdft- Crlite Retadhl daire bt vdieyin thegadiatipn is e daseribeam lmamidg @ powsy
ldenaieyl o0 gpoUt B4 Wasseé.nt er acti on, such that the conplex is
a quadru 25. . The had of claim 1, wherein the
pr ob Zq'an 8[1 h? )#ee thtog Phek 'mnggvlﬁwé?’?: ths Aueressen; SigiAl & Qeparest yigh a
ERfRey iygissche signd e fejermpine whrthipibe mbiead a sdrfea melfh CJp G iangt
WeierQBid 6dqhidnke. base pairing rules. 26. The nmethod of
cl ai %1, V\h%rgﬁ{eii n the radiation is a | aser beam havi ng
a powkr ThemeredPfglpiml phsreinghe detpetingoompises manitoriige chamgelim d
d flodrastem signaldver tithd o Gét@mint WRHREHE BobSheBEAY mahes HERRd.L d

j ference fluorescent gnal to determ ne
%“Eee?ﬁg? s %‘gep fdheren o P e tdipen gl PYitimepdiates a
Pofepimaick prd sdeimdass stbrefrossceR Signal bver tired indichidt 14k o alPerbact
whekein the detecting conprises nonitoring a change in
the fluorescent signal over time to determ ne whether
the probdbpathedef igjalﬁalt Whresin thp grobeyis eavided incthe hybridizatich
SBQUEN g @igetantratity@meint) sl tarkdd SRR oint bl J JrdbOL RS EERL

' I ' i: ndj er.f ec t.ch and a |
SRS lor et et il B e p B i e PR b ST Rt s
SompPiE RENSFLing ANt gid complex sypEting amO@! befige lahw tdmoshtraifon sdoed M
WhicMiN i intidnlb (9 EiRRErérS badfch gLk Ehaﬁé%?at'&}fg& %afi,i lézs?{himoan

arge

gne;cxntd%eatlw . attfillﬁ et saturating anount’, sai

saturat nglctérkh% “HETHERErEEhe concentration in

excedd ofThamethodjel clao hoveherkin deipfode haRdedsheftabeb Sndhis

BleY kAR il Nybri di zation m xture in a conplex

saturati ng ahount, said conplex saturating anmount

bei ng'-a ITAp@Ftheds cleim Wawtictsin distroninatiofiivifimbrescent signal from

HicE@dundriigals isaRux@lizddbe etigd Radked & Qdaﬁﬂﬁéfﬁfo%ﬁ‘geeﬁ inEQPAJEg&
a

change a. first rate ] ess than a 'second rate
lﬁrcg%eflﬁ%ﬁsla%%rf)beé%rﬁ?é'ﬁ? tF‘?léli’f’lschanges. 30. The nethod
of cBai mThe metheiogelaimBhevhoeintieprbiass 20-3b BAGLfba@phiR Glidne
to opiim 1 r.a r.or mgration, 31. The
ot ol of ey oy SRR o R b bR PO e o
PR redResinseigiediuorscensisngs backgr ound signal s i.s

naxi 64.Zedhdyne@Oe 6503k 1aREFE thdprof'e E;Q;\éidfﬂ ﬁrtﬁetdﬂy%hizaﬁon
%{ ween | ntt r%-hagreaﬂgt fa{llgg%’elr cal ated labels and”

Drober & BiEg S PHIEAOUT-dtectye's ypppdded frthe hypridizgonimiure fn 2
ednwlersaB0gtingumaouet, andittie@rope ipbeierigth eBELtiddo BRBASR Mo RAREr or
B%iraﬁgihi'n l ength. 33. The nethod of claim1, wherein a
[ ength of the probe is selected so as to naxinm ze an
intensity of the fluorescent signal. 30 34.. The net hod
of claim1, wherein the pggbe is provided in the

