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WD 2004/ 065631 PCT/ | B2004/ 000124 PROBE CONJUGATI ON TO
I NCREASE MULTI PLEX BI NDI NG MOTI F PREFERENCE

WERHSEEATI ON 5 BACKGROUND OF THE | NVENTI ON BRCT/H2804P00124

OF I NVENTI ON The invention relates to nucl eobase

bi nding in conpl exes, such as dupl exes, triplexes and
quadrupl exes, and nore particularly to nethods

wher ei n such corrpﬁRé";?@sCQNéU@I‘IQﬂl’T@dIWRgbéﬁl fic

bi ndi ng bet wee# : : WS -

nucl eobase- contalnlng pr obes and slngle- stranded or
doubl e- st randed nucl eoba t ar get
sequences. 2. DESCRIPTI EéfﬁﬁﬁgﬁgggART 15 The

Wat son- Cri ck wodeBHﬂKGﬁgaNél@Faﬁﬁd§NN§§Tbeﬁn t he
accept ed st gpdapdyi Nl r biology for nearly

fifty years. As recounte y James Watson in his book
entitl dhe' A irPeargdoal Acezﬂmj:@ts ofta hemmlsmm;eaey dfindieg in

StEMEI W2 0f DA £ i ck_node
vvh‘%c won waf'son and&‘gﬁgi ?ﬁé\ﬁ%\% glrflriqzu&drng%éesr and
f ropare h@aQSh@Sl@Tfl}t héior Iaéjamdi@nedheztetmr guthatcdaseses are

bi 0 std ands t
P&%;‘e% V\é{&g eééfglgbeggﬁ e aebtwe one%lﬁlg e%fanded or
] b¢1<|>telﬂ€5r5¢arasddér edud:ldxcésamet-lcohtkemaag r |p1g>bem§0dahdv\hetmgle—

dZed th ntaesfa sed.on AT
andt%%%1 %5%& ngoggyg ,ﬂdte%oug ng%eklaapsaer ATEPRARP ei EATISE
ackewplesxes fir st suggest ed by Watson and Crick are

the nosf wi tiple-strand

nucl ei ? aci §%E¥$§% %?I\ESOF %ﬁaﬁgggb&# di scovered t hat

nucl ei cThecivst sains@riicknmtodiepl @f studletivr exid30 harsd been the
qu et ures und It ai 0 ondi ti.ons. Un

re%&ejé LtfJJe%Xblg]tﬁ ng Ogalrmn IFchreecél(inucl elogl U aTOEt ST yt ot +ftY
foyemaas 1riAsl e)ecwastwideywdnelsl @eedoh olehiconfdokedntivled “A

S R el et oo o o

(1968), the Watson-Crick model, which won Watson and Crick

the Nobel Prize, arose from the ashes of their abandoned
theory that bases bind to like bases on opposing strands
(Watson at p.1l25). Watson described how he abandoned his
“briefly considered like-with-like pairing” model when he
realized the advantages of a model based on A:T and G:C
binding. Id.

Although antiparallel nucleic acid duplexes first
suggested by Watson and Crick are the most widely studied
type of multiple-strand nucleic acid structures, it has been
discovered that nucleic acids also form triplex structures
and gquadruplex structures under certain conditions.

Until recently, binding among three nucleic acid
strands to form a triplex was widely believed to be confined

to very limited species of nucleic acids (e.g., polypurine
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or pol ypyrim di ne sequences). See, e.g., Floris et
al., "Effect of cations on purine-purine-pyrimdine

wao eooploesebel i x  formation in mxed-val ence sal t PCT/IB2004/000124

solutions,” 260 Eur. J. Biochem 801-809 (1999)

Mor eover, canonical triplex 5 binding or hybridization
was tho&ght to. be based on Hoogsteen binding between

i Rft S VRV PP %f SAH RS - nuSPBob&sSs, rAikds et al.

thaﬂfﬂ&d‘:’somﬁ CGrattlonzase @ﬁiﬂlb@gpuﬁ@l@e pfeibhidiRbOELS 8L helix
al . and U. S. Patent No. 874,555 to Dervan . et aF

Fb\?\/cé]\:/m?tl?rhelfln\}‘élrﬁe& §aI]189‘éer St | O SQrséd 2RO 1Gur. J.

SGBE@@&@EHtGﬂHramp|IQ&BBQ?S t hatio 8988d f | CaldnbnBeHRd triplex
base se gpce triplex nucleic aci ds based on

Vﬁ§§%$ﬁ%§lé%: & LHAFRF AR caffbe r@héd 4Ad Bsedbased on

t hHo@@-stteserf Obiadihh get@eaur aigi @hd $8PSLLIYE @358Y% g acent
for s ific binding. See U S. Patent Applications

5963 HRFT097488, B on-f3icks hesei walirifgled See,

Juéygl,O F]?&Q& and sDecanbey.gdl, pd09% @Ur5k'8ﬁ4et559l to Dervan
239 J. Biol. 181 (1994) di scl oses

poSki Bulrut;}*oés’favﬁﬁr altPel 1PNENEPYHI BRES: rﬁ@%%sr di prekesed in
trsprexes paeersal Qpﬁplé@clgr%at%@ysﬁg&flmarl‘int]&ﬂﬂgj mixed

binding in the major groove of the d g ex in
pr%%%%cée%?en%% F%H%Hﬁin%ﬁ?%ﬁﬂ%n%ﬁ%ﬁ%s a%%%hoﬁsWR§éﬁp Crick

Proésed Nnpa ABil@asScheeBet Ne-c6288 Wrldh tddP!l £X PHE! @aCis for a
acj ds, the conventional w sdomregarding quadrupl ex

Nt E Y aRFodr s angbefeRhbtl Guchs et ufear seeplift@r bsnding.

onbye axjst plart@alt Aﬁﬂﬁi;@&éﬁﬁ%rﬁ‘s f%Lr ens/600didd Qg 09488, 679,
narrow class of nucleic 25 acids. In partlcular Sen

et “afES{NtUe T332 384. 368 2088399 dhasambsad 2t1ha@999

guani nezHixinokkganucl egbi gesysan Bﬁﬂontl@ﬁec’(li@bﬁ) dlscloses
sel f-assenble into four-stranded helices in vit

SehPet PapSihBidehedd sPryaBlebsDNl LI00DDGFe i sb@‘@%‘éﬂf these

thetidhases Lour sstaandesdt comleyes Cane fttf{ltﬂae strand_binding
associate 30 into superstructures conposed of 8, 12,

orine QG gBREPS. IMPER e2f althe( Blwekrehi dprythe presence of

33:dOBrnkAi2h £1904)ns andicnNdG! BLEA ACi fis sResear ch
23:696- 700 (1995)) di scl osed that some guani ne-rich

ol i gonut] T deretahal sdSasyelh| eripleh npclg@c acids, the
ZOQAIAM%%aECWlls%%QO‘He%Q&Zﬂg quadruplex nucleic acids has

been that such peculiar structures only exist under
relatively extreme conditions for a narrow class of nucleic
acids. In particular, Sen' et al. (Nature 334:364-366
(1988)) disclosed that guanine-rich oligonucleotides can
spontaneously self-assemble into four-stranded helices in
vitro. Sen et al. (Biochemistry 31:65-70 (1992)) disclosed
that these four-stranded complexes can further associate
into superstructures composed of 8, 12, or 16 oligomers.
Marsh et al. (Biochemistry 33:10718-10724 (1994), and
Nucleic Acids Research 23:696-700 (1995)) disclosed that

some guanine-rich oligonucleotides can also assemble in an
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of fset, parallel alignnment, formng long "G w res".
These higher-order structures are stabilized by

w@2@ymeicat s t hat consi st of four guanosi ne reRCTHIB2804/000124

arranged in a plane and held together through
Hoogst een base pairings According to 5 Sen et al.

(BI hem str 6 1992)), at |east three_
con uous® @%%ﬁfler}e eﬁtthésoéf“w%rréfmﬁr e€GtYi¥e¢xal These

fomgllner cfm;rerratwjfuﬁuﬂehe%ecéﬂlgh%lmz%%r bé% é%x‘:ﬂé@éets that
It has been sf(g\g;est ed that four-stranded

rof & Ha Vhr %Lfarﬁ?%nﬁglr@élldﬁﬁécésse%ge%u%:lh @spl@@e and

[ nhebdttmtﬂferﬂt‘bfra:uglﬂtw e(nl\/%éggdgélﬁfngaé o Accordlng to
gche str 35:13762-13771 i1996 ormat1 on of

r'l n(dalﬁaézlhsglf.g ry Sé (I8 )ure at least three

334013’6:4@;1.35,& @188 hys @neh i ORELE 1 Hﬁéf‘tﬂ@r&%tlcal for the
II| nson et al Cell 59:871- 888 (1989)); Baran et

Gt CIALPESE RGP IS 9PIBEBIYED9T7) ). It 15

has beert fuss hpeesugggsé £tbd hatha€0nbH P14 NG dhe DA play a
producti pn of guapi ne-rich quadrupl exes m ght be ep

keY 1D ctht rdl | FAF-SSUchPhi driricsicapr opassessesor ' sach as

exﬁdﬂpi}ﬁ.tllérﬁofpﬂtenl N@tegi@;s@l7MZng&Qr"@€ddln etBlglcP istry
?%uj;%,s that tel onerase activity mght be cont ed

&g TEhat 9P Bihi i formeé 1pBr Afit FMRPRG dluring meiosis

guamme guardiats. nbkSre Pai RNtz 640368, 83809 toa?l'dt NEL1omere
et aJ. discloses _that G quartet based quadr exes

c AP HE BBy e ML igpsors saly Par » detaddt | AY: % (1989)

acialsan Wporihybiudi ot | Q% 40 Rd 55 eAR! ?ﬁ%ﬂ%3 (1997)). It
ol |%onucl eot i de the G quartet structure 25 unfolds or

|| hEar PeR | THRERUDySIIRGRASI idathetitapanéey beewsenduction

dOdSlﬁrguﬂi&.r@;@%@hoﬁugf@hﬁﬁle@ésoﬂughg BE el Pal) & Of onu?glllng
G'quartet structure, resutlng in a decrease |nthe

i nferacPiBhogitrln BEPERISHS cHaigesaaracsi ghaél- (%’at@nt No.

fl Qmﬁﬁcﬂﬁﬁ% eli-ht £de £ rom téqu%g%tsEQCEHé@ te?ﬂ.%mgrgse activity
Pat ent No. 912,332 to Agrawal” et al. discloses

et HRt %%MF%@&W% strugynthet j Enhibit the formation

ol b ganusl et idgstetyherein the synthetic
ol i gonucl eoti'des hybridize specifically with a

desi red? - S-ul Faarigt¥e -ol P ifurc] 3ot ideP Hipr 3tWr1. discloses
20@14&’@6@6%&an’£| BQQ4/ Q:pgld%ﬁplexes can be employed in an

assay for detecting nucleic acids. Upon hybridization to a
complementary oligonucleotide, the G-quartet structure
unfolds or linearizes, thereby increasing the distance
between donor and acceptor moieties on different parts of
the G-quartet structure, resulting in a decrease in their
interaction and a detectable change in a signal (e.g.,
fluorescence) emitted from the structure.

U.S. Patent No. 5,912,332 to Agrawal et al. discloses a
method for the purification of synthetic oligonucleotides,
wherein the synthetic oligonucleotides hybridize

specifically with a desired, full-length oligonucleotide and
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concomtantly forma nultinmer aggregate, such as
guadrupl ex DNA. The nultinmer aggregate containing the

wW@bdogoeissl eotide to be purified is then isol ap€UIB204Y0124

si ze-exclusion techniques. 5 Nucleic acid probes

containing a loop and a stem(e.g., a hairpin
S”H%{:&{{ﬁgan ve been used in DNA analysis, e.g., to
det8Ct- m siat chéS M nd e Re R cRATERH i fshcedichars quadruplex

exanpl e Ohe sweht pi@besydregateMebae &InBeAEON1 i gonucleotide
ol chonggl eot | dtei%r ucture as described 1 n our

copendr g UYs: Pt erft?SRpplPRARFeh NeSinm/ Xgerggclusion
fi techiNoyersher 12, 2002, and as descri bed by Bonnet et
al . (Proc.. Natl. Acad. Sci. USA 95:8602-8606 (1998),
and Pr i 3CASaRToked CQUERINgEI6a 7A0®a Y FOGSER (e.g.,
and hyitb& PeatedduMNg. HBR2%e2h7 ulsRg I)ﬁangAetanéllysis, e.g.,

Tyagi .et al discloses a Ml ecul ar Beacon 15 probe,
vvhgg e?‘%teacacc MCPAIECREF gbt -FECGERi BFOR SRGIRIRES -i s

f | ankeduby ekwfpaé Mo ft hatichy ridbeze 19 @newghpidiera Wnghaconr
t he Sﬁrobe‘L‘:_;\iq%g[:aot hybridi zed to a target strand,

f oP M HGUE PpPRATUSEIIR (345 desrRipd chn t¢ir copending U.S.

t apgednt gnidataln NEQUEDEL9DS14d1e MnQbe NIIMBAEe1bS 2002,
in_a,single-stranded | cop 20 of the hairpin structure,
and? hds affifSEiRRthcRE PerRet cHoabt e{Brpanddatl. Acad. sci.

couph ewBRBE0Y-S6@M hybobd, When d#he preber . hwbridi 285 . ysa
toag.gonpl enentary target sequence, a relativel
rigrd

heli%ies fotied, TlisPrg e StederfyBYd d %109251517 to

unwyagh asd fior ci ngsalghe & neiaRaideioAbbers thg saMl L peacon
is stimulated by 25 |ight of an appropriate frequency,

f | DY ec e HEETRER orfain CEN tERST gyPRIUNFPEPIPL FRET" JSefiugRre  is

oneld@bel P dhe DENLreACU HridlRESt8NBLAY ahbARSE €fhen the
produces .a nmeasurabl e change in spectral response,

i NBFPREt By shghallivhg ithecdr ésenee wFrostar gérandne forming a

| abed srima FREIu®aide Suchy asyhhenf | ugrophol g, 30 EDANS: + 5 on
and the quencher DABCYL may be attached to the arns
al RYTUL e &% . Ehdn &F oPRe SRBR@REE ats Bencorsinglgostranded loop

hybt i dinzethat@id t 3Lt $td, angdnat Kol | 40K ORRGLESCes form a
em ssion is quenched. \Wen the Ml ecul ar Beacon iIs

hy B iRt ed ededt srgetcserany Semidoos 06563an the probe
PQT{/EM%SOQ%% complementary target sequence, a relatively

rigid helix is formed, causing the stem hybrid to unwind and
forcing the arms apart. After the sample is stimulated by
light of an appropriate frequency, fluorescence resonance
energy transfer ("FRET") from one label to the other occurs.
This energy transfer produces a measurable change in
spectral response, indirectly signaling the presence of
target. The labels or a FRET pair such as the fluorophore
EDANS and the quencher DABCYL may be attached to the arms by
alkyl spacers. When the Molecular Beacon is not hybridized
to a target strand, the fluorophore's emission is quenched.

When the Molecular Beacon is hybridized to a target strand,
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and the FRET pair is separated by nore than 100A, the
fluorophore's emssion is not quenched. Emtted

w0 bwanessence signals the presence of target SPCEHIBES04/000124

Anot her type of nucleic acid probe for DNA

recognition, 5 is described by Riccelli et a
(Nucle%%oAC@%%%Research 29:996- 1004 (2001)) and U. S.

Paf et 0P365 tiF LARB2ERted PY  diFset thpn 1004, the

d| Sl:lhamS@hbr@r'@be e:m@.sisd&ape i¢f anBai rphend@E.Ng &  gEpitted
guand a sten1strf ﬁg; wherei n the sten1é
cap U e ol ey PHEBAt A PIESRYP.- of rATHst sEgrBAS -

whi ch IKhdHhe&ub§bénbfEﬂddﬁéﬂﬂﬂ@c@ﬁeﬁkéﬁy fd&‘@mmﬁ&g%ggnltlon,
nucleic acid uence. e single stranded | oop o

t he® pQSBgrfge%egggRlﬁéﬁal?nth Iosé@uik%AQ|%ﬁl%? Basearch

| N2 ® a9wd -eimul4ar 2dop) BXand ANtAT BaREnfr oM % t70704@6|@a§8  Lane et
intrapol ecul ar duplex is adjacent toth

S|ﬁgle é??%nagda egfoRcb?se he BB0RR et ThPR2RR 0BE @shalrpln

deﬁagﬂﬂﬂ hOl&abEQhkNeaYSﬂéhe%kr@cEQEQetwh§§8ﬁ§nQﬁe0%tem (a
S|n e stranded nucl ei ¢ aci ds conplenentary to the

FENOIESY) DESPFELNE he FhReEkpisTFaaded spatats, Walch is

nee@b&ﬁﬁhtﬂalﬂyln@%ﬂpl@m@%t&ﬁyt0t§yS£enE££§@%|ynuclelc acid
investigate and 20 catal ogue all specific

i nERFECT ns Bt WeEROIR xR saqireride el RidPeact Wsbeing

andeld cheadi: NeYos&d f gekiveo@nty rapi dnpBihodsf1dr duplex
prodUC|I%6$nd anal yzing specific™ interaction between

nuSPRIE HO%s TaP/ &r  hocl Yl cPagrd PadfEl ogies. ipsrapplecular

refesencesscidedcbateids atgel @Q@l&@@tgﬁﬁﬁlc{@f e‘r@g?&(n of the
reference in their entireties. BRI EF SUMMARY OF THE

1 ONPfe PFRD& Nt F e PraFdués aekret¥erlcsptartng harget

taééﬁﬁendé3ﬂﬂfl§iﬁ§le—@¥kaﬁd@ﬂoQﬁc§QQEab@i@@ B8omplementary to
het er opol yneri c probe 30 sequence and a probe primng

sefftef@@tsePei At ¥ach of the heteropol yneric pr obe

Sequen%s%ﬁ@et he:rr obgs RIdJtin SRAUSRRELEONDP! L Sesneed has
nucl eic acids or nucleic acid anal ogues; and 2

captRUrE Y5 mei° cowpiSts ﬁg’nu%H%QQ9%§éFéélbr AOEE® %gaE? and
Vwbggﬂﬂﬂﬁﬁ56%llPC;ﬁé@@@QﬁlQQQ%%ﬂctlons between mixed base

sequence nucleic acids and to create new, effective and
rapid methods for producing and analyzing specific
interaction between nucleic acids and/or nucleic acid
analogues.