hybri di zati on
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m xture in a target saturating anmount, the |abels are
provided in the hybridization mxture in a conplex
saturating anount, and the probe has a | ength
effective to optim ze energy transfer or mgration.
64 35. The nethod of claim11, wherein a prelimnary
m xture conprising a buffer and water is subjected to
an applied electric charge effective to enhance a
sensi3i vi Thy msthod pfeslajmpi, Mbelein a praliiniadry nixausd compiigtaibofer 8
AR iP§uBfedt Sl 152 Hpil¥h XbdticRhdrs LAGAL por at ed
i ncgo thjg \mr)%bralls%i zat | _oc%hdrrng%x.t ur 2&9%&%13 Xsfh%ﬁ?%?%gdnegﬁod’
EPLPiF 2 RAEPL Ph te Pl ks iy srisequently derethoratsd tirtte the
tytbidization afi:inger  mi xture after the probe, the

hybridi zag. N t and the |ahels., 37. The

net hgg' o?f Hc &g?hgmc{%édwlé‘?lgﬁ%%{;%nmw ?li%?‘?dé‘?fh?ﬂybﬁ‘ﬂ?f‘?%g

ARPEVTE 2t the prebe, thp BYbsdizatiowrroricting ageot aniide hidis i di zat | on

m xt sre | 8BS inethddof e, WRdrdiPfle H’Jbri&;ikaﬁ&;gr doti“@%rﬁioﬂhg IBJ%IS
I e

enomi le i.s purified, sem purl ,
%ﬁﬁﬁﬁgit%jggfd’z&'?"ﬁweg%. The method of claim i1,

wher 8Bn | Bweletiod6f chhen s whereid tietoeinly BRSE RRurifRd, 3eHERRE, C
SARREG Rhifidet ected or gene product expressions of at
| east. two_genoni c sanpl es are conpared. 40. The

net had of THemathaq of claighle erain keyris ofigene protiugtak pressiomtin X fdnbreic

a2 ADE ERfrodhoribabislovar Rhst A 3063 itles B Blpks
sequ%ces?gf @chotg: nogh@ s,agll%lhe adj acent to the %e’ir get
nucl el ¢ 5 sgz‘ﬁ‘b grem Abp hybridization fibeire Birther compises a
whestieiofiprotivetharbold ¢ SR R sanmeFbit At BeRese: ABi
alid sehR@at one of the labels. 42. The nethod of claim
1, wherein the Jarob.e is nodified by at | east one

| i nkdd B aethod ofglaing, whersia tpptobo@mpfiseszh amnissich, quankter 2ad 4
tidag oheatip ik mb&ONPri se FET, FRET, energy mgration or
redox,sets. 44. The.nmethod.of claim 1, wherein the

I abel)&%' coﬁ‘ﬁ rnfeéhgd 85‘%’1’?”3?3" Bef“st;‘c brePe ipedifindion atileast one figkern
Moiher ei n nucl ei ¢ aci d sequence repeats, insertions

or de) et'i‘h@ Mhetifdd q}i{n@ ‘f,t v%ireir?ée [Héels g&? rir‘re I“Elo q-‘R%tI‘ gnlel%g/ m

1, whereip the detecting Is repeate naer vart et
SUAHCR PUFO* SEY the hybridization nixture. 47. The

met had. of The naihod df, claidh B @iéréin e GBASRRPHR qRnnl BRASE

st at g of bsmar . cell fromwhich the genom c
sarrpﬁé' vva@go E@?Eﬁ‘gwf@ : H}é’fe&’f%{?‘," BYf SeIpERPARRaL, TRFrtipnsr
delefiand asadetegted. det er mi ned. 30 48. The method of claim 1,

wher @gn e md@oHTLIG: ' | ram a. humar
S ? e of tissue, %ﬂ’??gim“?‘e‘*“fd§‘?%?{85§%%‘l‘“u?fa?m%f?ﬁa{’}m
QHPHbrifzationmpixtures | abel ed with a nol ecul ar

i dentdif i Rk inethod EFGlaR0R Ph&éln & néefRNG dis¥as@ad Ot S ol e
f claim1, V\ﬁerei n