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

BRIEF SUMMARY OF THE INVENTION

The invention provides a kit for capturing a target
comprising: (1) a probe containing a heteropolymeric probe
sequence and a probe priming sequence, wherein each of the
heteropolymeric probe sequence and the ©probe priming
sequence comprises nucleic acids or nucleic acid analogues;

and (2) a captfre primer comprising nucleic acids or nucleic
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aci d anal ogues adapted to bond to the probe primng
sequence to forma prined probe conplex pursuant to a

whrevdioerg3not i f  sel ected fromthe group consi SPCTTB2064/000124

Wat son-Crick conplenentary base interaction and

honol ogous base 5 interaction, provided that vvhgn ghe

r pLim ng sequence . and the capture priner bond to
Po?l?nE%néllégnqt? ar-ali’&p 88p?%3‘?°nq € BhRdPREPFORY ning sequence
hotrol 6gousabasemedt praisd | Odtup1and purRwhded ot Rat i WAeAy morist
the p g,pedprlfm ng sequence and the capture primer _
bond %o or ma%Pri pitex, $HEEri R8s HF ok 10°€omilagronsCrick
f r eempi emaaciardyi nab?@g p(rjm@éfh%ti\@ﬂer eﬁﬁd: hehon?;llg%qs base
r onpl ex is adapted to capture the target by

Ei% ?%%aﬁleometpe?oé’dg]ieﬁln@iaé BP6Pe thequiewbe timing sequence
heted opiod yomstiwrd rgelerseguancs ebrh g, t@wfﬁaﬂ%ﬁﬁé%aghmex,
to,, & hebbi di ng tif of the primed probe conplex. 1

Al S6° provi i rgglifnst hdd ff%‘}Ol@gﬁPﬁri hgsa tartgemction, and
coppovisia): thaoViuliehy ehsapRbBe CYMMIishNg LRGuLALICL g the
cont ai ni ng a.hete%ogol ymeric target sequence of

nucTRT'e S aBF H8%%r PRAEI di% S5y andiofdes; pievieiiepch probe
probepleontiai NEpge a dret eeepAbYRERYidh PLeBeSEIUENER A0  11e
a probe 20 prim nr% sequence, wherein each of the
hegrejr%epdol Wrg]?‘? c CpFBhx $&qdeneeedndot ReRFugbe thei ianget Dby
s elgLiedio’y Corgid sg_slelw@bgbyﬁt;m@ﬁlcds Yropecl ekeqfchde o 2
anal ogues;. providing a capture priner conprising

nu Ttegfq%oPaOcJﬂ%?r&F MidPE c S86NgRaRaldgUds abRiiiedd Pursuant to

botitk i ridiegprelbe £ P £ Y SeaaNseobd RidNea pri med
probe conpl ex, pursuant to a binding notif selected
from t He Gt ggﬁovt%%%i stS ng oreRRSofoCr i eipturing a target

CoomhBiied:y RAsseikaher agti @ampaBd hepplogoys base target
i nteraction, provided that when the probe primng

seTURTEE i A9d EhTHHRWOS YRR Her Toieett oSe@rencanof nucleic

and¢pay al bel duplexe theidi ndhadopmtdf i JVEHTn%gO probe
base 30 interaction, and provided that en the probe
pr F R TRy 2 iSEquRn A teR@rP ket uPECPRI SAUsdRE tand opm probe

a prinplRX,sdft@nchl i WRErOI1008 GONPE e d %eftreq:%_pgﬁymeric probe |
reconbi nati on proteins; and formng a reaction

mi SEHE Conhd sFhgy PREPR aRpiBINg heeprebes 6oWgyises nucleic
2084 D63 In G H1IBAR04/ QR91ddues; providing a capture primer

comprising nucleic acids or nucleic acid analogues adapted
to bond to the probe priming sequence to form a primed probe
complex pursuant to a binding motif selected from the group
consisting of Watson-Crick complementary base interaction
and homologous base interaction, provided that when the
probe priming sequence and the capture primer bond to form
an antiparallel duplex, the binding motif is homologous base
interaction, and provided that when the probe priming
sequence and the capture primer bond to form a triplex, the
primed probe complex is free of recombination proteins; and

forming a reaction mixture comprising the sample, the probe
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and the capture prinmer at conditions such that the
het er opol yneric target sequence bonds to the

whedoeesdl yneri ¢ probe sequence pursuant to tPEI/1B2004/000124

bi nding notif of the prinmed probe conpl ex, whereby
the target is captured fromthe 5 sanple to forma
-tar -S9 | ex. BRI EF DESCRI PTI ON OF SEVERAL
CE % WRGSPFHEES nvadnt | SIRAditirnBe gashri bhdt the

| nheoa;:azmsmlym:t\m tthrtbe sé@hdyd MdndEavhNgse i MY d lymeric
e £eference numeral s desi ate li ke el enents an
V\,hg obe si%ue_t?cbes plirﬁu% t‘/_PCt A, 121§1ngAmong 2f She primed

5Bpr6be 7 co&pleQ ke reldB, tAd A takBe 12A L %@urégA AL the
13B are c onp site graghs of fluorescent intensity
pl SETREC a° & Fnét PORPBT L2 @RI ICORELA*f or each sanpl e

anal yz eBRTHEH gESCkéémléﬂBO]_ar@E\ﬂEﬁ@LaWQEﬁ9r@@sﬂ’ﬁEe rﬁ&%&ﬁ?s
of 15 fl uoresc intensity plotted as a function o

time fof eadts géﬁﬁl B Lhatsy AP Cr4R@IFEg. camiynctdon with the

SClﬁelﬂicbWIhgt/I e@tﬁlr&j’b enbedi GBNEL Of 18ke CARLYLEREL ML merals
the |%yeﬂgton acilitating the capture of a ss

targ%tg? &fit PpEPETF2I2HbSeE§68s bi nding notif. 20
DETAI LEQ J3ESCR, PTEON 16, BHE bNVENK] OagThe, lﬁxenﬁéo% 7, 8,
@ om our el ucidation of the speci fi ¢ bi ndi ng .
gpe} %es éﬁ hetier obldty edfirc IiBel difé @8Pd 138t paadsomposite
V‘égh&p’l& pb!EVIfCItltlt%lr%sdéﬁ’@I esednthe, spestfds hindj nﬂm@é:ton of
a hete Bg ynerlc strand to duplex nucleic acid and

theaﬁ% f°¢ BRAQI PRYRTe dmplEzefucl eic acid to
ot her duipjsex 1r4ut<;l eilgpachy V\iewovuﬂ Sfdo%%sfllaet graphs of
opol yneri.c nucleic _acids (and/or their
% %§E§¥n&aﬁ“§5§§t?¥cﬁﬂQ%Fqﬂ Ad Pofeeeﬁuﬂbﬂﬁeﬁlmy for each
hO§QMng¢&aQ@§edboggang as well as by Watson-Crick

base interaction, and that base bonding is not |imted
to 30 st¥%nds® hadi Ry ARPPBAEHE | SLedi dct #nabpgiinent of a

retapt e t-ierReh o rothar J.ntlx:QH@lorh%@Jl%‘%la}fgﬁ&' ‘EPQUEL%c&re of
aC|d and/or their anal ogues) can specifi Cal

to%e Aottﬁélgew th Paratigiaragieinkoprirasdus blndlng motif.

di rectionality, pwhgEEELH mmﬁxﬁﬁ@ﬁéNb@ﬁ¢mH¥IN@EW@ION
2004/065631 PCT/ |1 B2004/ 000124

invention flows from our elucidation of the
specific binding properties of heteropolymeric nucleic acid
strands. We have previously disclosed the specific binding
of a heteropolymeric strand to duplex nucleic acid and the
specific binding of duplex nucleic acid to other duplex
nucleic acid. We now disclose that heteropolymeric nucleic
acids (and/or their analogues) can specifically bind to each
other by homologous base bonding as well as by Watson-Crick
base interaction, and that base bonding is not limited to
strands having antiparallel directionality relative to each
other. Thus, heteropolymeric nucleic acids (and/or their
analogues) can specifically bind to each other with parallel

or antiparallel directionality, wherein the bases bond by
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honol ogous base bondi ng and/ or Wat son-Crick base
bonding rules. The invention is nore than nerely the

wale@aloewmar e of unorthodox binding properties BET/IB2004/000124

nucl eic acids. The 5 invention enconpasses novel

conpounds, as well as nethods for the anal ysis of

nu |§gf0%§id3 di a no%pic met hods, therapeutic .
met Rods I PropR§Fac R ﬁﬁghﬁg/oéen@a?%%?‘ég}cgncpase bonding
genelésg. engi neering. The invention enconpasses novel

dupl ex, triplex and 10 quadruplex conpl exes of

nucl ei o Ati ggvf%m%rl%n PoFuddant Higkedy) . thucfieselosure of
acudostiiaduds havelinghepespe et 1ot ionalidMeidhCscids. The
conventional wi sdom holds that strands of opposite

di TEETT oA | TYCOTPAE S SWHIUR lar TR ar aldsel e ld thei methods
15fori emat haalyoioneanatibesic Cakilarm g dupl &% ¢ methods,
th£ou€h WAt son-Crick conpl enentary binding of their

r e5PRIRI - HASEEodeer PEPHR AR e roibedpdi Agneothmrapy and
| nyemton,emfinkBein®t her hand, conprise two strands of
nucl ei c_aci d gand/or 20 nucleic acid anal ogues)
hybridig%% A ﬁ%}ﬁw}anF%W%ﬁﬁiﬁFtBOBﬁb aieLR8y , triplex and

whet i uSIRACT toipDétel NG el spebider Lhaayoh Lol 0gaus ques
baﬁe £a| ing or Watson-Cri ck base pairing.

Cb.%% 190rral wi sdom hol ds that such dupl exes do not

exi st, Nledlc heagt sweatdk m%v%xﬁhﬁaﬁéﬂtLHE%é%@i%nQ?%ty. The

to, e.éh,,ZS backbone irregularities necessitated by _
t heORBTtor gt on%tsdequitpEdent §haf pataenes beafe Opposite

bogitht gt i JRNEQR tADr €1SHI Prigheh |5 OUMAHi$ee¥eiY1thal  their
under appropriate hybridization conditions,
hotrbt PFondPnLtfermdRSERar es SPecitPir®i ty ahgplex through

stadt $discHiickal idagpt Baknofr MALISANEY ClorConBlerentat¥ective
30 antiparallel duplex. The invention al so enconpasses
dupt¥5®s containing two strands of nucleic acid

(and/ orcdwgliei Cdl%i?ﬂe%e%n?é&gﬂﬁﬁ_}qg StA/DtEQO‘!L/n%QQ%n, _on the
PCT/ | B2004/ 00012 hybridized in antiparallel relation
tOOEQ%;aﬁaﬁﬁerpomﬁé+%¢ntwo strands o nucleic acid (and/or

nucleic acid analogues) hybridized in parallel relation to
one another, wherein specific binding is either through
homologous base pairing or Watson-Crick base pairing.
Conventional wisdom holds that such duplexes do not exist,
or at least would be extremely unstable due to, e.g.,
backbone irregularities necessitated by the conformational
requirements of parallel base bonding. Even more surprising
is our discovery that under appropriate hybridization
conditions, homologous bonding demonstrates specificity and
stability rivaling that of Watson-Crick complementary
antiparallel duplex.

The invention also encompasses duplexes containing two

strands of nucleic acid (and/or nucleic acid analogues)
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specific binding is through honol ogous base pairing.
As used herein, the terns "Watson-Crick base pairing”,

w0 capbwaent ary base pairing” and the |ike arerChiBnaemdo124

to 5 define specific association between opposing or
adjacent pairs of nucleic acid and/or nucleic acid
gau ands via matched bases (e.g., AT, GC
gY l§§ N PatiearadhebxEe b tih-tarr calother, wherein

COBpéEi(:EJSc deseiinged s hek fbiyh Hoﬁ%ll‘e!?bﬁlg pagald aq_lrlng
10 tripl'exes, “and

dupl ex rallel and antiparalle
paPaI I :Z? 'quoeogrﬂel%“al Ite &Sa’d?u OV @keen - Ct@qu bajsek @airing”,
V\atm@fdl’ﬁj@rba%&o%ﬂﬁn antnaC oI enBt ay e b%ﬁ@eraded to
Q Ln are intended to denote bondi ng bet ween
A I%ndsﬁeﬁnﬁ}ﬁraésaﬁdat?o%uﬁmﬁdﬁeﬁeééggaemgy<Mn eHgacent

edgeﬂ\t§eef phanad c CQ&&&Y&@&JI&” rfdcrl%tlcd%%‘iﬁl g%@lggue strands
Wat son and. Crick. 15 In addition to the conventi

bi nd?nﬁlaﬁﬁfl?‘iﬁ ferses ft Sposel: by Wafsomdded Gilk (tHa the

V‘é@'lifﬁ)ttl f ))f an@dn-conbRL AR | oe@inpllé@‘;(éeant 5?5&@:[@@& herein,
encon_ﬁl y the foregoing definition

Wat3% %ﬂ(ﬂiﬁﬁelﬁéndﬁﬁgle¥%%rprﬁﬁﬁﬁ#leh neewt | @ntiparallel
enﬁfmm&e&%s @eapbexgs1 & praved aaxlggggipapg@l%gﬁglé%s, terms

i ng,. I n honol ogous base bonding, bas
g% % i cHPEJON EREG eﬁ?F%aﬁx%aeég"raﬁh%r“ﬁb@@ﬂementary base

CO]B@{@LW e RaeesledThYS dehBrl _hﬁon@ﬂ'gl Q&%&&fﬁ?&t Ignd:l T,

honDIo ous base pairs include A
U B HARE iy B the Bs exctofmanssiseirs lacid Sheaadgew:Lse,

i Spla?rﬁlaf &&@f@ﬁn@flcﬁlongiﬁé@nﬁgs@ylﬁedquﬂ?erWa% (cjatn%lr Serick.

part|cularlg |nd|ng potential of the stran
pur suant® t 3t IRy Ehe thiy Comstant ionahoruindgogs motiff | first

angl d gyH C%@’d' a@88n( €afld, csAld C%Ceent“rwa%' OHOQPP/' Of  and

type). Salty conditions tend to favor the ornatlon
of UKt uFHRLEPPak BoRERHeE d@@ﬁeﬁénene@m@E$Sﬂﬁ &dndhﬁgforeg01ng

Hos®t 0gausnnotdsd  guadiwpkexes aES bug?ﬁglﬁ present

not i f adr upl exes under |dent|ca er condi |ons
erb qfoﬁe(ﬁmﬁaﬁée}soc%mpieaeén\ﬁ%mﬁ#erhy carndblecmme base

9 N@c%.qgﬁl 065631, quéﬂl%"dsooogg r%lo EI_'LM ly bases bond

| ow-salt, based on the presence of the ¢
batRaSTrfdsadt vt Fdthwddeuplesd rRrdesi oraddieds. than complementary

bases. Thus, in the “homologous motif”, homologous base
pairs include A:A, G:G, C:C, T:T and U:U.

The binding by the bases of nucleic acid strands 1is
affected or conditioned by a number of factors, particularly
the binding potential of the strands pursuant to either the
W-C motif or homologous motif, and ionic conditions (e.g.,
salt concentration and/or type). Salty conditions tend to
favor the formation of Watson-Crick bonding over homologous
bonding. Homologous motif quadruplexes are favored over W-C
motif quadruplexes under identical buffer conditions

probably because the localized environment can become
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Each strand in a conplex of the invention can conprise
any sequence of nucl eobases and/ or nucl eobase

wapakoeses, 5 provided the nucl eobases are reP@El/EBR0Q4N00124

t he nucl eobases to which they are to specifically bind
by either the WC notif or the honol ogous notif.
Cont!'L certain teachings of the prior art, the

y to
taFaei?{%%%lypr VE Sedd MtSse OholthoP¥#raTee tof abhe evbarged

bi hdeKgoney T ithet BRo CasELA! nl@1EREPLEXHr quadr upl ex
formation. Tqilflls’ in certain_ enbodi ments, the probe _
nucl eobé;%c& Hré r FBngedOMRIEX Pkt BropbIiAREiios gRobeomprise

segugnceqbncst &S PLESESL UL NE8n NGk B}ﬁf:hg&lgég@sangﬂggues,
t he tar(geéa tucI eobases are arran&ed in a target
t

seftu@hce CACIFAPPPEP| PreorksileReAt APy the DBcleobases to

pawhia | yhdprlc0gRUSpLe i EN8a PIPhS: REAHLRGR heFOkhe W—C motif
exanp t he L%{fobe sequence can contain 25%to 75%

puft n%g%a%@“a usy g - 25% PreFYditRe dsasesni heanyings of

ordes. Qonptexestpf the it@&%_@%i oRn@an @M f LWy  not  pe
het er opol yneri ¢ sequences, ich as défined herein,

meAAE dEs EOntHSHG abin@ERI, os¥eR0 purithe case of

nuetepbase oF pytade.nal oo0pead At | eastngne i1 certain
pyrim di ne nucl eobase or pyrim di ne anal ogue in at
I

eFROIINERYS hy BPRdi PFARS s eymerrabasikst epspol greaiged in  a

Seﬂé%ﬁﬁﬂﬁblﬂm%@ﬁ@r@QbMe|%%ﬁu@ﬁg@pgkyHﬁ%ggs$é§gﬁ§n§§r'nes and
greater, than 5 bases |ong. O her nucl eobases are also

sUPY eSS ud@d Fhehet g thvasitlieokassacirras ameagoed in a

sypdhedd ¢ asqhagiees of n@éHE@!'Ear@?&iﬁ§ingo Sétentary or
whi ch have specific Watson-Crick and/ or" honol ogous
bi PRAT gta i BAMalegors dohdrheparrabe | se@mdicei-on For example,

dupﬁ@xﬁibbéugﬂﬂd@ﬂﬁé %%ntQ%nEQYEnEEQntoaH§Q bﬁfiﬂgebases and
triplexes and quadrupl exes, wherein opposing 30
hef 2F ol 4 YE 18 fapasbasres | ihiay BFropst soRotpilekes of the

COIR SIBINAIADEeH @k oRY nBPEPL Y0NS BASeS (uBRdet Neynich as
relatjve directionality of the bound sequences Is

patefingd operahiti pararpel sapiegresaneAHerining Wor least one
20047 Ha56 31 T4 £2004/ 080124 A DARGLSLrang can Jeast one

specifically bind in the major or mnor groove o
doRbf Bt imgndetriepbgée. Fur phginidine analogue in at least

their hybridizing segments. Heteropolymeric sequences
preferably lack homopolymeric fragments greater than 5 bases
long. Other nucleobases are also suitable for use in the
invention, such as, e.g., synthetic analogues of naturally
occurring bases which have specific Watson-Crick and/or
homologous binding affinities to other bases.