.G le .65 49. The net hod
SRR i Pl A inel 5 s e e
th@myecbon_si sting of a bead, a plate, a nenbrane, a
filmyga nineremed drciafl, hest &Qgeﬁcmi@sa(ﬁxg{elils%tained 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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and a capillary tube. 50. The nethod of claim1,
wherein the probe is provided on a silver island film
5 51. Akit for practicing the nethod of claiml1, said
kit conprising: the probe; the hybridization pronoting
agent; and the |abels. 52. The kit of claimb51,
further conprising a container in which the
hybri di zation 10 mixture is provided. 53. The kit of
cl ai n#%52, Thgtwsthed of clairel, whemtim ithe erobd isprevidie brechuport eeektdfin
Sth rém&l&sthggf albbdd, apﬁa‘t’er llhﬁﬁblﬁr%nﬁﬂnsa%ﬁcré\we?lp%te}éﬁhde acolumn
collection device. The kit claimb herein
t 3782 ABEE R r corrprl ses a mol ecul ar identification
t ag laﬁi)apt ®ltk riethoti oiihir 1,ywhareBrOmis §6be@fprdvited &ﬁf\sﬂﬂéﬁ%land ﬁxgl
sanpl g, m 51 erei.n the probe
is provi deéﬁ"”"]‘;&%ﬁgﬁ%ﬁgﬁ’%‘g fé‘ccl: e S?'f‘glﬂ?‘)ﬂ?g U8r oup
consi BePAR: of a bead, a plate, a nenbrane, a film a
m cr omei,,lbnd@ao@rmh@@em @agcolum and a capillary
t ube. |t;)ib]The kit of clalimb55, wherein the support is
a si | Ye%ssiand film 57. The kit of claim51, wherein
t he pfobe Thekitsi riginel stutenatprisifigh @apihaiinwhich Hethybidiftion
%leﬁfeléﬁo bl e-stranded. 58. The kit of claim51,

wherein t | abel s _conprise dineric cyanine dyes. 59.
The k% oF“hedq“af i 32, whgiein S qontdinsr i adhwsédgo eoliebt splawm or the kit
hmbtrerebh@aietmum@mtﬂongemgent consi st of YOYO- 1. 60.
The kif o n the hybridization
pr orm§| ngf“éfg%tr?ir g]ang Js%itw\{\{h g}c Cgfiner PR BRIFRY lag id¢nt Batiop
fna@mmtméo igentir sowvesif trt gengmisfsarflt-3) 4NCI ,  ( CH3) 3N- HCI

2

N0 802 Sor i o0 N A s AL
SEPFWI"@{S'S@QPg“bﬁ@tW 2 eI s i arrpqrmpilchnnlgctltobea@hmmdc
sadpiligy ABdIPri sing a target nucleic aC| d sequence of a
30 sipgle- r e- strand c aci d;
provi gﬂgng Tgetl{ltao?gsg 3 Whgggmﬁ Su%p"Br'sc?ﬁ @?Jeflﬁ’@ acid
sequebte; Tbﬁﬂ@\?f‘d@n Ql avhtrylbﬁlpdmhm sixgie-srhndbd Hné canens i harping

t&%@@g]@me§anpl e, the probe, a hybridization
prono ng ent and | abels; 66 incubating the

hybr | F ol eV ieEsinthe Johels cormiss dimerispyasite dyest ur e
conpr 6% in g’hﬂqt of olaipl 32 xwiteteirt the labely g @the H}Eﬁhx@dﬁ@n f6inbling agent

%HSUF@% vd.ne probe and the | abels; applying energy to
e I ncubated nixture effective to elicit a signal

from the The/ovaf eleimakli wherain the ybedizatiorpronaliag exzht ing ldast o
t Eifhp&iind RMcietiMAsh BRI erdup RoRfs@RRSorRER, Sﬁ@L é E’R‘tl-gh C@ %2804,
tot et ec