In addition to duplexes, complexes of the invention
also include triplexes and quadruplexes, wherein opposing
heteropolymeric strands are linked by Watson-Crick
complementary bases or by homologous bases, and the relative
directionality of the bound sequences 1is parallel or

antiparallel to one another.
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bases of a single-stranded probe can interact
specifically wth bases on one or both strands of a

walowwblesest r anded 5 target. Simlarly, the baseBCDiB2e@win0124

strand of a doubl e- stranded probe can interact
specifically with bases on one or both strands o; ah
doubl e-stranded target in quadruplex conplexes of the
inventi%nPrF%GCS%fﬁﬁ ???p98§0%ﬁ&Fiﬁk¥HQHHQD@n the major or
enhodenentrooveacdt ao<ﬂmﬁhegbag§n@@@d§aggeﬁne OFu iy, the
ot ucl.egobases. Thus, {n addition to the o

trg %?lgoﬁgl 4 Tprgs e VAE SRS i RICRFas@ pat Hiae ragihd spiesifically
duplek hﬁﬁ@bO@ﬁUSgh@Sﬁmp?bFFhdgﬁg%aggd<ﬂp8¥¢m¥§%gg_stranded
e i ments_i.nclu the foll ow ng tson-Cric ase
bi"%?%%t- tr be“é#%. le%’ac TE Fegger, oy paqh ytpend @f LpAdouble-
U At thn@dC & dfe atull 0IntG:GcE (dpaeh ¥dbngl Gl b 08, one
an o%h [ [ nizgd speci es of base), and/or the

fo%Fomﬁ%g ﬁ%ﬁﬁp Jodd BastPullepgtepaded: paggetr: FnAquadruplex
U toofpldrdd AL AnA thvéhtidh. GG C and/or CCG
(inclqung C.C+. G and/or any other ionized species

of base)? Z6TTALS, STAPLEFt A qUANITHRISE eAbleimatts, each

V\IhElmele’bktéf'Efed Himelke é:ioS odgf bﬁeﬂlwélso@rtl@y H’ng‘?ifegfbageg | ISfhys, in
and ..Secon stran and the targe () e Ine. as a _
du%?@&tlo‘?n a"? hFrY BRRAY 1 9Gdr hirderadidtsep-F5i el bavedpairs

t hatd t bee bagpseHf héMeL dddust padRd dahirkd sstbandsy aksOve, such
biq&%t . each other, in addition to: 25 (a) the binding

bet %Cﬁl“beﬁ%ﬁsi BdSe§her TPhEOTIRG (WaRPn-Saéphdbase binding
sttanslissto:b) Ahe: i ndixng bef.ween epROSI ng:@f':‘)@,esU.Oz{x:U, G:C:G

t he ird and foyrth strands; and (c) the binding o
betWeetr GpPoSi ngPFasesnef Ct§ he: Sec8RE/and ahguratier ionized

st spatlisss | BRECEphad N, e%ﬁ@dbﬂenﬁﬁé‘ﬂfoﬁﬁ%w&ﬁ&plﬁ3&di%98us base
quadrupl ex 30 structures of the invention, no binding
eﬁﬁjeé#ceé:sdf bfsds %5 T donty gidus T andiddl, bY rifiizng G:G:C

S espueNGe QﬁCb@SQSncIﬁéinésc:Cthﬁfeaﬁggofta ??%hﬂﬂﬂge§onized
separate strands, Although folded confornmations and
t hePTFIES O §25Chairpin turns, etc.) are 11 WO

2004/ 06863], PGI/ 15820044 0024 npk & hi kg nsgepe %r%?ﬁ the

i nvention, folded portions of a single strand do no

MeREPihe S (4 eCoafit 2nBRel Thatf ghcizst and a second strand

and the target is defined as a duplex of a third and a
fourth strand, it is believed that the bases of the first
and third strands also bind to each other, in addition to:
(a) the binding between opposing bases of the first and
second strands; (b) the binding between opposing bases of
the third and fourth strands; and (c) the binding between
opposing bases of the second and fourth strands.

In certain embodiments of the triplex and quadruplex
structures of the invention, no binding sequence of bases is
contiguous with another binding sequence of bases. That is,
there are at least three separate strands. Although folded

conformations and the like (e.g., hairpin turns, etc.) are

11
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toward the m ni mum of three separate strands.
Conpl exes of the invention preferably do not rely on

wG20d0e®Been bonding or G G quartets for mai nt POEIB20040§00124

the conplex structure, although Hoogsteen bondi ng
and/or GG quartets may be present. That is,"
conplexes of the invention are preferab

UbtR | Je ySEPRR 6F HG&@S%%%%“t%%hdlﬁ%hxﬁﬁdportions of a

St@ﬁigﬁl@t i dandf 1Re ft @dRguadd edisrantd ddurkerddeN than once
nplexes of the invention: (a) the probe is a

het W0 IFhReRi BRI 195 tHhERGeAPAF 21T A1CT@8RSI ex; (b)

bases afomphexpsobe ahe hermlnegeHskyebouadynag fotStrely on
pl ane; (c) the target is a heteropolyneric

mﬁ?%ﬂtﬁﬁd&?%ﬂ& |21 Ceongiextelnd fod) Mdgésnapcehet the

t akgedl <3 eshamml aeoushyrhaund ﬂiéo@@t@eﬁegeﬂglﬁé anR@d/bR G-G
certain other conplexes of the _invention: t he

prtriedsa RaYerBpol BFRSESAE -nul t TREF antied Cﬁ’é\PéleFéP of the

CoNplaiohb) aPases @b rhbey PisoBStah€i HOUNd FRUESUBNt HobPsteen
a Watson-Crick notif in a first plane; (c) the target

i sPonplifel e PBPOFYRRFIRL MY SFPaNeEE Haridrérteonpl ex:

and (d)12Qhases Qombhexbar get +AE €1 ReeRE: JHir SUBRf £1% 8orobe
Watson-Crick notif in a second plane. Each strand _of

t heS c NPT IRISPERAS AL 191G HhEPEaRd a PaFadlel c aepgex;  (b)

hayi Hgs %ﬂ%@r@%@eaQQOﬁ%éi&&fslg bRSGd @hoapaﬂst plane;
backbone (e DNA, NA, rRNA, tRNA 2

or (@DNRje oFaJage?ﬁJclr%. & heferaprl Birec P’FJéftélsFéénﬁ%‘éIEPEallel

actbhpaNal QEles aGonkaky 88 dRcharged ArddduablYusly bound
char ged backbone (i.e., a backbone having a charge

thik ios AOEORS RAGAEve 4B GEHALPYeODIY b&@%bﬁéﬁs of the
angn a0l ude, %&g thepﬁe‘oﬁgdlgl\@ nekEES R/ir%m.Q:d'nﬁrﬂ‘Et_L§tranded

are free of P | east a portlon of the conple
i sPaslledonpgeri f i(ed, ba$?$f¢%|%ﬂecﬂrQ§Fhﬁ*%ﬁ|h9unﬂnpursuant

enpgdé nﬁﬂscbn—%rﬁ%ﬁct hlg@l@f :L:Ehg fpf@tl, aln% ;a (P the target is
anplified product. 12 WO 2004/ 06563 PCT/IBZ 04/ 000124

The @@#BF@R@%mrltChemﬂh‘v%?ﬁﬁaéﬁeéarpad@léﬁésé?ﬁmﬂlﬁxf and  (d)
SOLULLON,rOR KR SAUARtSUPROTboudd) Yihidfand Neyi YO W@k sbA-crick
motif in a second plane.

Each strand of the complex independently comprises a
nucleic acid havAing a deoxyribose phosphate or ribose
phosphate backbone (e.g., DNA, RNA, mRNA, hnRNA, rRNA, tRNA
or cDNA) or a nucleic acid analogue. Preferred nucleic acid
analogues contain an uncharged or partially charged backbone
(i.e., a backbone having a charge that is not as negative as
a native DNA Dbackbone), and include, e.g., PNA and LNA.
Certain embodiments are free of PNA.

At least a portion of the complex 1s isolated,
purified, artificial or synthetic.

In embodiments, a portion of the complex is a PCR

amplified product.
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silico. The solid support can be electrically
conductive (e.g., an electrode) or non-conductive. In

w@ewkunemsl the 5 conpl exes can be optical |y nmap@EEmB2004/000124

sequenced after being elongated, as taught in U S

Patents Nos. 6,147,198 and 5,720,928 to Schwartz. Hod
Conpl exgs_of the invention can be provided by a netho '
conpriéﬁﬁ@:C@ﬁfﬁﬁf%ﬁidﬂ%gtgehyb?Y%ﬁ%%¥ioﬁaﬁix@%réK€§ent in
cofplusiorg &n0 a Bang?t;¢@®b@59iqg]avg?§5[0g94é9§5écor in
ta ; _sequence of .nucleic acids or nucleic aci

an%?%%ﬁis, gﬁﬁrgﬁélgoﬁPBPﬁFﬁgcaﬁ Rt HissoriRetie prodective
sefeence ah Bl]leb’ej':@de’i)cigﬁ gbnnélé?rhcgi&iv%@ d_%pag@gy@lsen, the
water,. and a buffer; an i ncubating sai '
hy%?ff‘%%ezxa‘?s. o Thi 3& u?%tﬂf%l(lé()n MEpP§Harof i ARCed f @Et¢webeing
t oeldndmtierd,di 2 saughbetier oposy Mhicent ar §Rf . SEAUENLE 95  ang
to5s' 9£$ter | ymeric probe sequence to provide the
conpl ex. $°h§E8W%¥E%tion m xture can include any
conventdomndlexeBdif UThENOM 4101 I8 S 1RDLE ol9hed by a method
preservhgglnucl?otides. See, e.g., Sanbrook et al.

NSRS 0T nBEOR A 20 hWBRAAEFAE R} MitTeBepTpLLsing

Fox exagpte,cdnteifBal UM CRdke LPRES: UG ggltdesgé’ ence of
wat er., buffers and standard salt concentratlons.qﬁhen_
di VAT EHCE EftidsnSrarEchsed _%ET LB AAgIgpesy o appsabeecontaining

triFﬂ&beﬂmpoqyﬁéfﬂﬁ|ﬁ?bﬁé”ﬁ@ﬁdeﬁ@e Sheﬁﬁﬁfgf% %%ggs_éﬁ nucleic
EDTAcgeﬁggﬁA shoul d not be included in the reaction
t

25T §998FecT T bidhdi AgPBEf MBemrbni efastbaying said

basgsr ioticlts onuRdetuae Wrde \af | 84 Haft 16Nt ONSEFactive to
havi.ng variations in tenperature, salt concentration, _
eﬁ@@?%ﬁgf§ti5a§?reQEﬁQﬁ°E%ﬁdmeﬁaFfe?a%ﬁﬁpo§ﬁﬂpénce to said
EmmﬂﬁﬁﬂioQ&mbbﬁéepﬁ&HH“ﬁé@&@ﬁcéngo%QmﬂERQPQﬁefQém$}ex.
applying themare known in the art. Qur copending _

U S. Patént'YREpAL At Uh WNe<tws 885, A3tlufp| ady Japeventional

2pe 206, kHbeE! @2eSHLE ORI kEONS PRI | %Eé@éi&’irﬁg“i he dQ s des .
use in this invention. 13 WO 2004/ 065631

PCT79'B2604+ 0003F% 9K | RE rbhy HOMgseeekat ypsdoning: A Lab
camexes, wBichsar @lgmt.abl ergl n@i‘énﬁﬁ'es,t ent .at chll_.lLum can
| evel s above about 7.6, the
comprise nucleotides, water, buffers and standard salt
concentrations. When divalent cations are used exclusively
to promote triplex or quadruplex formation, chelators such
as EDTA or EGTA should not be included in the reaction
mixtures.

Specific binding between complementary bases occurs
under a wide variety of conditions having variations in
temperature, salt concentration, electrostatic strength, and
buffer composition. Examples of these conditions and
methods for applying them are known in the art. Our
copending U.S. Patent Application No. 09/885,731, filed June
20, 2001, discloses conditions particularly suited for use

in this invention.
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conpl exes of the invention are stable over a w de
range of pH levels, preferably fromabout pH5 to

wW@bwuepbl 9. 5 Conpl exes of the invention can PEI/1B2004/000124

provided for analytic, diagnostic, therapeutic and/or

engi neering purposes. The conpl exes can be used to

anal yze, di.agnose and/or treat conditions associ ated

with i nfection B§nwn Hepgareeimtomeyi reempRixesor garliism  are

Oruﬂﬁtaﬁﬂéﬂﬂm:b@onjékﬁﬁﬁéﬂki%@t%@’l@@eggsg£gge g@gy#e¥?§, the

of the invention can be fornmed under conventiona
hy BPTRIE 4R R coli irtnsionnase etpplexovhybei didat ramge of

copdi 1éeNSs, Widet gya ryf&n??gbwer'gﬁ!%?{&%ou%oggi %i ons
or under conditions of in situ hybridization. 5is
pr ef er redRARECsScomdl exds benrvernfdenat cant ehper aroveded for

abeui12Gd,0 abaubn55C1 0T ahULLWe; hour s, oF . ess.

n.__.
certain enbodi nents, the incubation tine is preferggp§erlng
| eBSTPRYR fi VB nCAUPESXe®VEIN aber voatt snpenaflyre, diagnose

LoRg®/ o I @26LLONCddJTRS oA 4\ di8QULN 8% +1PUL 1 rection by an
i ncubation for up to 24 20 hours in nost cases does

noPTeRVETSel §F af TEEES t he cBmpl exeganisthe dastviiumi ngen  be

ti gesnofcdthe capplexes.®f the invention contrast with
the nmuch | onger binding tines necessary for Hoogsteen

bound dotipllexes. Pe phenptievenhiche hghri dezatbomed under
medbaBAiS dNaf er abbyiqg i nt LAt | agent, or a, _.

cation, as Sisclogedli%?%fﬁgn Pg?g§%§£%€$ﬁca??%ﬁ%hb.trlplex
09PBIBL Fem tin egondl ylams, 2000erTheuadniereal aybrsdization
ar o4 008! loy EhHQEeégﬁggtiéggeoEnﬁﬁrg?%@I iQ98Ron . 1t
can be, e.g., a fluorophore, such as a nenber sel"eécted

frofn PRefgFrerd Eorisi semmipxsts YOYGFArmefOT> 1a YENRBture of

T POPO- , cPOPO-3,. BOBO-3, LOLO-1,

TR B PEEOuby B, PG M0 B L Gi ey
TOPRG3 SIORR@eBLs, PEhPRrAybBOPRPRBie RO BROf3rably less
B . O JO- PRO 1, . cyani ne, nDNONEr s,
e?ﬁﬁ%&fnﬂb‘)r-eomﬁﬁag}l%gfhi UM héfodi et 1J,°emfie4r%re' Longexr
20044 ©65838 L iREF/ hB20041E 0ORA4edet hindi imrlienmidinngor2up to 24

CL G RS B8 Sy PSP conpienes
The fast binding times of the complexes of the invention
contrast with the much longer binding times necessary for
Hoogsteen bound complexes.

The promoter in the hybridization medium is preferably
an intercalating agent or a cation, as disclosed in U.S.
Patent Application No. 09/613,263, filed July 10, 2000. The
intercalators are optionally fluorescent. The intercalating
agent can be, e.g., a fluorophore, such as a member selected
from the group consisting of YOYO-1, TOTO-1, YOYO-3, TOTO-3,
POPO-1, BOBO-1, POPO-3, BOBO-3, LOLO-1, J0OJO-1, cyanine
dimers, YO-PRO-1, TO-PRO-1l, YO-PRO-3, TO-PRO-3, TO-PRO-5,
PO-PRO-1, BO-PRO-1, PO-PRO~-3, BO-PRO-3, LO-PRO-1, JO-PRO-1,

cyanine monomers, ethidium bromide, ethidium homodimer-1,

14



10

15

20

25

30

het er odi mer, et hi di um nonoazi de, propidium i odi de,
SYTO dyes, SYBR Geen 1, SYBR dyes, Pico Green, SYTOX

wa@lg@g/oefeell 7- 5 anmi noacti nomycin D. Suitabl e car¢DImBR004/000124

i nclude, e.g., nonoval ent cations, such as Nat+
(preferably at a concentration of 40 nMMto 200 M\,
K+%@%eferabl at a concentration of 40 MMto 200 MV,

tREF™ al REPPILBRET2 i on§th#fiam endegavprbiees suckcasdine,

10aatkainse @ange, "ebalidons (RdvatMde anéjchq%ﬂ'g:)m %ggldlne
di vaLent transi t| on . nmetal ions (e.g

Sterdiemd 2hbafium grepeagdidens ﬁavplc@llan pdsidiidee SYTO
chapge ofvEt dreast 1) hsesr SHE as.CRLNH) &kdrox dyey and 7-

trival ent_sperm.di ne and tetraval ent spernine.
i OB RIBTABIYYSiBvPded at a concentration of 10mMMto

15 45mMuiMapie | sapr&fer ablyygrovigded at a o
concentration of 10mM to 451rlr1\/l Ni +(§d| s IBre ‘éara t cations,

pr 8UFHeds allea (PEheERbEwt #BnaoroapertroOmd dm 40 T to 200
enangj nEh(tpS:,efMEéﬁlﬁthNE%onééﬁtPé@i’dr{jle'!I‘o P F2a2R0 ™0

conbi nation at_a concentration of 1nmM each,
3nfi@adtther. abiticadRtal. eonss- 4@lweé€tch)2at2@n§he such as

an@mﬂélﬂfe catdton redded ;bast he . ﬂi‘?ﬂm Qnéﬁ\hbgh theg divalent
| ex, forms depends on a nu er of facto

W Hg- Ih&etadt dpesof et ties d&m ‘onlit’he Cdoznc@m?a&tnd)rﬁn*z) ;
Ofazﬁ)cﬂ Qﬁbﬁaldn@eha'{}@ﬂ&eeﬁ‘tﬁéélﬂ% hgﬁ?ége&f é@ele%\fs S%ﬂ%ge, such

of add| tional, cations cont ent
prddeCaifti=t ar ge’Eerﬁﬂeefﬁ'{ éifp@lmédllzg @@dltﬂtravalent spermine.

CQMﬁéntlrsatcfil@}%r@B@y”}p&Bk}ﬁgédC%@ r0 %élﬁeérycr%%log of 10mM to

di scovere querl me For tri pl exes
pr&t®red Mt o Add Pé&ffieéﬁééy pyovheedediturn | notdentration of

f ol b ngoamauplys:  (ay;H 3
My+2, (c) 20mM Ni +2: ﬁl(o?MS ot D) grontgT
anBONERE LG PN @A d PdenEX @S TM ¢ |I$1 Iohodéfnent ed Mg*za@ahd Mn+2

. vilddl fol entr eac
s Aot Va2 (b5 T Rk AR M2 a1 L& POnRE. %ﬁ?} b

of B4 GG A2 ank 4\@+2401r¢45ev@120©4e 06516-31@ mM each)
PCT/ | Bzﬁ%/%%%%df ofAlctaQQUQhaH?édrggukg ‘%‘r? in which the

pronoters include, e.g., single stran
pr%ﬂ?l@ﬁ’]tﬁ?( sﬁ%ﬁlsa§eR@@d$\ PF 02 e wmbeyzy O@eﬂ@@@lsm onemdlng the

E. n&@lde SRl enst rc%ﬁ:q_%g bi pdl N QLRI 0n  of probe, the

concentration of target, the presence of additional cations
and the base content of the probe and target. The preferred
cation concentrations and mixtures can routinely Dbe
discovered experimentally. For triplexes, it is preferred
to add cation(s) to the medium in the following amounts:
(a) 10mM-30mM Mn*?; (b) 10mM-20mM Mg*™?; (c) 20mM Ni*?; or (d)
1lmM~-30mM of each of Mn™ and Mg*2. For guadruplexes, it is
preferred to add cation(s) to the medium in the following
amounts: (a) 10mM-45mM Mn*?; (b) 10mM-45mM Mg*?; or (c)
10mM-40mM of each of Mn'? and Mg+2.
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maj or or mnor nucleic acid groove binding proteins, 5
vi ol ogen and additional intercal ating substances such

wa@sgoo4aetsBnomyci n D, psoral en, and angelicin. S2ChIB2004/000124

facilitating reagents may prove useful in extrene
operating conditions, for exanple, under abnormal pH

| evel s extremely high tenperatures. Certain
nethodsﬁiEﬂoﬁﬁQnﬁQﬁrﬁFQHﬁﬁﬁﬁexé§h@ﬁ rrompéerpvéentiote, e.g.,

areiﬁ@nﬁu@tf&hddutﬁﬁhdﬂﬁée%Q%t@EnQFQhéﬁnasp§880k¢%§otein, T4
such_as Eec A _and/or other reconbination proteins. .
TheTrvant PEREHBYI Bes ®1tagii@olsermdivepded binding protein,

enMiij@Jl‘]l’l'BdSl&a.hhihc_fﬂ'i Qﬂﬁhﬁicangc§§fegP$%Jgnjgfﬁﬁiﬁﬁsaékggeins,
ding. The inventive assay can be used to, “e.Q.

15_bi en : :
id%hﬁl?f?%ﬁ%ceégsiacﬂdeltrl@@?énsmtr@rfc@ﬂaéén%u@@@ttadees such as

Seguﬁiﬁﬁmycﬂﬂ)Dﬁk¥$ﬂfgﬂ@%,t%%dn%ﬂg%ﬁiggnﬁiS@ﬁkﬁh%%09§§€ating
pairs in a hybridization conplex, and to map genones.
ThESTIRAETT | DY aBERNF nete Bl yindeteptane mpeneddenceopfitions,

20rspeeixhing 18] ORgrdedr O8inUAdi NGy BULRLSQ . Proyi 1y high
qualitative and quantitative information, regarding
t NESTRATAEISE - | nteFErt ohe Hradfeefon provediamm temmetxes of

Thtise tihe/drvent i 9he Qﬂﬁ@h@%e&heuprﬁ%k'téﬂ%@ﬁcé()qf protein
di sti ngui sh anong a perfect match, a one base pair

mi BRI S tvﬁjmg‘aseaspaif%e% datal/ox 2B thisree deasmbination
papfotBistEt ch, a one base pair deletion, a two _base

pair deletion and a three base pair deletion arising

bet ween ™€ seqi@VRREIG t hePERIUisles- st randedapidbe osensitive,

Si &g Erortdranded DEQﬁéh&Myii Rnd S@gf@”Cﬁéﬂﬂbélq%or assaying
doubl e- stranded or singl'e-stranded target. 30

Enbbfiihsht s T0f tRESR R entdsorYc 6apr beeused ithr.atsi.ng, t hdentify

neﬁéégégtﬁﬂégn@%gﬁ%ng-’intEGféedflﬁﬁ%fg%%%@%e’sequences, to
chem | um nescence, el ectrochem | um nescence,

el €29 Tldle orthee| gurmbsweckhéni sdsmpEopedtiesde f paiars in  a

fig rﬂHﬂQH%i%@rggﬁplééi\@deqg4ﬁggsggﬂPmes.
PCT/ 1 B2004/ 000124 "m xture agal nst "the same type of
si gnal B¥nhi ity cisery netobeslycoddtierdd viilth piesence of

SagﬁbéfﬁﬂgﬂprdWQeE§k8e€QQﬂl %.Ehgutogbgg ﬁgéyﬁﬁésdaﬁgfiéative
fromthe first probe by at ast one
and quantitative information regarding the nature of
interaction between a probe and target. Thus, the invention
enables the practitioner to distinguish among a perfect
match, a one base pair mismatch, a two base pair mismatch, a
three base pair mismatch, a one base pair deletion, a two
base pair deletion and a three base pair deletion arising
between a sequence in the double-stranded probe or single-
stranded probe and in a sequence in the double-stranded or
single-stranded target. ‘
Embodiments of the invention comprise calibrating the
measured signal {(e.qg., optical, fluorescence,

chemiluminescence, electrochemiluminescence, electrical or

electromechanical properties) for a first probe-target
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base. 5 A calibration curve can be generated, wherein
the nmagnitude of the neasured signal (e.g.,

wo bawanesent intensity) is a function of the BCTHB20@/000124

affinity between the target and probe. As the binding
affinity between the target and a plurality of

different probes varies with the 10 nunber of

mi St Cife P BHE6E, thse Sofeurtersr ofhéeimrehneshibifed by other
(epgobeA Eovsinel Greh thds ¥sme Tedrgdd,C.wldbdiRe WG of the
nmotif), the location of the msmatch(es) within the

cofpiex, PEtRes  diHe i faprofthenelinffe it duh He leett one
t opsegluence the target. 15 In enbodi nents, the signal
nmeasured can be the fluorescent intensity of a

f1 uor oghoF8LLRERLHRRY iV 1VRe @3t Pssagpreratedsucierein the

emposh MRS, dhe bhadi pgaabiiai t ¥iheiveene Lhe pr9lgrescent
and target can be directly or inversely correl ated
wi PRERHE Gt efisPt Yundgebehdithghenbindip@raffgity between the

f 1 vor @phorfd 2@ sivanal s Ay behdi 2ahboRgt HIFUGR +§ Myeen the
quenchi ng or signal _anplification. %Jnder sel ected
coh@f9§tornd thePFHimridscarft diffesnstt proeper Heedepywith the

| nhefsad ad# W@iﬁm&dc%&s*%%,dit‘h%CtnlaY:urQO()‘.‘Eelt@teeqni‘é‘in%@ch(es)

probe-target binding affinity, whereas the intensi .
of (Prefert & "embdd st sTefprayi hifra €% . in the W-C motif),

nopnd Nt seL@l A 189 £hdiohophare, @ayaherhhy RAWNd LBILRE ctc.,
probe can be inversely correlated with probe-target

bi Het ngssarf i9fi t fhe TRHEVERLbPRsCaRt Bt BASEt FoderESEs the
fotarfon-intercalating fluorophores as the extent of

mat chi n (e.qg., the anount of matches vs. m smatches
and/ or Yhe ¥R ™BOteF nitbat €hEB3L befrewrethe Prlobebe  the

angd) t & OleitNGhea883ty PECLCEARL Yo VMR anAREEG in the test
i nclusive of 0-2 m snatches and/or del etions, nore

pr&feRebi y &vepughr angedinriussi videofbigdd noniadfanéhesbetween
angﬂ@rpl%e_etaﬂn@n%ar%gt V&@%/&E@@%}Kg@/1@?@&%&%&%#1&@

The invention enables quantifying t bi nding affinity
betelen tpeobie tame 1ty geteresdéngi rivor wee i or chhe bdluorophore

vabughl & H9br8aVALL &)Y ChrUSES. shBRAHAIRRARShENIAYW signal
anéﬁ;f???%éﬁyé%% Under selected conditions, the fluorescent
intensity generated by intercalating agents can be directly
correlated with probe-target binding affinity, whereas the
intensity of preferred embodiments employing a
non-intercalating fluorophore covalently bound to the probe
can be inversely correlated with probe-target binding
affinity. The fluorescent intensity  decreases for
non-intercalating fluorophores as the extent of matching
(e.g., the amount of matches vs. mismatches and/or the types
of mismatches) between the probe and target increases,
preferably over a range inclusive of 0-2 mismatches and/or

deletions, more preferably over a range inclusive of 0-3

mismatches and/or deletions.
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with optim zed binding characteristics. 5 The assay of
the invention is preferably honbgeneous. The assay

w@ av4beseapnduct ed wi t hout separating free probRCEHIBR004/000124

free target fromthe hybridization conplex prior to
detecting the nagnitude of the measured signal. The
assay |, gges not uire separation step, thereby

all owi ng a vent Fﬁ@?iﬁ eIPARTREYINRY e digipae. affinity

@aatweaulpmmadqpsefargate SisiBh i ANEkRRGWNAIRN be valuable
quentl g glndlng assay . saves a lot of tine
expeﬁge © aHSBE'eé%?%@dl%ﬁnQﬂﬁﬁQﬂ}ng antlsense drugs

FUWLhEr¢@HIledd ehables Hindirgrvaciabl es such as
buf f er, lPH i oni c oqgentratlon t enper at ur e,
i ncubat1oh 15°3Y net FRF at PURPKigHc kit rafts irebdty hrosiggencous .

anﬁhe ad gedy SeaLerc ESndu¢ﬁ£rmﬁ1QJh%hQr s@?@ﬁ@@fﬂgatfr%% probe and
th oﬁatar et _sequences, r obe

sequences | %@@?bl%@?xﬁ@ﬁﬁ l@@téon BPBRbERr )prior to

r ed{eltécetlm‘[‘g StHeD nli)ﬁ_;rﬁ&l&ki@' yrdetear Eﬁ'eﬁ@grea_hglﬁéﬁy C'?l@e as say
be conducted in, a solution wth

nlcroch%%%efeq?ﬁfﬁnﬁ|?ﬁﬁﬂ?ﬁﬂﬁﬂ%?%@ﬁrﬁé@éroﬁh@ﬁehy allOWlng a

bi gcdiip. iddreaeet ahntesbndi MBRisghbhe. ta@&&ﬂtﬂﬁ%tlve analyses
provi ded i the h brldlzatlon nedlun1before

probe, séWET?hénﬁr yrat eprov?%%ﬁquﬁnGéﬁydﬂﬁte@lWQWRﬁ assay

prsaved 0 a elydr abEon: fye CAMACLxpWhED, thed can be easily
hybrlduégﬁgon medium 25 In certaln enmbodi ments, the

i nVERT ssay T e TEeRuctiéd SRPPRGEt PpREYNE] Hgraables such

si gnabufifrenchpmg agart Rhckherat fsgete QpQatihe, pg_ﬂpgbatlon
The, |nven§§§p obvi ates the need to denature the’ t ar get

prFBPe 1 & HELAYPnGORFE 22 t@nsr P§i REOPhaand Herigetreneansnces,

hailleter&ﬁalbﬁéﬁ abbgcé O SREGH i C@Lahé‘tﬁssélﬁl target sequences,
erqﬁglynerlc tripl exes and quadr upl exes, mher

t heSTHiter BEt i RPRSet ARSHERIRS /pr BBEs Poswdblar g@f@qt@r (i.e.,

baseshde MAtreqni Eeh&ke P NPR0LIPOYS, hase diptgraction
(at | east |§ ?he sense that A b?ndgyto Trkér U 18 WO

2004/ 06563 R5€Y/ FB2008/ 600d2Ated Hin/he -Gase 205 ORNA} omndi thin

G di ngsl t 6r Chi ckatheindihan,d hg, Vﬁﬁﬁerr&éa@l'ee%umggét &N on a
nDdeI of coqplex hybrldlzatlon of,” e.qg. Pitner et
alt lO certain embodlments, the target is provided in

the hybridization medium before the probe, and the probe is
provided in dehydrated form prior to rehydration by contact
with the hybridization medium.

In certain embodiments, the . inventive assay 1is
conducted without providing a signal quenching agent on the
target or on the probe.

The invention obviates the need to denature the target
prior to assaying. It is surprising that the inventors have
been able to specifically assay heteropolymeric triplexes
and quadruplexes, wherein the interaction between the probes
and targets is based on Watson-Crick er homologous base

interaction (at least in the sense that A binds to T (or U,
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Suitable targets are preferably 8 to 3.3 X 109 base 5
pairs | ong, and can be single or doubl e-stranded.

woe@beesedf the invention are preferably 2 to 7BECTHERE61/000124

long (nore preferably 5 to 30 bases |l ong), and can be
single or doubl e-stranded. Thus, suitable probes for
use ighthe i nventive assay include, e.g., SSDNA RNA,

ssPRATTENAS AP SENA, SRRAPLIERR: RRAC hy bFatder ddPNAthe very

PNADINfe dyBo bt el madhero i dgi sandhdaubliszsisanded o
nuglglc aqu and nucleic acid anal ogues havi ng
uncharged ti &%Py2charged, sugar phosphate and/ or

pept i desibacklienesargets | &R0t Profetdin Probe, can be 199 pase
selecteglto mat ch the length of the target. 15 More
t hBR Bhe" PtobE Caf2BePtistNdl? ChedPHYEaT S BrRNIRSY:

exanpl eeraévdd Wal thy ohvalidfer efte %%a@ﬁ@ Bind, 195 pases
dlﬁfereﬂﬁ Eortlons of the target. I'n addition, in

cer?af n FHeFERER LYt hetprivhdasgs éonghi miodusasr be single

nooe dbhbesestrahrier opphydTerd ¢ qiiake SRAMENCRS use in the
tar&etlngfdlfferent (and 20 preferably adjacent or

pr O%XY TR Vehe BEFB B0l HRENISE it aPgBt: FEdli@nceBNBN t4s@NA, LNA,

saaeDi@) gesrRNA N SNENRGIDAGH PRI S, adbnd S pRE B 8D rids and
that. at | east one nenber of a S|8nal air or set e

at PEeTedStR9 LR phstowhe it reRdefwsuReede opol gerernd nucleic
prabed SQguUeyEEs. nd9ihp Qﬁk%@&@e&?b%%qugﬁ§y—&ﬁ%&@&ﬂbesugar

can be functionalized 'with oné or nore non-nucleic
acPIPTRIIAS 699/ pgr PEREHIR ackkonpat er Bag atenatdr ofi hbe probe

greay edifederctes abtashed i@ tARLPRODE id SelLLai N

embodi ments. The instant invention does not rgqU|re
the usd!Ve HETr 2aR0REPPS eC dbrosusashiigh tyee invention. For

hazaagous, tedipQusaapdy tdA-QeRsUBhAY LA ARd Ling o
need to be constantly regenerated. Probes of the

i nEhtS R tarRes3iensr #51 Fheaftareet - 190 IWDagdosi 086681 certain
PCIA 82004/:Q00124 Psepnandast abhefQr year jmoye different

Accordingly, probes can be nmade or ordered in large
quaRESHIR YERE 16t obERbe | Fegheneapt treagptiingr different (and

enbadidmiis, ogdﬁgéehBVQQS!%ﬁbxﬂm Q?ptﬂéféfgﬂényheggcth@arget
probe enhances fhe specificity o? he
sequences on the same target. In such embodiments, it is
preferred that at least one member of a signal pair or set
be attached to at least one of the two heteropolymeric probe
sequences.

In certain embodiments, the probe can be functionalized
with one or more non-nucleic acid moieties. For example, an
intercalator or minor groove binder is attached to the probe
in certain embodiments.

The instant invention does not require the use of
radioactive probes, which are hazardous, tedious and

time-consuming to use, and need to be constantly

regenerated. Probes of the invention are preferably safe to
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5 probe for certain targets. In essence, the capture
prinmer prinmes the probe for the binding of a target

wowaoh/06ds81 sane directionality and bi ndi ng notPET/1B2804/000124

exi st between the probe and the capture prinmer. The
capture prinmer can be bonded to the probe-primng

se{guence of the probe in any of 10 the aforenentioned
mot PFs2{F . BEaP{far 297 eYeakit s orPEFqnskinadiipl 8xobes can be made

anbiparddicl ior 18258l ehnthaMI0GaHS s HpleX,

ant i parf\l lel or parallel Watson-Crick or honol ogous
triplex™ bPe anthighical pinegr Fcsimeptyapsoisher tokeotion, a
hoaap ©gosIspr GeadI0#ple%) prbBe CORhME L PTHHPBIs U LiS: 0 tLNEr e
invention can include the capture priner Separate

f r BRP P et BF ober tidy o“ra%’f@ed tl 14 ensrobéhpr icabgre primer
Sequenee 5ﬁetﬁﬁbﬂgcﬁg%FHHé”bﬂﬂaiBBeo%echbgeetnk%EHr@he same
form ng step. Such kits further conprise a marking

agnt S akptdd o ¥ t Pdpdangermatidi ghkat weshstheoetween the
tapgebe | Snd0taapidaped-suchihbat a gt char,,a msqmich .
bet ween bases of the heteropolyneric probe sequence
andoBATL - D i@ oRet BrépeRg needuence gdt thequenbe is any of
deteét edeodhenmckind m8@ept cap be cqyal AAthY warson-crick
attached to the prined probe conplex “(as provi de& I'n

t NEURISXor GREAPHTXIIRL wi OB t heapwldisd andol®lemptsur eduplex,
Pr bfelPai11ean obepaddete 1 Grdienbicpdipg ]Ferga -
segar ately. Suiot agl e markin aaents ?n% Ui éﬁagﬁtgogrsetrlplex’
not® |3MitReFaddehender sPawdldetled WhEapmtFelal oy homologous
cogsh&tigidx9f. biotin, rhodam ne, acridine,

fluorescein, alexa dyes, BODI PY dyes, biotin

conj ugdtBEUehiRsIimeEadtitve 9 obes, LOreyoien 3GGr deplude the
Rheggmine (a1 angd,@BYe d¥esy ik GHIdR %n%?ggdbggﬁéé’to the
electric current or electromagnetic force is applred

t oPEPRE rRRELIh TRIUACE tf Yenepreke apricar yt¢ hehe reaction
ST @N2urSeR rng stbbS.  BaLeNk: No. £ 08583 rs
PCT/ | B2004/ 000124 g?_ D650 FL I fusthetD B 0350 harking
f uUrePRY IFERESs Yegardi 9F ttHéerapplsiioatlionhef the target is

el @%fdféd Ysdcdh a&ﬁﬂ S Igélﬁl,‘l%' ot nacgﬁgﬂé{‘%ﬁn@é’%é@{“ﬁases of

radiation (e.g., light) Is applied to the reaction
m %@ ehabRrantd veghal psodet eseedence and bases of the
heteropolymeric target sequence is detected. The marking

agent can be covalently attached to the primed probe complex
(as provided in the kit or upon mixing with the probe and
capture primer) or can be added to the binding medium
separately. Suitable marking agents include but are not
limited to members selected from the group consisting of
biotin, rhodamine, acridine, fluorescein, alexa dyes, BODIPY
dyes, biotin conjugates, thiol reactive probes, Oregon
Green, Rhodamine Green and QSY dyes.

In certain embodiments, electric current or
electromagnetic force is applied to the reaction mixture to

generate or vary the signal. See, e.g., U.S. Patent No.
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5 thereafter at regular intervals to detect
di ssolution or further conplexation of the

w@emboetcar get conpl ex. The kit can further conpCT/BR0&4/000124

support for the prinmed probe conplex. The support can

be attached (e.g., coval ently bonded, etc.) to ghe
rgb Mo d eca ure primer of the prine
Brgbges%gﬁr{p ex. ﬁb%ﬁl%ﬂtf% TArRYBEi Y watlisoregeriody the

of apmlalcaﬁmnentolfoalest;sj:é‘r_leimttloca|l|t¥rd§9¢r%{l%d in Fig.
15. Pra_pe 20 and capture primer 22 are first conbi ned _
to formpritEd® Pro é{h‘FﬁPEﬁ 245243iRptiRe efdodli medtight) is

de@PmlEEﬁ tapthe erddotiidnTeli x24rkS sRanded Egggégggs detected

uence 26 of primer 20 in a
b| nde ga%betqﬁ Wi CRIGAET p&P&PF@PlSdltPecciqf@rﬁl |¢1§/SSO'ﬂhJé:sie>n or
bi ﬁ@rt@mfmr@ﬂbeﬁtsbmcéf fiael birbakerat e hopdi '1%8
t ar get 8 t.0. het eropol yneri c probe sequence
f or m probie- iy g%aln ég’rﬁﬂ % SOMPHAER efnSROPEBE gEOT ZBh@anrlmed

captalvee pednplex2?2 have,d h%\ﬁ%%@‘t_?_h%@%é'ﬂ%@al 'a'i:¥acﬁ‘@c§j (e.g.,
e

nmotif wt spect to prob

pr &t EHBi ydg?‘g"tqeéjd bt % Jchbhg&hpn pyobe| eaasi/ognethe capture
| atpelmerThe ahel pashe®ne-duabebmpddxbe attached to the
probe d/or the target, and/or can be free in the

t est 2%’ MHAdLFRBTat Of cadt SAETLdbBAtEwN cgeiprddse @t the

| easteﬂt&ﬁ@n N eddiesnat i1l abakpk stok eigr@@%y 3t | eaPsxtobe 20
one selected fromthe group consisting of

spi'h 858{'“% PFUBrBpHRer érsa fEnvlonephbired ato form primed

crmm}deurn:aﬁ@wm osagent ,Irantﬁlaefén{ﬂbd%eﬁl?erﬁéﬁi@t%ésCe&‘épture
ent a radi oi sotope, an enzyne, hapt en,

WEdy %mnd-a L?Oé’&@lde&Oamroﬁsdgprlm@@eﬁa%meyncet 6 of primer
CO’HDI exn i delashedohy ahh@f&% OR&t £ S3i O fégmféi‘:?allel

| abel or, by_ .nonitoring an electronic characteristi
of IRE T ORBLERY - 21 %%ohm@%mcp@wce@mwmmllltate

Thend abebediant i bedy +aagebe, 2@ g - a |abel ey N
nucl ei c aci dﬁucl ei c ac?g antib O whi cﬁ %‘% %erlc probe

| dRIEGSwiPh 5°detf@éf“ablpé°ﬁﬁr§@1§/g%1él eeerexll o orﬁZt,he wherein
grﬂaﬂgetoaalahangapﬁﬁréiﬂﬁlﬁeEo@QoﬁéheEEHQW %%%pggggcthnallty
Sehp L%Q?E w?th respect to probe 20.