REHR SRIESTEI ¢ aord'soquence 1o present | o the

genonst  sampkted of detbeingd ducibib gcidkeduert in B Benbriic SAIPR! stili BEthod
cotmlgnpmsl xty mnutes of providing of the hybri di zati on

providing the genomic sample comprising a target pucleic acid sequence of a

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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m xture, and the nmethod is conducted w thout
denaturing the duplex nucleic acid and w thout PCR
anplification of the duplex nucleic acid. 10 62. The
met hod of claim 61, wherein subsequent to the

i ncubating step and prior to the applying energy
step, the incubated m xture is further incubated under
condi tions such that the probe disassociates fromthe
tar geiﬂc“h'&‘ﬁel! e hykrislization aujitar ¢ proddechn idvebagdid ik e comprising a
dshRed it ta?ée?tﬂxcleﬁ(amgeg&%& ﬂgﬁra{emlc{}hanlgoe fsrom the si gnal

whet her. t he probe i s di sassocl at frorﬁthetarget
nucl PR ym%\&f“‘dgys@qﬁ‘& resbatsq mikis effsrine o Glicit afsignal from the
i mridvatidnatixturs;ands t o det er m ne vvhet her the probe

per f egt. (Ig JLar ucI j C aci

seque C%I Lt}ﬁg gér% tlﬁgﬁs eg?&%ﬁtix Cﬁh fproé)? eélﬂgl tzﬁget nucleic acid
SePetEe Eféhﬂfebt' @tWh‘@thﬁfdwmlw@ldstqe@ciaMem ircthe geontid¥ample,
afheredi tROdeRB@iE JY c&ﬂﬁﬂaﬂ Witk smgﬁ&% pmvﬁfng lof tﬂe Shébrffi{z:tmjgr? r

ubat i ons such that

2T e PRAT s G ipigbte e hevelonmlpsed mubont
R awipkification of thedpek exddiaugidst ep corrpr i ses determ ning
fromghe r di sa .Soci at ed,
from étzhe Ftisﬂae%g"tod %% ei%éw %e?n Bty ugné 3‘% L8 %ﬂ%ﬂ t4pypd prior to
derrarlyipgrReeTep; thiinwhatedopixtus i ﬁashernnguhmﬁ wudet doﬁilmestuhﬂliat
ttﬁbfprdbé Qﬁﬁsoﬁﬁt&f £t thy targ@'ﬁlu@lgg §clt1: s@cﬁmr‘c@ rag@mﬁhepéf&!hg P%ecgn stg%

rg rlsesg term f%-)he mat g € thé: o |rsn assogi oy ﬁ

CORRFreEE 8‘:‘1’@ P thfisiera! phithesthe mxqheis digassopigtedfromdhpdargst nutibie
ptg;i seguenes afd thocodditidya sBiscubatiod, Wtd’ﬂieterﬁﬁxe whber MR pRBEpeRctiy

€.
C;,',f&,éptﬂcta ation step is perforned %e fore
ae 25 |r¥%]aéﬁi§qflﬁsea§e &rgﬁﬁ 66. The nethod of claim1,

f urt Hér cBieprerhed of gla'al ls pasgeinstbseamentt the ingpbating bterpmd prioftethe
Ak A€ tep A8 ihRAbAIRALES & ﬂh&%cﬂﬂte@&nd&&gnﬂog%ﬁ h'lt%t e

non- tar et sgquence of the genom c sa
AR, el St SR o sl s P wrsin hesdieging siep

Fyhlgmrgmdgtergmmngcﬁpmrﬂ@ sfgoal whattet thepedbe xﬁgsaﬁﬂaﬂitalrﬂo& ﬂﬁ-!ﬂzﬁéegiﬁclél@ d
takia gheREelahdude &H@ﬁ&ﬁ of lgcu\?\}'glﬁﬂ gcpa@lo d gpmt rl']ngcher b?-ﬁgg‘f?g’z