The complex is preferably detected by a change in at
least one label. The at least one label can be attached to
the probe and/or the target, and/or can be free in the test
medium. The at least one label can comprise at least two
moieties.

The label is preferably gt least one member selected
from the group consisting of a spin label, a fluorophore, a
chromophore, a chemiluminescent agent, an electro-
chemiluminescent agent, a radioisotope, an enzyme, a hapten,
an antibody and a labeled antibody. Preferably, the complex

is detected by at least one emission from the label or by

monitoring an electronic characteristic of the complex.
/
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5 radi oi sotope, an enzyne, a hapten, a
chem | um nescent agent and an

webk®@ensms3chenm | um nescent agent. The conpl ex CBOI/B2004/000124

detected under at |east one varied condition, such as
disclosed in U S Patent Application No. 09/490, 273,

filed Jﬁpua y 24, 2000. Suitable varied 10 conditions

i ncl ude: . g.?ej(%ﬁ ANCRRAGE GRndtRrqueontis: conbovpelrd anti-
of ntibibel@shoi@itille (d) a8i¢hanGeoolly A BLER 1 &St apereq

medi um _ ( a change in a salt concentration o o
teg%g?re%li%%ﬁe‘ﬁf)bl& AR4RG¥ §plantent oA W vseup consisting

coafent offludiephest, Mdi UNBhA@bpRofBANIE I @ 1ape1, 4
formam de content of the 15 test nedium (f) "a change

i nTA%t eiFdPR ur RofNENBSt e8t haRBe um  @rRii(lyniacshangeagent

inaﬁ@aéﬁrdﬂgd%r%ahheﬁﬂfﬁﬁﬁﬁééﬂgnena&@ntFIqe test medium
In addi tion, the varied condition can be the

appl i cé'ﬁeorf:%‘f’p]ﬁxstqa@ulkl?s,deéiﬁ@ﬁeds}méeg. atellegsti cne varied

cuesditi(daC andhohsAGLscRPHOLON: £ adiat inn (& G lkéggion No.
20 gl t), or electromagnetic force. The stinmufus can .
be’ é‘g%q'izg(?'co§§tléﬁt | yaBrapul s&t. Bt0dot i on Swamabée varied

aceompitighed ihBnough theguse pof, a si Q%Ja% wari;ed nonaqueous
condition, or thr ou% a conbination o cgndlyl ons
var PRI Sa |y theh & epés peAsEmof () chashenar istix Wi of the

t heegOMpb@xum,N (HE 223HhESE q%dialrgépctb&qaég{ér%dciotnheof the

condition or stinmulus can"be nonitored to detect
conpt exte e cHgh act ethaddiec ofamrb@rgapig. soévect r cemtent of

C@ﬂ@ﬁ&kﬂﬂ?%@@ﬁp@,(Qeﬁeéoeﬁgﬂgétfﬁﬂgl%é%ﬂyhi%e conaent of the
transm ssion |ine or changes™ in phase or anplitude of

a t%?tgné‘ﬁdb%pag%ﬁ)e@ chappe thmansnitsyicewatime iof t ke test
Lordai30 BRdl 45 - o | SnIROATRARS c rLhEC ABHRCU A AREIP s 10
conprises: (a)  detecting a signal froma |abel,
whetei e tthanestigial i adsHrtdloay e¢heovarbeddiagdition can be
af fhdi byphetyesn, sajixd prahe and.sai 2,¥0 ¢ 4. i
ot LR R b ooaa e e gsgltc;hz(gyvaerﬁ g §rectric
cofitfit9dn dPCa ted{ofredi@m Ebptodetexdiaigam (e.g., laser

bR of e kol ) COmALLTD LI5S ALy T -

catPe g senctantly | easitlowce oPepettirmedroiey agnoeplished
through the use of a single varied condition, or through a
combination of conditions varied serially.

The response of a characteristic of the complex in the
test medium to the varied condition or stimulus can be
monitored to detect the complex. The characteristic can be,
€.g9., electrical conductance or Q (a resonant structure of a
transmission line or changes in phase or amplitude of a
signal propagated in the transmission 1line in the test
medium) .

In embodiments, the detection method comprises: (a)

detecting a signal from a label, wherein the signal is

correlated to a binding affinity between said probe and said
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5 The |l abel is preferably a fluorophore. Both
intercal ating and non-intercal ating fluorophores are

waiosatdeal f or use in the invention. The fl uor opdIDIBR0GE0124

be free in solution, covalently bound to the probe
and/or covalently bound to the target. Wien the
flgoro hore.is 10 covalently bound to the probe, it is
pré

FE9A01 y BOuntPipi%hed prOBE tdenei eherd efist medium; (c)

Preé¢escethd luoeseentniBEkens: | neddidgy) ki .ar?:ing the signal
rhodg\ 1pe, acridine and fluorescein, and other _
rra?rl}ern‘sé ThEEPPPPALT RS cRI M i r FARi ¥pEWLRG t An@xEhei dgtecting

eneagybe Bfdatblieadoled ¥ 9l at grf&HﬁHcp%ﬁE/eﬁnce.
i ncl ud e.g,,, alexa 15 dyes, BODI PY dyes, biotin «
conj ugg%es, %?ﬁ’%r rédct FETHraBLY, af | udhesesharand Both

I t Snitkerdaladdivegs (EH&!UdﬁJK%ﬂﬂH%féQ@Q@ﬂngpr(%%ﬁ%}kgﬁores are
O egon (i“?ge ,_ Rhodam ne Green and QSY dyes (whi

qu%‘%c%al’t‘ %%djrs@sdéhctéleof“\)’le_@itﬂpé-l i ghe Ereprephore can be
f | fos@phor esplu@ibnlhecexgid@tionp¥aNg! enat bpis probe and/or
sel ect.ed (b%/ routjne experinentation and/ or

cORVEHtT B etye e o taspPEsporthent othehi luorophore is

exeh¥AldrL yTBOUAE M Ofhd R dlelok 0PDOT & DRI NG 1USEd1ng o the
and is preferably 200 to 1000 nm Fl uorophores are

prRferamtly SEihedt 8o REeEeare@nf ket st dpavemenlehs ofnclude

2001 310125 HBQQaRMhe) N i&ﬁﬂ&ﬂﬂbedaﬁabofH&G¥E§%eiﬂD aggﬁn other
ion laser is used to irradiate the fluorophore wt

| i T S i TG Fa TLabRS Ehgtien draadanbed ofit40Gxca t549 energy.

nnguadybifd %@h3§ﬁ38£cafﬂﬂfﬁ§ Qﬁub§o§§éf¥§E%kéﬂﬁd@,répg?, alexa
of 500 to 750 nm The assay of the invention can b

pet¥ T et POVEr i delotsa vaniesytes, tEnper ararcssye probes,
Suﬁfudﬁbsdéiﬁ-aaﬁﬁonﬁﬁgouﬁegi$é%iV%Q0uHi@ggﬁdgﬁéta{ﬂ% “caged
prior art assays require elevated tenperatures, '

adfi RECAst C4fEoBeFage20 Rirdamisgy Greant Red QSYWiyes (which

2Q9ﬁhQﬁ563kh8CT/tﬁ%@%&gég%%%24 o@theéi§¥ﬂm% tﬁgghgr excited

i nvention can be conducted at room tenperatur
bef i @Phgresat a tenperature bel ow 25C). The

reliabidhd y e@tithei bventieaRnhsni Ndependent, of (b% routine
guani ne and cytosine content in either the probe or
t P imendationnapghect repgivienshana Widamleidoe) sitaceoGrespond

base PRI4 Sexcitation maximum for the fluorophore being used,
and is preferably 200 to 1000 nm. Fluorophores are
preferably selected to have an emission wavelength of 200 to
1000 nm. In preferred embodiments, an argon ion laser is
used to irradiate the fluorophore with 1light having a
wavelength in a range of 400 to 540 nm, and fluorescent
emission is detected in a range of 500 to 750 nm.
The assay of the invention can be performed over a wide
variety of temperatures, such as, e.g., from about 2 to
about 60°C, Certain prior art assays require elevated

temperatures, adding cost and delay to the assay. On the
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formthree hydrogen bonds, while A:T base pairs form
only two hydrogen bonds, target and probe sequences

wowaoh/oesehi gher G or C content are nore stabl ePCT/IB2004/000124

possessi ng higher nelting tenperatures. Consequently,
base pair msmatches that 10 increase the GC content
robe and target region above that

f h L dize
Srggggf ?ﬁg%géfeg?gy MRY ¥HeP hy 5137%ds Bfay cBXséedt hat  room

bi ndinpgraeakaness rassaciat ed, wWd b a-AbsPBEched,e 11,0885 .
The inventive assay is extrenely sensitive, thereby
15 obvi “Fn&ellﬁ@bhiéHYt SfcohMRictinPeRtAapl iifs candepersfent of

th@uahﬁﬂi@ehndFnyiﬁ?édlﬁ@ &ortentS PSS Phert En8SSANER or the
te%t sanmpl e_ having a_vol une of about 20 microliters,
whi

-8hITbnt af hsthapotAdite orakt Brbl Bt bf, twimst Gasd base pairs

ab@utm1@nteat apake§eRf boRiSPeyn HWOgli frept so OI;aFLP% fOme only
ingentio are sensitive enough to 20 assay targets a
a

BRCRYT TS0 OB SEx EpT 9ty anst dfrebgbFyaaences with a higher

COGC@&tKﬁI&dﬂtéﬂf'ngrﬁgfétgfgﬁf%§1QS eM%iEﬁB%quggt%elting
of __the invention are sensitive enough to e ]o?
pr GBBRS LRt UFeSconce APPARHEFR DY 5x DBS9 Mpapr efermbsitghas  that

a CHBESAEd ARONGOf coM@Unimy e fhan, 3xi0 1 M !ct:béhgﬂlddtarget
go W thout saying that 25 the foreégoi ng val ues are not

i nfBALYY TP SIghe’t RPFetentheln manfedtdanmetcetiebybrids may

hi ghese€oRBENtyidi08S v dsal | & Ofc;nrahe £ farget .
preferably abodi fz% Rga aggut 1000° 1. %nﬂ%ke cer?bfﬁatChed
prP6PP%rt " assays, the invention not only 30 detects

the presencenobnbyfs i diszali on (LyLrendiNdiDE) + PY
al so proyideg qﬁalitatfveyand qugn¥??aﬁFve g%%%rﬁ%tlgﬂereby

r e§a¥ 7 g @ hEhRatRASS ofObi ¢RfIdvthePGRerm@lpfobat fovl of the

t ag T ijaventi t.he ti_ti_aner
o 2005 et oat. “oAR' 20047 D6Eea1. BeT/  BA0GAT0B0 A SHnPle
t h]éa}fﬁré%eﬁce"?ﬂfunt%eof argetti R heicestitmdi,unyhid) contains
detesit @bl ebheoRb188t 8FEOZYIQUS %ﬁﬁ'%g?ﬁg!nldhﬁemtomoles of
target; (%? uantitate the target; ( etect an

exPEMRE of ‘@@%ﬁﬁ‘éﬁﬁﬁt af i the (inverhéogases oferiidivegehnugh to
th@sygﬁ E@Eg‘g’c)s Yt 5a We@ﬁ?l&%ﬁ]gﬁso%' gxi@e ﬁ[?sggrggferably at

bi ndi ng i n the honol ogous
a concentration of not more than 5x1071° M. Embodiments of

the invention are sensitive enough to employ probes at a
concentration of 5x107° M, preferably at a concentration of
not more than 5x107%0 M. It should go without saying that
the foregoing values are not intended to suggest that the
methad cannot detect higher concentrations.

The ratio of probe to target is preferably about 1:1 to
about 1000:1.

Unlike certain prior art assays, the invention not only
detects the presence of hybridization (i.e., binding), but
also provides qualitative and quantitative information
regarding the nature of binding between a probe and target.

Thus, the invention enables the practitioner to: (a) detect
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notif) between the probe and the target; and (e)
detect hapl otypes. W have noticed that dupl exes

waokioghessonpl ex parallel strands of nucl ei ¢ acPcI/IB2004/000124

contai ni ng conpl ementary base 10 sequences bind to
formtriplexes at a different rate and bind as a

culpination of a_v i fferent process than do bases
inkgédgﬁgf%n%eel P& g%%(ngar%tnam &Pe ieFH wedhwas 6b) detect

oppdsel e di cecthot@iddpgouSt I a@3a8ke OPPRSI tBe  target; (c)
di rgg}li{)tnaaé [ tytIh%i - €, antiparallel strands) readily

présent regul arty 15°3h%ted bdSds i AShe@t an@n  extent  of
or bemp Bén@rtard tiyh¢ihases @pROYe 8invihd 1A NHBl-c motif) or
bagkbone distortion. The various conplexes of the

i NVeNtTON CoIf5Fi sE™a prob&aseomtaiindgrg in the homologous

henet opol paeween prabe HempEe NG Of;h@utila%%?e%ndangé)or detect
nult%egbase anal ogues, and a target containing a 2
het &F %to‘f%ﬁsri c target sequence of nucl eobases and/ or

nucl eobsehanal AgUesSed THRa€OMRLEXxd $ §MfémeE5ﬁp9éx arallel
pug\gﬂ e in that at |east one of either the probe 8r

t ha T3 Get 95 WRlE6t i 8Caf paPRERinIThebwdkpeneany base
t heequerheesd Sbind deOXY¥bR0%e i phesphate %ac&'%%%e%%C*l\I}Aaac% and

|anI\(I§A, or a Bg}gti de, 25 | i ke backbone such as in PNA,

or T8 of ° sBME ORI EARTE NAF ged VesY Pafferdnty m¥egsed than do
(negads veh yaOloposé t hyely) FOBLEY I 89 nhM1 SR LAY strands of
enmbodi nents,. the probe and target are single-strande
an‘&pﬁf?ﬁeltceor‘?dlrsﬁt%gn%lbfdbl exXtTRER SAi APYFistse ddmgctionality
targed. ar e igldpbexet heyrhavgs paraldsh y30present  regularly
directi rgall [ t% wth WC conpl ementary or ﬁ)om)l ogous

bi PR, D etV Srit} al (ITGREGER | BRaFRe ybapeh opposite
howdt 10 @S rail NPh BRbond MiQfthek igAbodi ments, either the
probe qr the target is single-stranded and the ot her

of sai 5 GBELEESt GPpRteRas of5 tiNp POVIGEE6EIPIprise a probe

FKH%ﬂ@Q@QéonDh%ﬁeﬁ$@%@kﬁé§§5anggeaggqﬁgﬁbéeéﬂlBkggeobases
co I/eX|satr|pIex. This conplex can be free of
Pl\gr?d 19 cEPLarPPRIbodinReREEest hetd | pl ekakgsit aicestaining a

het et ORANFRERECPr @hegsequengeeRas al bel H0cBeobases and/or
het eropol yneric_ 5 target sequence, wherein t%e

he?%ﬁ%ﬁﬁﬂéfﬁePPElEFE%%'Seﬁ@%n%%mplex is synthetic or purified

in that at least one of either the probe or the target is
synthetic or purified. The backbone of the probe is a
deoxyribose phosphate backbone such as in DNA, or a peptide-
like backbone such as in PNA, or is of some other uncharged
or partially charged (negatively or positively) moieties.

In certain embodiments, the probe and target are
single-stranded and the complex is a duplex. When said
probe and target are a duplex they have ©parallel
directionality with W-C complementary or homologous binding,
or have antiparallel directionality with homologous binding.

In other embodiments, either the probe or the target is

single-stranded and the other of said probe or target is
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is bonded to the heteropol yneric target sequence by
honol ogous base bi nding or Watson-Crick conpl enentary

whame/0638Ndi ng. I n certain other enbodi ments, PEEIB2004/000124

het er opol yneric probe sequence is antiparallel to the
het er opol yneric target 10 sequence and the

hey | y.er i robe sequence is bonded to the

het g?%g%l %?r%arr}({éec{)ﬁae?ﬁgeﬂ?%%r@y CRBRDEBQDSE basiplex. This
bi adipbeorcatitteof+Gei 6k manpl ementary base binding. In
certai n_enbodi pents of the triplex conplex, the

t ar get Thel ﬁajégg P fi PEPOSIRHE contls ni hgimlex contains & -

hehetmofmér_dc brobar §edusaRAUeEE 1204 élosa?orpeq:%ropolymeric
strapd contai ning a second heteropol yneric target

sequence THASHE WAtssRier FBR h%ﬁmmﬂema;riyc @rdbe sequence

ants pabahded toot hendéi r st hed SIQRRIY BN G, E@rggtequence b
het er opol yrmeri ¢ probe sequence is Y

. Th
bondad 1 TheT15 st Hetwr ool Yahecn rareeospgueaces by base

20bhoihiolgpgous nbase + hoR db 1k ARehpos 1 L 505 Pgﬂgeeqlett%r%gglyme ric

secj%gje het er opol yneric target sequence

Wk son: G CEonp| BReHERL Isds Eobbhei hgtedapademeain target

ot fisrueerdeodingenthe BEtéRG ke e target
i t Straniﬁcori{ltngirniéngi?gpé Z%quetnll% 15 gonded to

includes a fir _
he%? og%ﬁtfﬁﬁpf’zy’ﬁ%i”g‘ét Segeéncecananee samondiosbiagdus  base

c dntrad inigh @ raws es A< hetielRReh ¥ABLL S f yence
that i Wat son- Crick conpl gmsnt ar yr%ﬁgdag%ngo?gg%%ﬁ el

to the firSErtHEt eFBPSRYARRE T ©Ar gehe ségiphes. cBelex, the
hetergepol iymiide sPEOREe r s EGUENGE & o,the first . .

het er opol yneric tar getrSSO sequenc%%&r}g\g’?’s%npat%ﬁpo%me“C
corpiEirent 8 K e2bBndi nte Rt | strahdo chohdedite thesecond
s ecad-cpel ghepot y MeLirge b ar el seguen y honol ogous . .

base honding. 20 WO 2004/ AR DD 0189 ES R -cr sk
cSTFETERDBAY nBRE santieatRldisd died thiee fiasgeheareopolymeric

datigetst saqaattand the resubiing somlex is a .
qg)?drupl ex. This conplex can be free of €| feduence  is

geR eFrBOdtr}f‘FenthiFSFh@ﬁmmébf@%régnt@mta sBquence by

heticopgby e NG ePrRRRI SEAUSRCE PaLall e
antiparallel to a hetler%opol ymsricg: %Jér ég?%@éqagng&e second
MR]& b

TETAPPRENREL @r 0poFaHESt ¢~ sequence y Watson-Crick

complementary base bonding.