The nethod of claim1 ereln
Fratehes dis daxgesrpelgisagid pagusice. once to pr OVI de m)re than

hybr i6di z altie @iathbd Hftclifng 1,3vhekeil B &oﬁé’lﬁﬁprﬁ@s‘%ag Brl'{f?cfre,ef‘aﬁ? B at
?gagclgﬁgdpmgg&\él dsetoso gaQ%g%lgg@n hybridization mxture is

om c sanple, the probe, the

hybr i6di za'fhe Gmpﬂpﬂ @fmlantmg vehgreinta sepachtisrhe@epl i p&kosmédbefdre the
d,lrg‘dfaﬁ}{u%{gg sequence. 67 f 69. The nethod of claim1,
wherein the detecting c rises nonitoring a change in
f1 uor®s c el &eEid ebelrppy f‘ggef tepraPrising & stems efeprovidingyai adast oxee r

mhnt&xgtpmbdﬁk@bMSmmdiﬂb ﬁﬂh@l‘ob& 8 Encﬂﬁ@éé%equ@rﬁ:& Sﬁ%ga\ﬁm%[g es
f_l ngﬁng ?tf.i Gxg&P(? ofC cl% ér& é \r}ﬁgs l{}?ezc%l;blg: %%ﬁp@tmggpmre for
edligging mt;@mrgy«mmansfeisn@m@ﬁta 2 6l entitlibglibe 004- 09- 24
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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<160> 33 <170> Patentln version 3.3 <210> 1 <211> 491
<212> DNA <213> Honp sapi ens <400> 1 gcagagtacc

t gaaacagga agtattttaa atattttgaa tcaaatgagt taatagaatc
60 tttacaaata agaatataca cttctgctta ggat gat aat

t ggaggcaag tgaatcctga 120 gcgtgatttg ataatgacct
aataatgatg ggttttattt ccagacttca cttctaatga 180
tgattat ggg agaact ggag ccttcagagg gtaaaattaa gcacagtgga
agaat Pt c a& h?‘&ﬁhmt"g‘g@?ll’dﬁhefalng‘letifticmcglgprimmgm gchange in
gBdes@iice amisagpockhefhrestkd sighd 018 tR0R defebdifEH Rl me

t agcg tcat caaagc atgccaacta gaagag@?%h
3%% lg%%%%?g%%%gg%%%%&?¥$TwW§attatgca t at gaaccct
tcacactacc caaattatat 420 atttggctcc atattcaatc
ggttagtcta catatattta tgtttcctct atgggtaagc 480
tactgtgaat g 491 <210> 2 <211> 20 <212> DNA <213>
Synt hetic <400> 2 gcagagtacc tgaaacagga 20 <210> 3
<211> 20 <212> DNA <213> Synthetic <400> 3 .
cattcacagt agcttaccca 20 2 <210> 4 <211> 15 <212>
DNA <213> Synthetic <400> 4 caccaaagat- gatat 15

<210> 5 <211> 15 <212> DNA <213> Synthetic

68



<400> 5 caccaaagac gatat 15 <210> 6 <211> 15 <212>
DNA <213> Synthetic <400> 6 caccacagat gatat 15

<210> 7 <211> 25 <212> DNA <213> Synthetic <400> 7

t aggaaacac caaagatgat atttt 25 <210> 8 <211> 25

<212> DNA <213> Synthetic <400> 8 taggaaacac
caaagacgat atttt 25 <210> 9 4211> 25 <212> DNA
<213> Synthetic <400> 9 taggaaacac cacagatgat atttt 25