In certain other embodiments of the triplex complex,
the target includes a first strand containing a
heteropolymeric target sequence and a second strand
containing a second heteropolymeric target sequence that is
Watson-Crick complementary and antiparallel to the first
heteropolymeric target sequence. The heteropolymeric probe
sequence is bonded to the first heteropolymeric target
sequence by Watson-Crick complementary base bonding and is

also bonded to the second heteropolymeric target sequence by

homologous base bonding.
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probe sequence is bonded to the heteropol yneric target
sequence by honol ogous base bi ndi ng or Watson-Crick

w@ovplessent ary base binding. I n such enbodi meneGI/IB20&1/000124

10 quadrupl ex conplex contains a first probe strand
containing said heteropolyneric probe sequence and a
second probe . strand containing a second

het er o‘pgrl‘ y?r%]fifaclrbr%'%%ocgé‘&fﬁ’éﬁcegc%éfrqboe cBifpl Enentarget are
andouahnteé-parainidel teadt Rt i Fesfu1RiABe coBBUNLNES. aThRadruplex.
target éng%ges a Llr?t target strand 15 containing a

et eropol ymeri CFargettedfifefd® -and a second target

strand Tontaintieng aches@nfb el er epel YoRLAL @0 ontains a
seguence that i.s cogglenentary and antiparallel to the

firstoT P SUER 1GuREPRIpI AwsGdPREAL 41 t e antiparallel to a
hehetepadolvekircc 20r§e0hes fRGURNCELERD: Hond t}fééf'}%polymeric

hetgrggokyneric target sequence by Watson-Cric
conp? Emetary 67 P5gE6e bbRe thsi nBphgrarrl wipric target

hesequpoley ey C poAbEogOBIENEEsEan,i RRIdPNaLLY ddson-crick
addi ti.onal | d to the second heteropolyneric

bo
t af G €ﬁ¥egﬁ§e ot iGfous 6P Vaeedh 25mhcidgkents,  the
Coq@é@mqﬂh&rwohgiéxbbﬁﬁfﬁﬂmsr§sfﬁ¥§ﬂ\ﬁ¥dbe.EQ%%ndmggﬂtaining
e

the h tg{ pol yneri c probe sequence bonds to t
het®top e%ﬁﬁ? RlYme et SeghenceeBiEIfoNORBgOs Fesend probe

boseli 4193 c&ﬁﬁhﬂﬁﬂh%rQﬂohﬁﬁsﬁach@%@?@péﬁﬁﬁﬁﬂgﬁ probe sequence
optionally bonds to the second heteropol yneric targe?
se

iEhctS by DRt SRR ELYCIeSh *RRaaAear yobage first probe
boselighceand whga therdal erigpal,yaeric  prahe %%3gggcestrand

bonds to .the heteropol ymeric target sequence
VAT FOTRIEEk T opt rRRftIarPrhas & aBeREI mgauehee and a second

hetergpol yopiaL pLEBSISEQyeEnce ely nds.dQq L h
27 WO 2004/ 06563% PoT T B2t o%%%ﬁop g%k%ﬁ%‘g) il Marget
hel EFEPESY nelfE tiar geemBéguentar by aRenoiyardidsd to the
boatkdxg. The invention will be illustrated in nore

detail with reference to the foll ow ng Exanpl es, but

it shodi™d BBCR5 IHdeT@lesd erkadimeatps esdm iherempbohymeric

| spre deeumdnt® b@anliﬂgﬂbedtBheEﬁéo'heteropolymeric target

sequence by Watson-Crick complementary or homologous base

binding and the heteropolymeric probe sequence can
optionally and additionally bond to the second
heteropolymeric target sequence by homologous or Watson-
Crick complementary base binding, respectively. Thus, when
the heteropolymeric probe sequence bonds to the
heteropolymeric target sequence by homologous base bonding,
the heteropolymeric probe sequence optionally bonds to the
second heteropolymeric target sequence by Watson-Crick
complementary base bonding, and when the heteropolymeric
probe sequence bonds to the heteropolymeric target sequence
by Watson-Crick complementary base bonding, the

heteropolymeric probe sequence optionally bonds to the

27



10

15

20

25

30

EXAMPLES Exanple 1 10 Conpl enentary sense and
anti sense 50-ner ssDNA target sequences, derived from

we@2@n/0d483nf the human cystic fibrosis gene (NetT/IB2004/000124

380, 207 (1996)) were synthesized on a DNA
synt hesi zer (Expedite 8909, Per Septive Bi osystens) and

HPLC. . SsDNA ol i gonucl eoti des were
%éé{”\?‘gd%t‘%i%p%%%d F3fi99% et TenecOPc ehPRatoapns base

ben@rmgl;e/I Equi nol ar anmounts of conpl ementary
ol i gon Ieot| des were , heated at 95C for 10 m n and

al | oved 1O HAREHIGr dtiddl B¢ i luskgappeséncmose dotaM with

Trksfepdhde 5tol ﬁ%EQMl@mn%OOEMle%O b§§ t:h,e should be
tegggrature %glted to 21C over 1.5 hours

ol I gonuc TSt U W IFSIRTEd W iR ats anot deemed to be
cohteite¢dtitaredb.1l pnol e/l. The sequence for the sense
strand of the wild-type target DNA (SEQ ID NO 1) was:
5'-TGG CAC CAT TAA AGA AAA TAT CAT CIT TGG TGT TTC
CTA TGA TGA ATA TA- 25 3. Hxampegdence for the
ngl seE\)r;\Jze strand of the wild-type target DNA (SEQ ID

- TAT ATT CAT CAT AGG AAA CAC CAA AGA TGA

TAT TTTCcﬁTEEe]ﬁéAtIQ@ F60s8Aand’ ant30embQ ERL rch:%% 2 é’ﬂﬁs’A A arget

50-mer nut ant, dSDNA t arget sequence identi
Wi T%q‘f%cest’ardﬁétwwf’(%@xl% r OF ’é&%émmaﬂbrcyatlgnélbrosm

bagalepm Nafutat 3g0, (woder [ 9wd), afeAd g I L0
%2004/ 065631_PCT/IBZOO4/ 60015% 5ogné%€ﬂh 6"’?1 a Dna

Riife “&ns d EEPPahbe sefiRtrce @Sﬂse\mvechﬁmgémstms and

CCﬁ'urlTﬂ’]L&ecB&ﬁgUme fossbhg $eN§EnLiTARd i
was: 5 -TGG CAC CAT TAA AGA gAAA AT OoF s %Qereg %%I”ed th

5 GHEOCTANEGAITEALATA TA- 3 . Jhreceseguaenoe fof the pmole/pl.
DR i, S BRAL AR e v
CAasted at 95°C for 10 min and allowed to anneal gradually in

the presence of 10 mM Tris, pH 7.5, 1 mM EDTA and 100 mM

NaCl, as the temperature cooled to 21°C over 1.5 hours.

DsDNA  oligonucleotides were diluted in ddH,0 at a

concentration of 1 pmole/pl.

The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:1) was: 5'-TGG CAC CAT TAA AGA
AAA TAT CAT CTT TGG TGT TTC CTA TGA TGA ATA TA-
37.

The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:1) was: 5'-TAT ATT CAT CAT AGG
AAA CAC CAA AGA TGA TAT TTT CTT TAA TGG TGC CA-
37.

SEQ ID NO:2 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a

one base pair mutation (underlined) at amino acid position
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SEQ I D NO 3 was a 50-ner nutant dsDNA target sequence
10 identical to wild-type target DNA (SEQ I D NG 1)

wWE@2@epss6Bor a consecutive two base pair nut at PONIB2004/000124

(underlined) at amno acid positions 506 and 507 at

which the wild-type sense strand sequence CAT was

ch Bged to ACJ]. The seguence for the sense strand of

SE% Ao P they sWELDTRBCATIERT TR AGAS2AMeTAT CAT was
ACEhedded&p TG, TTC CTA TGA TGA ATA TA-3'. The
sequenc%%ror the antisense strand of SEQ ID NO 3 was:
5'-TAT TP ASS ARR GROSEAATAGAIGPA SEATIDTNO:2 was:

CTS ' ¥2é6 TCoAT Gl 3'ran20 22EQ 1R NO A Masc @, SO=fer
nu&ggt sSDNA tar&et sequence identica to(grvvi I%I- yp%GG TCT
ta t

(§2Q IBANRTH S&et- for a consecutive

three base paquedBY atdon-Kangderinad) ino. acld :
positions SE?aend 507 at whi clﬁ{tie W I%—rta%plge Osfen%gd 1D NO:2

st Pahd sBqueice &RF weAT chéhBedR$® ABRER 26ATheCAA AGA CGA

seguencerf orctirhe raansegst rand of_SEQ I D NO 4 was:
5 -TGG CAC CAT TAA AGA AAA TAT ACG CTT TGG TGT TTC

CTA TGAHGAIINTIO TA-182S  Tha0 sesjuant@rftordstDid dratrigsensequence

st 1 aegk 0fa1S . BUTAT T CAT AGG AAA
CAC CAA :éc%k@lgooc AT TTT %T'PﬁéAAﬁéG@ ‘CA- §FCCBEQFor @

| D°REF S i ®a B nbRsEs BRA T aryjett isequercte niddiet) echt  amino

fresi SEQLEP NG . svwherfi rcent cont ent _was
changedgofrom BO%Sth 5‘%%1 %%mv%%gfgﬂ/cg%%ﬁel WEDB-YR sense

PCTF XD FEU60£24CAThea s etipersed torA€he sense strand
of the id dsd arsget 5 L5 - O )
CAC CaT Al BB RATOR b e LR 8 D S was

TGA TS TGA31. CAT ThERBeqd6Ace 2Pdr (RS amdTSers®y TGG TGT

stratd @fa t hgaW bept YR, target DNA (SEQ I D NO 5) was:
51- CAG AGT CAT CGI AGG ACA C CAG AGA TGA CAG TGT
CTG TCAMGE epuenFe- r the antisense strand of SEQ ID NO:3

was: 5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA GTA
TAT TTT CIT TAA TGG TGC CA-3'.

SEQ ID NO:4 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a
consecutive three base pair mutation (underlined) at amino
acid positions 506 and 507 at which the wild-type sense
strand sequence CAT was changed to ACG.

The sequence for the sense strand of SEQ ID NO:4 was:
5'-TGG CAC CAT TAA AGA AAA TAT ACG CTT TGG TGT
TTC CTA TGA TGA ATA TA-37.

The sequence for the antisense strand of SEQ ID NO:4
was: 5'-TAT ATT CAT CAT AGG AAA CAC CAA AGC GTA
TAT TTT CTT TAA TGG TGC CA-3’/.

SEQ ID NO:5 was a 50-mer dsDNA target sequence modified
from SEQ ID NO:1, wherein the percent GC content was changed
from 30% to 52%.
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SEQ I D NO 6 was a 50-ner nutant dsDNA target sequence
10 identical to SEQ ID NO 5, except for a one base

w@2008/06388t at i on (underlined), at which the senBeT/E20a#0124

sequence CAT was changed to CGI. The sequence for the
sense strand of rrut ant SEQ I D NO 6 vvas:G?C- %ﬁ gé.i

CAT GAG. AGA C TGG 15 TGT

TGA CT%@G@ ki ce gGren f 87" ¥ he s&rePdefe &he amdld-type

ftﬁpgeahtDISEQ(E’pE'_Q mr&)ms was :- CAG AGE %TACCGU&GG é&é AGA

CAgZj Ezg:lGA G CIG TCA TGG TGC TC- 3'.
NO'7 was a 5 &?‘u ;:PcrﬁrG dsTNA tGglcgel‘:T§qui€ﬁceTG%O CTC  TG-
idehtical to SEQ I D NO 5, except for a one base pair

mut at i underl i ne whi ch the sense strand
sequengfehe( Cra“Wase c%zc’xhgg% BRETTSRSm e WegdeRée ther wihé-type

‘sehsegsst r R (JEqurwtrarNo :35QWa :NO s/ —ca@s: 1o RGLCAG T ace

CAT CTT.TGG 25 TGI GIC CTA CGA
'ﬁ Z%A%%AB edi@ncé&PPor TERe SRFi sBRle BEFanBeC TC-
of3hut ant SEQ I D NO 7 was: 5'-CAG AG-I-G(%A¥CC3C>;T AgCESQAICS
CAG TGI CTG TCA TGG T -3
NO 8 ms@%ﬁ6 Mitarit YSTRA tartget defiensargsy sequence
| deqlﬁnu:la:lali otSEQHD KO Syo eegceg;{cglgf & Hongecytd v%ag\é/o pair

a| i ti.on nderl i ned at which the sens
stran E‘%}@gléﬂ? s @h tiheaGTen|p $igrand sequence
200Ky W&haﬁ@@dlﬁi&ﬁﬁ/ 000124 The sequence for the
sense rand of nut nt SEQ I D NO 8 was: 5'-GAG CAC CAT
GAC A ECFRINRET BT PagenTaTS B @@Aammsmcm NO: 6

TG : The-aequence four t hm@ntigensest maRd ofgu
S %D %NggwaS:S OA\GAGTC‘ATCGTAGGAC‘A‘C‘AC G
% GPACCAG G rG TFéa TE6 TEE-¥G 3' . SEQ 1D NO. 9
was a AhenBRqoeheat £6is DA a19eln3804ERERY bf’e;{%&&acf?é SEQ ID
6Jdt pe tar%G DNA (SEQ I D NO: 1) except for
ba

consecJ‘fai e thré& @@TpalqA del&tli oRGGi ndiCat @@be CAG AGA
the@e CAG TGT CTG TCA TGG TGC TC-3.

SEQ ID NO:7 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a one base pair
mutation (underlined), at which the sense strand sequence
CTC was changed to CTT.

The sequence for the sense strand of mutant SEQ ID NO:7
was: 5'-GAG CAC CAT GAC AGA CAC TGT CAT CTT TGG
TGT GTC CTA CGA TGA CTC TG-3’/.

The sequence for the antisense strand of mutant SEQ ID
NO:7 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAA AGA
TGA CAG TGT CTG TCA TGG TGC TC-3'.

SEQ ID NO:8 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a consecutive two base
pair mutation (underlined), at which the sense strand

sequence CAT was changed to ACT.
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10 dots) at am no acid positions 507 and 508 at which
the wild- type sense strand sequence CTT is del eted.

wab@4pegsence for the sense strand of SEQ | D NEI'DIB2aGH000124

51- TGG CAC CAT TAA AGA AAA TAT CAT . . . TGG TGI TTC

CTA TGA TGA ATA TA-3'. 15 The sequence for the

antise estrand of fSEQtI D NO9 was: 5 -TAT ATT CAT

CAT AGG CAE"ER Ior they spyke pATargTOLTMUENA BBG ID NO:8

TGTREA- 35! -CGER | ANO ¢Or wasa@ SAsATEr ot aRgr ds cTC TG
target sgau e Ci 8enti cal to SEQ 1D NO 5, except for
a one base pai 56 nbfAt i (dFdértined), at which

the serBe staqanrtceedueneBe SAiNESLhang Th
segyence for the, sense st?and be nuetcant %%Q%?D%E@EO&Q b
Wwas: @ "GNG CAC CAT R AR TCACHIGT AT T2 TGGE TGIAG  AGA
CIEIXTANGATEGA CTC Tfei' .1ced The seguence for the

antise d of nutant SEQID NO 10 was: 5'-CAG
AGT CA%E%Gid’A%?? ACAAEAC G TREA MAGA L CASDTET tETE TCAequence

TG3IEA cEQ- 3o wSEQ- t Nk wasna 78 .ant
target. sequence identical Jgt.eo SEQ ?D ﬁg%w}e% esgé?%r% for a
a one base 'pai MR Hatat PaAT ( Wedetirned)yinddtanbhichy three
t héotsEnse siniabdasequsdae i cGECsWas, chadged .t o3l
V0 2004 065631 PCT/ 1 2004/ 000124 The TPy, e
sende StTandS6FanutSEAvesee FBING 1deeizd .5' - GAG CAC

CAT GA@hAG&e@é@h$éﬁf6$ﬁtﬁéxéeﬂéi5Q%%éé@T%éﬂgﬁéii};§%§9 was:

CiG T 3" ... The sequence for the antisense str

mﬁc aITt%GSE(SAICD COTNOTEE WASR SABICAGTREST @NT CGI. AGG TEGA TGT
CAQ (CAGTEGATGA GAT§3AG AT GAG3TCA TGG TGC TC-3' . The

PNA pr ?Fges wer e synt hesi zed, HPLC purified and

confirmed BPWEESCsFeEt tdscopyFisgneemybnaedl bfi SEQ ID NO:9

Bivatsechsol-ogresatt nGat( RcahnoRds Viba USA)L- pr obe
TFAZ?t rifl ugr&@écet [ 'csA TGA

ver 13 first dissolved in 0.1%
am%) GTa CEBNCEMt r AGConTEE 1A TY/n , and t hen
dil ut edehoId NOAMD H¥s a 50-mer mutant dsDNA target sequence
identical to SEQ 1ID NO:5, except for a one base pair
mutation (underlined), at which the sense strand sequence
CAT was changed to CTT.
The sequence for the sense strand of mutant SEQ ID
NO:10 was: 5'-GAG CAC CAT GAC AGA CAC TGT CTT CTC
TGG TGT GTC CTA CGA TGA CTC TG-3'. B
The sequence for the antisense strand of mutant SEQ ID
NO:10 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA
AGA CAG TGT CTG TCA TGG TGC TC-37.
SEQ ID NO:11 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a one base pair
mutation (underlined), at which the sense strand sequence

CTC was changed to CCC.
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the addition of ddH2O. Final PNA stock solutions were
prepared in ddH20O at a concentration of 1 pnole/l.

woe@beeddl 1 was a 15-mer PNA probe designed tPCTEB20042000124

conpl etely conplenentary to a 15 nucl eoti de segnent of
the sense strand of the 50-nmer wild-type target DNA

(SEQ | NO._ 1 over | appi ng am no acid positions 505
to 510Df1?\fat GPateneRd), £957 (hPoosyyse TRETMYG eefi ondianty SEQ ID

of NOh&l pwabde m@z—smpﬁﬂd gocqu ar@Abpa[?ﬁ;hl ekbako trgﬁt eht ccc
th st in the tar et e sequence for =
ProB8 NEST 1 C{T%EQ Ff NEFA2)Tqfas CT6' - FE-EAC CAA AGA TGA
TAT LySTm\&ﬂqu’éncePﬁf@Qeth@ adtYesndk IRy %@Anﬁrt%ﬁ SEQ ID
ﬁét in cl\tupxe;_’nce to Probe No. 1, but was of
17

r‘é%?1 on M oCPAJar &CTel 266 t AGR 0fAEheCAG GGA

Semck stxanddm the dsENA 4@ 0ate The. sequence for
Pr obe No 2 SEQID NO 13) was: 5" -H TAT AGT AGA AAC

CAC- Lys A3'Profge 18cher SYSbRASprobes BREELe purified and

Syﬁbhfﬁﬁﬁ&&ﬂ anﬁypur|ﬁd§%d by éﬁ%f%ég%ggboveb SS DM mmonwealth
I—EO at 0 contentration

bes di.ssol ved in dd
#@aoglpﬁobénﬁb (Biglreond 1 5AneUsds DNAPﬁiﬁol@éobes were

deSLgﬂeddh@sbﬁve&OHEJeﬁefy @Qﬂplﬁﬂg@&35¥o£5é 01d to a
nucl eoti de segnent of -the sense strand of t 8

Wi Fﬂn‘f%%r"%talf"é‘etOfDM (@YD argh %mo@ﬂ%&p 1 mg/ml by

PCIhé B2QR44000124 NEuD) .. The i esfrh onaldcby ?élt%ﬂ%ns were
probe was opposite or antiparallel to that o

seREePEEThAd diHthelt ar gonceTheaseguerfcé bopl®/pbe No.
3 (SE 4
Prg) théb&ﬂ}om%%)a\ﬁ?gwansgr s%\lﬂ' Br o@\% Egﬁf?cgesllﬁned to be

segoentEaly RrasipdeNent8rybtb wadSohutheosad® segment of the
O\ SEELA 09RHAY, occTofer Shiflut 8.1 0800l LNESENEES (gm0 1o

strand int h&* SEq
4 I(I@EQJ Damlaplﬁ)'lgvmxlnE' ac@ékOpA@Itilﬁﬁs G CAE- 810 INature

F&gﬁf, cal 750@0@3 B agxlcegcfrta:(}n%ﬁégyu\&a?%ggﬁéoombe was
opposite or antlparallel to that of the sense strand in the
target.