<210> 10 <211> 15 <212> DNA <213> Synthetic 3 <400>
10 atatcatctt tggtg 15 <210> 11 <211> 15 <212> DNA
<213> Synthetic <400> 11 atatcgtctt tggtg 15
SEQUENCE LISTING
<110> Ingeneus Inc.
<120> Genomic Assay
<130> SP85352a
<150> US 60/612,670
<1l51> 2004-05-24
<160> 33
-<170> PatentIn version 3.3
<210> 1
<211l> 491
<212> DNA -
<213> Homo sapiens
<400> 1 .
gcagagtacc tgaaacagga agtattttaa atattttgaa tcaaatgagt taatagaatc
tttacaaata agaatataca cttctgctta ggatgataat tggaggcaag tgaatcctga
gcgtgatttg ataatgacct aataatgatg ggttttattt ccagacttca cttctaatga
tgattatggg agaactggag ccttcagagg gtaaaattaa gcacagtgga agaatttcat
tctgttcteca gttttectgg attatgectg gcaccattaa agaaaatatc atctttggtg
tttcctatga tgaatataga tacagaagcg tcatcaaagc atgccaacta gaagaggtaa
gaaactatgt gaaaactttt tgattatgca tatgaaccct tcacactacc caaattatat
atttggctcé atattcaatc ggttagtcta catatattta tgtttcctcect atgggtaage
tactgtgaat g
<210> 2
<211> 20
<212> DNA
<213> Synthetic
<400> 2
gcagagtacc tgaaacagga
<210> 3
<211> 20
<212> DNA
<213> Synthetic
<400> 3
cattcacagt agcttaccca

60

120

180

240

300

360

420

480

491

20

20



<210> 12 <211> 15 <212> DNA <213> Synthetic <400> 12
atatcatctg tggtg 15 <210> 13 <211> 25 <212> DNA
<213> Synthetic <400> 13 aaaatatcat ctttggtgtt tccta
25 <210> 14 <211> 25 <212> DNA <213> Synthetic
<400> 14 aaaatatcgt ctttggtgtt tccta 25 <210> 15
<211> 25 <212> DNA <213> SyRthetic <400> 15
aaaatatcat ctgtggtgtt tccta 25 <210> 16 <211> 15
<212> DNA <213> Synthetic <400> 16 aacaccaatg atatt
15 <210> 17 4 <211> 20 <212> DNA <213> Synthetic

<400> 17 taggaaacac caaagatgat 20 <210> 18 <211> 20
<210> 4

<211> 15
<212> DNA
<213> Synthetic

<400> 4
caccaaagat gatat

<210> 5
<211> 15
<212> DNA

<213> Synthetic

<400> 5
caccaaagac gatat

<210> 6
<21l1> 15
<212> DNA

<213> Synthetic

<400> 6
caccacagat gatat

<210> 7
<211> 25
<212> DNA

<213> Synthetic

<400> 7
taggaaacac caaagatgat atttt

<210> 8
<211l> 25
<212> DNA

<213> Synthetic

<400> 8
taggaaacac caaagacgat atttt

<210> 9
<211l> 25
<212> DNA

<213> Synthetic

<400> 9
taggaaacac cacagatgat atttt

<210> 10

<211> 15

<212> DNA

<213> Synthetic

15

15

15

25

25

25



<212> DNA <213> Synthetic <400> 18 at aggaaaca
ccaatgatat 20 <210> 19 <211> 25 <212> DNA <213>
Synt hetic <400> 19 ataggaaaca ccaatgatat tttct 25
<210> 20 <211> 20 <212> DNA <213> Synthetic <400> 20
t gat gat gaa atcggctccc 20 <210> 21 <211> 20 <212> DNA
<213> Synthetic <400> 21 tgatdatgaa atcgactccc 20
<210> 22 <211> 25 <212> DNA <213> Synthetic <400> 22
t gat gat gaa atcggctccc gcaga 25 <210> 23 <211> 25
<212> DNA <213> Synthetic <400> 23 5 tgatgatgaa
akegactiecc gcaga 25 <210> 24 <211> 30 <212> DNA
<€23BcatSynttestoc