The sequence for Probe No. 1 (SEQ ID NO:12) was: 5'—H-
CAC CAA AGA TGA TAT-Lys-CONH,-3'.

Probe No. 2 was a 15-mer PNA probe identical in
sequence to Probe No. 1, but was of the same directionality,
or parallel to that of the sense strand in the dsDNA target.

The sequence for Probe No. 2 (SEQ ID NO:13) was: 5'~H-
TAT AGT AGA AAC CAC-Lys~CONH,-3'.

The 15-mer ssDNA probes were synthesized and purified
by HPLC as above. SsDNA probes were dissolved in ddH,0 at a
concentration of 1 pmole/pl.

Probe No. 3 was a l5-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the

sense strand of the 50-mer wild-type target DNA (SEQ 1ID
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fluorescein noiety at the 5 position. The sequence
for Probe No. 5 (SEQ ID NGO 16) was: 5' - Flu-CAC CAG

WORBADGB3ICAG 3' . 15 Probe No. 6 was a 15-ner peCEIB2004/000124

SsDNA probe identical to Probe No. 4, except it had

an attached fluorescein noiety at the 5'17)pOSItI og
Thgasequen for Probe ...6 (SEQ I D NO was: 5'

Fi ﬁOG%% A eGAd GRS OAESLEYo (PHr 5B8 REOPR ieRs aopposite or

15apkirasNAe Jprebehawi tsh t&[bdastetn@%hgdi;azﬁ% U %e:t'atrgﬁt
noi et the 5' os ti esigned to be conple
conpl gn@? ary? n%EPQSt Nge SedfERt IBf Nphe‘l) semse 5'-
st FARd GAGt W@PBOTGBr oat-cBktype target DNA (SEQ ID
NO 1) . di &ectl onality of the probe was opposite or
25 antiparall e to tKa¥ &f +he"¥enssD¥Ar #v@ben tdrntical in

t acgmend’dWG:cs@(I@eﬁCEof 03, Fﬂ’tﬁbeva@oof7tﬁ§E%rtle’:\)bcng]c%)lonallty,

AGA TGA TAT-3'. Probe .
magr ara%ﬁé& g@o%g %$dﬂ§ﬁ$@6$5est€@%%ﬂétém$ dsDNA target.
corrpl e i aere,qde@lce ¥ornwebpet kde segaept 18fy éhf5(§%5: 57 -

TER0: 2T T i PG Tty of t he probe vas

ant [ parmddbel I\IO thatiaof 4 hessgase S %@gai_@ei & spna probe
target. af% V\QSZO 4/ 065631 PCT/ |1 B2004/ 000124 The

sequence r obEoRB. NP -( SEQ | BXREPL9)ithadiads' anCAEttached
CARL G SEGANTAS1 3Ly £ abe No. pdsapgdorobe No. 10 were

15- ner ,I[H.It ant ssDNA grobes identical in sequence to '
Wil d-type ProbiEPRE. T8 F5ok&clpt §ofSEQ ofe Basks) was: 5'-
muE lat- QT (Kmderht;medt)GA Thecsgquence for Probe No. 9

(SEQ | [E) S' 5'- ' CAC GAA AGA TGA TAT-3'. The ‘
sequencéggg Pr oBe 2 1¢-psEQrrpr Nee R 195 Nds probe - Bightical

CAfo AGALEGNOTAY; 3excé§k|ﬂt hSaWeh! a kP4 Hat 33D 1 moiety

strands qQf m xed base sequence readily form

ssﬁ&%ses%l\mpaﬁbt:e%s on a Watson-Crick pairing basis

when r aaet edqukhbe efdherropBt kparal | 8o & No:17) was: 5'-
Flu-GAC AGT AGA GAC CAC-37.

Probe No. 7 was a 15-mer ssDNA probe, with an attached
fluorescein moiety at the 5/ position, designed to be
completely complementary to a 15 nucleotide segment of the
sense strand of the 50-mer wild-type target DNA (SEQ 1ID
NO:1). The directionality of the probe was opposite or
antiparallel to that of the sense strand in the target.

The sequence for Probe No. 7 (SEQ ID NO:18) was: 5'-
Flu-CAC CAA AGA TGA TAT-3'.

Probe No. 8 was a 15-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the
sense strand of the 50-mer wild-type target DNA (SEQ ID
NO:1). The directionality of the probe was antiparallel to
that of the sense strand in the target.
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paral | el synthesized ssPNA strands at room
tenperature. W have previously shown that such

W@ sMAcBIDNA conpl exes 15 contai ni ng perfect| yPOHIR@H00124

sequences can reliably be distinguished from

SSPNA: ssDNA conpl exes containing a 1 bp m smatch when
assayed.l n the Qpresence of the DNA intercal ator,

YOYO- 1dj{}f\?o| Tt é’FeP e$roRGgdRe, BORSEQSAP, NOARE) t at: 5'-
t h6AOr deaA ofacassenhl yrof-3he PNA strand has a 20
S|gn|f|]_9at arléwg on its ability to specifically

bi nd a Yrarget?d BEXARA o1 ddnpieres ithreer mutant ssDNA

ef prcbeﬂc;id@htlém TEitri o@e@ﬁeld@l\le\ dup| £x6S, €8 ohe No. g
i -L%Qe aQr nutan% ssDNA  target sequences are ’
reac

wi th AafSo a??llﬁtktactdr?ﬁ‘l dHBAeatinednt i paral | el
ssDNA prmdoesecpfen\Met Ifoliomibggobé& §hQEEéﬁSIb° 8&0) 29as:  5'-
[ d&g{zl g@ p%lgal | el ssDNA Jprobes. ybrl I zatl on
redc i xClr ed 6| 3flsetothe data illustrated
in Fig. TribAseqa@hCQOﬁ&]al met e .febl eyddgp fﬁdﬂz‘if "
png_l ? (ﬁf SDNA t ar get, nol es” of 'ss probe 975
2 Al of %Y@ |3n -a final volume of 40l .
30 The Teacki GRIM XkN6@S WBRE INGHRAL &4 Al 08 [i20d pase
ngerature 21C) for 5 mnutes, placed into a quartz

THECe iR 'dﬂ&t EQTmi MY ssPYAndiphetes em edatson-Crick

hapainguﬂg wauel engiten 0f-c488.8M.and, Nanitor e
fl uor escent eni ssion. The 34 VIO 20047 oesas%gﬁparallel ox
4

Pt FEB612AT2¢Mt THRAA P LERNAF UBF cstBhdemeggature.  We

pl idted pafe\ﬂofu@m(jtl aRonh  ¥avel ength farmeach ganp
zed., In Figs. 1B and 1C, the hybridi zati gﬁﬂ b6inp1exes

ana
r e%%‘%/tfaolﬁllﬁlgxt B?EgeCYJZDOI yadgbRdc oReEReRLE T heealnol odiimgly be

2 d&ﬁﬂﬁﬂ@u@%h&&DméomSs%@NﬂeEsD@Ap@aﬁ & t
-fluorescein | abel ed ssDNA probe, ﬁfO r?MCTQr} salﬁélng 5H 1 bp

7 %ls%ﬁfh AEDT AR STaMES eabt | oRbRI xPUEESICOET OF the DNA
IrﬂhﬁﬁﬂdaiaabrrOQ@Ybeﬁpe@@h%Eﬁlgg1%&0%85 B%Ug%%gte§ﬂpr USA)

90 m nut es Fol | ow ng i ncubation, each
pl H¥ed et &8 REseas etivaseembly r adi dthed Wﬁs hsgnand has a

arﬂ:@hﬂﬂr&ah@S@ea%Qn eam hay nagoﬂ.l%vet! n%‘l{blcglczlé%% MPind a

and nmoni tored for | uorescent em S$si on
f 1 3R Es c R IRHt ensi ErasPlocchr rearrarea wabkel engfhcnéncy of

520 fAt ibhe @MEsPNaN MY ekeldtRen wild-type or mutant ssDNA
target sequences are reacted with Watson-Crick complementary
antiparallel ssDNA probes or with homologous, that is to say
identical parallel, ssDNA probes.

The hybridization reaction mixtures giving rise to the
data illustrated in Fig. 1A, each contained the following
mixture: 2 pmoles of ssDNA target, 2 pmoles of ssDNA probe,
0.5 x TBE and 500 nM of YOYO-1 in a final volume of 40pl.
The reaction mixtures were incubated at room temperature
(21°C) for 5 minutes, placed into a quartz cuvette,
irradiated with an argon ion laser beam having a wavelength

of 488 nm and monitored for fluorescent emission. The
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for fluorescein. The intensity of fluorescent em ssion
was plotted as a function of wavel ength for each

W@ a09plese31l5 anal yzed. When the ssDNA Probe No.PGI/v2804/000124

reacted with the 50-ner wld-type sense strand of SEQ
IDNOS5 or wwth the 50-nmer nmutant sense strand of SEQ
ID.NO.7.1n th% presence of YOYO 1, antiparallel .

conpl eREhtAar ¥ Ts s NI IR Gupr 2 e ® LREERI 2R S oRMefinction of

(FivgveldygtiT i ledenessmpite idH875kLY emtted by the 1
bp T-G m spat ched antiparal |l el conpl ementary duplex
(sense %t%d of 8B6 {1H Nérer hwbmigheabon 3)eagds oB6%Mi xtures

| oyveonthagathat -aLpe y erfectly matched
an}(\?pgrgl ol cocﬁgfgggng%?a%@ d%peleo%l(lgénsgstpfné’ﬁf Sofot ssDNA
SEERFEEINO B PuptobeoNos’ 3jludssiken tlhees8DNAs BXIRbBrobe, 10
3 - ct id h 50- W | d-type antisense
Nomr 31484 HEROLa0 WP R SO | UV RE NSRS e
efW$E¢eh@9ubﬁtqmamw|ndthQﬁmbéﬁ@ﬂ§r%S§i¢$9Sig&MBOd#@hg%es or
fo LOn,_was o 3% | ower than the efficiency o
an??ﬁ%%gﬁ%?'co?g&%é%h?%rﬁnggm%m%pﬁwfe was placed
f ormed i anqﬂ@rtEi ﬁuv&’é&e};, T%i:%ad:%%&c% %@%1 (\é}{rpa}l_‘lgéeclﬁ'{ yj_on laser
u i ci,pat.ed. The 1 p A-G m smat ched para .
hggrr%%%ggﬁ"svl&gpl Bx fOrhEd9ienct he 8850 feramlit aimitored  for
anflsenseesitr amisﬁio'ﬁEﬁg T l\@a&iM@&f rf%%%%_@%cel’{\% g Iﬂ\r}\}:)gﬁsities
SS Prope No. 3 in the presence o L,
205%‘7‘%)%%@3?%&/%%@6629%0&%452%r%uc%ﬁ £fijsgépasyenelength
enfesi Dhudnsersinty trhat inwesn$6% | omefdRaRehPalnission was
em'it d by the perfectly parallel honol ogous duplex
G ng 25Coft r JPREEAPT esCE oA TSI teacKoB0- AReh  sample

ssNAL tzaraget pl us 500 nM YOYO-1 exhibited | evels of 5

fluorescence which ranged from91%to 92%Iow¢r t han
t hat g”ﬁ“seélr \ef&? PRt heokrer¥ecty yatatieRededupli Breshe 50-mer

(Rrgld-tAjpe Toithsd emedanefl dd uoE@sesnad.emdtt ed Ly e 50-mer
15-nmer ssDNA Probe No. 3 CS)I us 500 nM YOYO 1 was

sﬁ%ﬁ"’{% GrEAt é?rﬁﬂ%‘mOf h3f9 pHoditdd 1thEheOpcesentonet YOYO-
The, shirftti pamaf i gor e@&men@mtgss_yons;&qmﬁmﬁnghﬂplexef were
obgerve i.,th the ssDNA targets and probe is typica

of 1*d 9anil8di on TP of + X3P He ipitesehbE ohitted by the

SSDNA T-G mismatched antiparallel complementary duplex (sense
strand of SEQ ID NO:7 + Probe No. 3) was 56% lower than that
obtained by the perfectly matched antiparallel complementary
duplex (sense strand of SEQ ID NO:5 + Probe No. 3).

When the ssDNA Probe No. 3 was reacted with the 50-mer
wild-type antisense strand of SEQ ID NO:5 in the presence of
YOYO-1, the efficiency of parallel homologous ssDNA:ssDNA
duplex formation was only 3% lower than the efficiency of
antiparallel complementary ssDNA:ssDNA duplex formation
(Fig. 1A). This result was completely unanticipated. The 1
bp A-G mismatched parallel homologous duplex formed when the
50-mer mutant antisense strand of SEQ ID NO:7 was reacted

with the ssDNA Probe No. 3 in the presence of YOYO-1,
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YOYO-| facilitated DNA conplex fornation between a
ssDNA probe and a conpl enentary base sequence in an

wda ooanéiopar al | el ssDNA target, or between a ssSENNB0OH®0124

and an identical base sequence in a parallel ssDNA
target, with simlar efficacy, to allow I
di £f Lat i bet ween perfectly matched conpl exes
an%rt8 Eggéa2‘%nﬁ]a%onﬁeﬁﬁeﬁtlgﬂbs?ﬁ%ri”r;i‘t”r,tﬁ.nsllﬁy thet parsalesl lower
hofbkbgous: tworpliexes, Bhe t_llilﬁbppgjsﬁéaﬂtqb @érfé%_lg_ﬂ homologous
non- | ogous e pair. e conparative efficiency
of Q&E?%a?aﬁ?él ki%icbrrpl EHETCAr faﬁﬁ’&eﬁampéllshéﬁpleégbuéO—mer
ds BEPNYuptexgdtor (rjm]tdsgrlllAfsogas nﬁqgr Qbeb_ﬁ?ﬁ&mb Sy anevels of
Ss rgets and, ss - robes in e _absence o
conp 8%(8%(?%%09“‘?%1%@%?% chF¥s ¥SvGa1 8¢*28ovari shan that
Whehseireed SONA RHRr pberbot1p M%He@CHQ?§§Qe§ _O{Fi . 1A). The
rﬁrjg%gf <i>P %iis buffer at roomtenperature with the

r~ wild-

50- e TP SETSe SBEFRAG BY 1@ 5sDi¥Ae Probe No.
VABSphar § @k nncmmloemewaarylﬁgnﬂle,aiﬁbh%rS@Q.lhlﬁ AR BB anced
resu

dupl ex e _forned very efficiently, A
539 r egéYc%\TB%n P70 1 udescERtTeni 83 ofleorRrmead t emission
t hatvelerdted bysbrebe Nochb tral onenFi gaﬁ%vxs' aB¥ probe is
coptrast, antiparallel conpl ement a(g/.  SsDNA! ssDNA- F
conﬁ?le(f(aejs f’ﬁat TShtaitned i st By HE R iiss b cFhe( seretence  of
stsapgaof SEQ ID NO 7 + Probe No. 5) were Iless 36 WO
2004/ 0 1 _PCT/1B2004/ 000124 stable, resulting in

only a6?éfg’g§)fc}ec 8551 FHE9d uGNBscerrPlashi Esrvatteompdieddeen a

tosshed epiddeed dny PraObQ:oN?leﬁe@tl.Qﬂ/e afdRs s%q%gnce in an
m nut e incubation gig. 1B). Paral l'el honol ogous
W -eg‘ CHPPeXELIGEr e OFoPREWSSE aheAPTAePsePNAaNd an

Pr D@@Maﬁ w&ese r gagtiedc th thep POy Wdshn LYPEyet, with
antisense strand of SEQ_LI D NOX5 or with the 50-ner
mut 3Rt 3nt§ S8 Yst Fandl v SHGTepeNOL 7t i e g tatsieng perfectly

f | 1Ot @8 NMor@lekes0BNHNEEHSE ti&s 4:hat Wer § %%@an%g}% In
Iovxﬁer, respectively, than that emttegb ssDNA Probe

No“ 1% Ii%)raafﬁ?e hmdog9us0 CRiTRLEEST nctitrat | obe (Fignati®) .was a
Theo@Vi dho IfoRioiBt baBe Ofaar al I el honol ogous _
SSDNA: ssDNA-F conpl exes in the absence of a pronoting
agent V@Ee Conﬁogtpéqr?tive efficiency of antiparallel

complementary and parallel homologous dsDNA duplex formation
was further examined using ssDNA targets and ssDNA-F probes
in the absence of complex promoting agents such as YOYO-1 or
cations. When the ssDNA-F Probe No. 5 was incubated for 30
minutes in Tris buffer at room temperature with the 50-mer
wild-type sense strand of SEQ ID NO:5, the Watson-Crick
complementary antiparallel ssDNA:ssDNA-F duplexes were
formed very efficiently, resulting in a 53% reduction in
fluorescent emission compared to that emitted by Probe No. 5
alone (Fig. 1B). By contrast, antiparallel complementary
ssDNA:ssDNA-F complexes that contained a 1 bp T-G mismatch
(sense strand of SEQ ID NO:7 + Probe No. 5) were less
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unantici pated. The discrimnation between signals

emtted fromperfectly matched dupl exes and 1 bp
won@ratsbed dupl exes 15 in the absence of conpP@RIB2004/000124

pronoti ng agents, was not as dranmatic as that

observed when YOYO-1 was present and served as the

prQpm é and s?gnal [ ng a%?ent (conpare Figs. 1A and

1B). " Thi 6 was ‘the"¢as 1¥%oeh i paFERas® and fluorescent

paralibeion dmmdpaxeﬂ Sl t@mlém&%a @g%&bmr}@é' Qﬁa&ﬁ&e after
bet, gnmPerfec 8 hed and 1 bp m smat ched
corrpm?exes WAS 5’6%18? 2" - dBdaral | el honol ogous
SSDNA t gt lafasions edgdbhians N sabyaapt LHasall Ll Were formed
enegnt ar tar et_was used to produce he

gﬁﬁ\ gghtﬁ\ﬁ%lp@o ?e‘% (F? glasigpacheterith gﬁlernﬁﬁﬂrer wild-
|nty|pat lanm;syméoat&h@k antsm@tar@él g? %ér%rechﬁth the 50-mer
ds S.S DNA- exes consisting o

Q[\?a%nt aryt ei:ﬂnqlp?enc%"sra(ne,dens‘éf Stg%l @d 6P SEQ:VD N@eBetating
Prob@ormerﬁ;) efidsbeh T-iGrehsiat ched sgqugpees 445‘9”%% 373

%and of SE y 7 + Probe No. 5) produced a

“%0% de ga%éve YesplRti /Yy, enif tetdudveseBR Probe No.

emalssm@nalfﬂéfznsl t30 compaied; housh tcjﬁat ttf?1 by e avid
I\éo one§gL 1C) Remar kabl y, ara

]fnfcla‘_"gojlfé1 O?DI@? Ebﬁlg\ BOREHPY Bk s B - @sp@a F heomshemees in

I et/]eda ofab&te&bbl | tye af teer ggomﬁq{ges %Emhgcuh@atg ON B8pietely

didt Crlck antiparal | el
co‘#b?‘&éecslp W0 Brro4d Jo%@%mnp@rpn BROOYE©D0¢ RdnaFheenitted
f | fiosreseerfiedeny enstéhes dupf1caeBeRfigCT Iy Qﬁrs?%t% g duplexes

hom)l %%ous du | ex (antisense strand of SE

%5 n5cd af 1 opPASS mrsmeténed a;gaamawsl,emas not as

hoamlr&gﬁus aduphex olﬁ@éﬂ#eﬁﬁ%@nsyéf?‘@dl q;asS%QeSQnIéIOFZd served
Pr obe were 40% and 5 25% | ower, respective

t hah W]%t Pjégi‘i“??ee‘a ;A sSPNR Prsheag g, Baalrere aﬁug@r dA and

QOle nuteni nckhatin (HQo. fc;lrc)bot-ﬁh%nrfg_?)gﬁlgl%gl Ognd parallel
(g ni tion and bi nding of th honol ogous bases 1 n

S-el B%WBGuﬁﬁéiesdl%CWﬁémon atbathiesnt | perfectly

N&Nﬁfdl’féa@ €98, 1 8p0aR kb 08n &N oo %n@geggslgagagégéf\%d when
honol ogous ssDNA sequences occurred in

cohf PErhts onRoRetar oS owtldl A h*éaltﬁ%tcrwa‘ﬁ nasédntbehweden an
pe{ﬂtﬂqiedr)émalclaeﬂ@&%%ﬁ@”%?é@é god &Q@éeto produce
COI’H alssDN% ssDNA-F complexes (Fig. 1B).
After a 90 minute incubation, Watson-Crick antiparallel
dsDNA:ssDNA-F complexes consisting of perfectly
complementary sequences (sense strand of SEQ ID NO:5 + Probe
No. 5) or 1 bp T-G mismatched sequences (sense strand of SEQ
ID NO:7 + Probe No. 5) produced a 39% and 30% decrease,
respectively, in fluorescent emission intensity compared to
that emitted by Probe No. 5 alone (Fig. 1C). Remarkably,
parallel homologous ssDNA:ssDNA-F complexes exhibited the

same level of stability after 90 minutes of incubation as

did the Watson-Crick antiparallel ssDNA:ssDNA-F complexes.