<210> 11
<211> 15
<212> DNA

<213> Synthetic

<400> 11
atatcgtctt tggtg

<210> 12
<211> 15
<212> DNA

<213> Synthetic

<400> 12
atatcatctg tggtg

<210> 13
«<211l> 25
<212> DNA

<213> Synthetic

<400> 13
aaaatatcat ctttggtgtt tecta

<210> 14
<211> 25
<212> DNA

<213> Synthetic

<400> 14
aaaatatcgt ctttggtgtt tecta

<210> 15
<21ll> 25
<212> DNA

<213> Synthetic

<400> 15
aaaatatcat ctgtggtgtt tccta

<210> 16

<211l> 15

<212> DNA&

<213> Synthetic

<400> 16
aacaccaatg atatt

<210> 17

15

15

15

25

25

25

15



i

<400> 24 gcgtgat gat gaaat cggct cccgcagaca 30 <210> 25
<211> 30 <212> DNA <213> Synthetic <400> 25

~ gcgtgatgat gaaatcgact cccgcagaca 30 <210> 26 <211> 25

<212> DNA <213> Synthetic <400> 26 ccctctgtat
tcctcgectg tccag 25 <210> 27 <211> 25 <212> DNA
<213> Synt hetic <400> 27 ccctétgtat tccttgcctg tccag
25 <210> 28 <211> 25 <212> DNA <213> Synthetic
<400> 28 aat aggacat ggaatactca ctttc 25 <210> 29
<211> 25 <212> DNA <213> Synthetic <400> 29

<caal aggacat ggaatattca ctttc 25 <210> 30 <211> 25 6
<29212»NBNA <213> Synthetic <400> 30 gtgtcttact

<210> 23
<21ll> 25
<212> DNA

<213> Synthetic

<400> 23

<20gec@yhtitexiat act 25

<400> 17

taggaaacac caaagatgat

<210> 18

<211l> 20

<212> DNA

<213> Synthetic

<400> 18

ataggaaaca ccaatgatat

<210> 19

<211> 25

<212> DNA

<213> Synthetic

<400> 19

ataggaaaca ccaatgatat tttct

<210> 20

<211> 20

<212> DNA

<213> Synthetic

<400> 20

tgatgatgaa atcggctccc

<210> 21

<211> 20

<212> DNA

<213> Synthetic

<400> 21

tgatgatgaa atcgactccce
© <210> 22

<211l> 25

<212> DNA

<213> Synthetic

<400> 22

tgatgatgaa atcggctccc gcaga

20

20

25

20

20

25
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<210> 31 <211> 25 <212> DNA <213> .Synthetic <400>
31 gtgtcttact caccatttta atact 25 <210> 32 <211> 25
<212> DNA <213> Synthetic <400> 32 tattttgatt

at aggacatg aagat 25 <210> 33 <211> 25 <212> DNA
<213> Synt hetic <400> 33 gcaa%\t aacc gagtgtaaca tccat
25

tgatgatgaa atcgactccc gcaga

<210> 24

<211> 30

<212> DNA

<213> Synthetic

<400> 24
gcgtgatgat gaaatcggct cccgcagaca

<210> 25
<211> 30
<212> DNA

<213> Synthetic

<400> 25
gcgtgatgat gaaatcgact cccgcagaca

<210> 26

'<211l> 25

<212> DNA

<213> Synthetic

<400> 26
ccctctgtat tectcgcctg tceccag

<210> 27

<211> 25

<212> DNA

<213> Synthetic

<400> 27
ccctetgtat tcecttgectg tecag

<210> 28
<211l> 25
<212> DNA

<213> Synthetic

<400> 28
aataggacat ggaatactca ctttc

<210> 29
<211> 25
<212> DNA

<213> Synthetic
<400> 29
aataggacat ggaatattca ctttc

<210> - 30
<211> 25



PR

<212>
<213>

<400>

DNA
Synthetic

30

gtgtcttact cgccatttta atact

<210>
<21l>
<212>
<213>

<400>

31
25
DNA

. Synthetic

31

gtgtcttact caccatttta atact

<210>

T<21l>

<212>
<213>

<400>

32

25

DNA
Synthetic

32

tattttgatt ataggacatg aagat

<210>
<211>
<212>
<213>

<400>

33

25

DNA
Synthetic

33

gcaaataacc gagtgtaaca tccat

25

25

25

25