37



10

15

20

25

30

albpor 2 bp msmatch. In these parallel honol ogous
conpl exes, the 1 bp m smatch was a non- honol ogous base

w@2001/065636 Exanple 2 In Exanple 1, the remar kabdB1B2004/000124

efficiency of parallel honologous ssDNA: ssDNA dupl ex
formation was denonstrated both in the presence of a
co_r[(HI eX o ronoti ng agent such as 20 YOYO-1 and in the
abséRce TORCRRT DI BXEHGdEsNg tagente.  pRhefectly parallel

r enogol dg@is aﬂ\ﬁbl@ﬁqddd}&l%fengges‘aﬂ?gﬁé089UEF§a§BSan5 € obe
pa allﬁl dsDNA dupl exes was such as to a W éas

@i ™ n3tY o %e‘%ve%rﬁ ﬁ@rﬁﬁr@@pmdhgﬁna@g@umm@gous duplex

Se%lﬁﬂi:%qseﬂ%rﬁ%ﬁabkebEé‘ofﬂ)ll\ﬁﬂqui %?gﬂgnllges hax,lqtere 40% and
|ned a l bp 25 m smatch. These paral

Fo 8US*1 BFSResHhtTHes Weare thitsoemdeard yby ssDNA Probe
remegm zahe agtR-SHRbEheS, S%ﬂc Ba{/%?o gﬁpl

conpl enentary recognition and bi n I ng rul
2 exani TEs HEhe@d 8N Pifonraseybi tidimg aerfdfl rblledatygofof the

pahéhd Bdg M LaQuUS; [SRNA 19%§S dvtsﬁﬁ?h EELaI A Ais A known

G C 30 hase pairings, to determ ne hese
VAt §orPesi c?lmeborrpl ftar:'jkepaj rirﬁgsgap’pem asd binding of

m sapd xhes | RoRoPas@ld el Yel i.ndin react'on.,
38§V\D 2004/ 0686%1%&/ I 82004/ 0001%}%“% Seciired a

hy B3 i PHETGR 0 e#BEcBn Alkewed (468 ) muramtiadtﬁ_he between
f %éﬂﬁécﬁﬂy £2aREBLESs OhnASSIMAL AL, %Y%gg} }igs _I%DJ eL:Sflose SHI%IAlnlng

probe, 5 x TBE and 500 nM o eacti
m Xt dr e@ wefe 4 neRibafenakeh oorﬁrt ehipesat preal 240) hf)mblogous

5 Sonf RS, thbaced, it OaMuaLtz, cuyett e .irradi .
Wit hﬂ@an argon i ongﬁaaser beam %\Vl ngéla h\/\?_zlaﬂ\?é! gﬁﬁ?hg%?e pair
488 nmand nonitored for fluorescent em ssion. The
I nt.engiitey 2of  fluorescence was plotted as a function
of wavel ength for each sanple analyzed. 10 Wen the
ssDNA ﬁnoblgxwles twi tthhea H3%rBEbdenteMicivasy remchethllel

Wi i dind1he; 020- nggnmlgﬂmped tisense sttand of SE%'D ated

NO5 or with the 50-ner nt antisense sttand
| BP0 4o ?bﬁtﬁée?ﬁmn@% @f cY@Y , ppanalirgl agent such as

hO{M@QO%d in the absence of any complex promoting agent.
The recognition and binding of the homologous bases in the
parallel dsDNA duplexes was such as to allow easy
discrimination between perfectly homologous base sequences
and parallel homologous sequences that contained a 1 bp
mismatch. These parallel homologous 1 bp mismatches were
also clearly recognizable as mismatches based on Watson-
Crick complementary recognition and binding rules. Example
2 examines the recognition and binding efficiency of
parallel homologous dsDNA duplexes that contain A-T or G-C
base pairings, to determine whether these Watson-Crick
complementary pairings appear as mismatches in a parallel

homologous binding reaction.
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SSDNA: ssDNA dupl exes were forned (Fig. 2A). The
fluorescent 15 intensity emtted by the 1 bp AT

wor@amesbed paral l el  honol ogous dupl ex (anti SECIEEB2004/000124

strand of SEQ ID NO 10 + Probe No. 3) was 72% | ower

than that obtained by the perfectly parallel

hormol ogous dupl ex (antisense strand of SEQID NO5 +

Probe N&2°B) hé’Pngl@ﬁt)lorfrhrsa@tmmt ntxdecr eddopln 2ntained

fl HeEessend SSI20 h £P e I ous dupl ex
cont aj ni g%'v;ﬁ{a A%%‘Mg%rgng?ygﬁ%gjcesqe@ g of ssDNA
k A-

vabsehe, 'ITB@ naineg S0Qs il nebeEr e’dOYIy—lt he sPad | &leaction

r confi |on i nposed on the A and T
aggég‘év\ﬁglsa g%f 1}:1011%3&315' @I o’@%{‘,&e%attluéﬁds 21°Cc) for 5
at nenpténg phacshi Bvieo shabher2d dupbeXe, COPLEi®l ateq %1th an

sa canpri sing each 50-per ssDNA target plus
nﬁ%%% LSl e tredb?aé’i‘/e?§vblf‘gfIauo"l’ae‘éeé@ﬁ’@féhv\m%h‘l% nm  and

ramgledtcﬁremn Fo% t 01972 ewer tharst bat Obsﬁ{eVeCXn“Me'ﬁF,lty of
?1 erfectly rratchf ducgl exes (Fig. 2A). The leve
??ueosrcéesncceencvé Pt y2fhé 159fogsINA Propketith  for
3 phais S'iﬁnpﬁ.(éOanMLyﬁﬁ(&}l was slightly greater than that
producevﬂq OYO- 1 alone. The shift in fluorescent

eni ssi on Wa\;C eeﬁGPHA BHERT VAL wi t Hittike ass5I§ﬁAG€a|Cgetsnt was
antepriohk visht %tnecad) r@érg 9@1\5%05% %/ gﬁg%%%élr%% RbhkeokNsEg 1
t esence_of  ssDNA !

P% %2%64?’66%1526 DgAr%?JF el kol BfotieeSDNATSSONRE SEQ ID
dupd exes Mmer ehal sprbeered when {ben-S50- rr%{ar\éﬂlllgltyﬂgmologous

t d of SEQID_NOI (with a 33%GC
22n?| ennse\@g‘ aga%%%s WRHF theemge &iF%q/peZA )ss DiiRePEdberescent

I\bln’r&ermrltw t bmi breedrutignt tEEDNA Bobgst NGy G-t ed 19.ra1101
esence._ of YOYOI (Fig. 2B) . The fluorescent

n?%r?]os C{)gloég HPLERd (BYEIRNSE Fiyrene AfsABRCHRANO:10 + Probe

p’o‘ﬂr(a.l | ) wh@l’TUlZ%g(lldﬁve@UFﬂl'ﬁ)ﬁ (antd sense 3y and ehsgchfectly
and the 1 bp GG msmatc

pa‘?aaﬁalléelh&ﬁﬁ‘f’g@%ﬁ%s %‘e&ﬂ@é& (cariiiseBAS eSEERBMOHF SISEGD NO: 5

IDrl\@ﬂ:bé‘ RroqbesNo.(rig) wene 10 6'?9(&@”@11:@@[5%&8 ecrease in
fjactlvel , thnthat obtalned by th perfect

19SS R 8 |%I@Joir%l%plbéfx (tQﬁHE@?@el%]tréWQOéfbgogEQ duplex
'D:d\@alntner aba Ny B)r,( HtdondB)- sﬂzegeg@éﬁlayar@tm@ #tson-

d% %}eer ac&)lln 1ggsveagslglrt1<:li]eere%arba3/| lt%e sgrarglg%ogrsw.d/or charge
configuration imposed on the A and T bases when part of
parallel homologous strands attempting to achieve stable
duplex. Control samples comprising each 50-mer ssDNA target
plus 500 nM YOYO-1 exhibited levels of fluorescence which
ranged from 96% to 97% lower than that observed with the
perfectly matched duplexes (Fig. 2A). The level of
fluorescence emitted by the 15-mer ssDNA Probe No. 3 plus
500 nM YOYO-1 was slightly greater than that produced by
YOYO-1 alone. The shift in fluorescent emission wavelength
observed with the ssDNA targets and probe is typical of

YOYO-1's emission profile in the presence of ssDNA.

39



10

15

20

25

30

was unfavorable for Watson-Crick conplenmentary GC
bi nding, 15 resulting in a decrease in fluorescent

we@pig®eeal | ndi cative of a 1 bp m smatch. ContP@I/1B2004/000124

sanpl es consisting of the 50- mer ssDNA target plus

500 nM YOYO-1 or each of the 15-ner ssDNA probes plus

500 nM 1 resulted in levels of fluorescence that

wer e sl’fgﬁjﬁ'i1 1P lgr dsred ogaas t TRANpsediideddupledns Y@¥@el also

aI dnemé&i ghe?Blhe THerRHORR1gLRELLN pai.r
amgl Igle IEﬁg%rr%I o(gous dsDﬁIA gﬂé gé%?% or rre%and Pﬁ §‘EQ D

pre Ehc & HER YOS Y, GC fipnvens) c@ﬁﬁl geratédnwithatthies wild-type

unfsaxzmabk@oé Q¥o . blm@m®ltﬁekﬂ@eﬂu%§o&% Cﬂ%oﬁ)es No. 9 and
gﬁlenentary base pairs, resulting in

exE8 ABFe&TCAENES €BnIAVA-1 BPiei sABL cheSheWs labeescent

o tenenvi &agenhovedn sgatghes, i, bi adin en
\/\hﬁ;%}e occurrlﬁg as pa??1 of a hg)lp?p?géofglls ?%Jh C%rgﬁ‘aallel

conNpPrexC e c%ft&léxen‘é\“&éﬁﬁésanétre@@aoédsmtIDnNoa:s + Probe
throbage sgquenges 1rypt ocachieug ££ﬁ%§t% %iglo% ?ogous

30 i deal b| ndi ng configuration under el t
mot¥plex ¢ (antd sepseceemrrhat kﬁﬂ@dllﬁgN@tlethﬂbh@f Nbase0) were

pasTs HpSt 66AM Ofer dOMNSIIBAMLE, NuGleation sites
metal ions and ot?ﬁlér factors o ﬁ’ ave a ge alﬁeodh by the

t B 5t % Enipt sPRER B e@@n@MWg dur@am szws%ﬁ@s]strand of
PaI B0 000124 oexapl ) 3 (BN sxanpl g examiaes the

efficiency of antiparall eI | ogous ss
duE?%XlPB?ﬁ%fﬁ%ﬁgf%@$¢ﬁta@e@hbyp¥@W¢ﬂe5 LOlebgous duplexes

NMORY ah.erd Qn T r t [ ons,.
giving ri s%&l%tc}?lt Zfora{wgtgxf)l%g%%]gt% |n PG BAC B aRRnding,

coht 3t % he 1o fesrerpe ﬁﬂxtiﬂwprqﬁq@wﬁle&ueﬁlssDNAdlcatlve

Lasged. 1 20p Ml 65 O, S N IADG 008 X TBE and, SO0 M
of YOYO-1 in a final volune of f& O‘Ferea
m & Ur @3PNer B2 rertubatusd R0 robny@Ederat usach (Qﬂojhé OL5-mer

5 &dm e%,rOBEQCGEQldsl’It 90@l Ghar 5Y8u¥etresultlﬁgggngrka %?fels of

with an argon i on | aser beam havin wave
A8BLYRRETEIeEnithatedrerer sflligbkégcgntakear ssham. tAde produced

| %ﬁ%ﬂdLlofalBth'fﬁﬁfe@B enm ssion was plotted as a
function
Therefore, the interacting base pairs in parallel

homologous dsDNA duplexes, formed in the presence of YOYO-1,
adopt a configuration that is unfavorable for binding
between Watson-Crick complementary base pairs, resulting in
such duplexes appearing to contain 1 bp mismatches.

We are led to envisage how mismatches in binding
sequences, whether occurring as part of a hairpin or
multistrand complex can cause energetic and repeated motion
as the base sequences try to achieve the stability of the
ideal binding configuration under either binding motif. It
is expected that binding strength of base pairs upstream or
downstream of nucleation sites, metal ions and other factors

will have a bearing on the attempts to achieve bonding.
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15 of wavel ength for each sanple analyzed. In Fig. 3B,
the hybridization reaction m xtures (40l) each

weontaseed the follow ng: 2 pnol es of ssSDNA t aP@QETB20@®/000124

prmol es of 5 -fluorescein | abel ed ssDNA probe, 10 nM

Tris- HCl, pH 7.5, and 50 mM NaCl. The reaction

m xtures were 20 incubated at roomtenperature (210

for various lengths of tine ranging from1l mnute to
60ERbmpiess Fol lowing incubation, sanples were placed
intoa uartz cuvette, |rrad|ated wi th an argon ion

| aser haviRL e fEvel Ryt hhe o f4881iencand antiparallel

rmnbﬁl@I@@blstrsstlthoégéﬁﬁn&uﬁEéSf_'o% +108 2 ?un teanc t%\y YOYO-

of fluorescent emi ssion was plotted as a
wavePErigf MPGadser sariPes anal yzed. | ncubatl on of

SSDNA Priaben{ior i dh ikt he Q- y ant isense
strand of SEQ IlD NO B in the 6?521%%@]1@1 5 the data

r eslit E¥dFatecantdirparfdil-el 3PronDIE@gbusccsr$tDl\We§s Dl‘tlheso following
COHDk§ﬁ¢J‘3r@athmeéFbg sSNA -+ A %Qou?o$$£f%§#gf s%ﬁ%y§robe,

of antiparallel honol ogous conpl ex i on ‘was onl
65% ¥ hat TBBf an@nﬁém n¥nalf aovDpar ahl el reaapl eBRGLAr ¥ 40pl .
dsBENA 1. fggggi&qn 4 V\Q 2004/ 06563 PCT/ | B2004/ 000124
(conpare PA*EREC3A) " Pe COUATER did BRI rgmeprature

ant2panal Ifetr hermh@ggggs;,s cSeQﬂueﬁﬁ%S di d pceu,
facil I({',Jl at ed YOYO- 1. Thi %sul t was corrplqgt el cuvette,

unaht? ltﬁu PEhEEFBR elo%m%ﬁ)%\fr ddaal H@(Yr—’mlgogo #svBlength

SSENA: mDNAmcomh X% 1QNRAI SEAY Wlh@r&é@@née%ﬁgg?é The
were. cl earl y di_sti ngui shed from those conpri sing Bp

or 1YLt SfaddneseSTaat f pbyEicveniasi mlenseti es a function

enbf tetrdeniyhe EobPeadn GIH Sa%agﬁgfgz LNA conpl ex
(antisense strand of SEQ + Probe No. 4), the

1 bp GIrR rﬁ@nat@hed:h@\lhyb@ﬁrphea(tjl@l (Mdts@nsmmﬁ:naééi (40pl)

fo P 4), apd the

op ﬁ%ﬁ&g@%ﬂo%ﬁg@w%nﬁt i senggo ?? aﬂgs %E@??ﬁt 2
NCP8° be <Pr @b e 5 Nof 1 vl remared n2 % <4 5% m@NKl%ﬁo@wr,lo mM Tris-
A e e L R A ——

antiparal | el ~" honol ogous conplex

SEQidUDNBS at Rroohe thhpbeatdie (F20c) 3Abr. vAS1b0E lengths of

degree of honol o gy bet ween t he
ranging fom 1 minute to 60 minutes. Following

incubation, samples were placed into a quartz cuvette,
irradiated with an argon ion laser beam having a wavelength
of 488 nm and monitored for fluorescent emission. The
intensity of fluorescent emission was plotted as a function
of wavelength for each sample analyzed.

Incubation of ssDNA Probe No. 4 with the 50-mer wild-
type antisense strand of SEQ ID NO:5 in the presence of
YOYO-1 resulted in antiparallel homologous ssDNA:ssDNA
complex formation (Fig. 334). Although the efficiency of
antiparallel homologous complex formation was only 65% that

of conventional antiparallel complementary dsDNA formation
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probe and target decreased, the |level of fluorescent
en ssion decreased. Control sanples conprising each
wGaw65635SDNA t arget plus 500 nM YOYO 1 exhi bP@ETB2004/000124
| evel s of fluorescence which ranged from88%to 90%
‘ Iovver t han t hat 20 observed with the perfectly matched

£xes (El% The | evel of fluorescence o
'I?? HES15- hr AEDNAAPY obeecamit4opl usn®0®imMing of

YOH&!Lpa\mllSEl]J ghhloylog()?@&§r thaat hagegﬁéﬁ%ﬁeg@é occur,

| el honol ogous

Y ara
coO}r:f%exa’?% A%ﬁl p§% Y Qs furt ﬁé#sexéfmsnéu usgeRg S:S)BNAetely

t an emislcamiathNA F prepes nk;g;_geh in ence

agsg _of 50 nM Nadl . After 15 mﬁh?§ |egcub§‘tofn8ﬁ°g°us

of - 2TNR T Br oBFMNGXE WEPHP ¥+l 18- wikd- ’LWIpIed $§/qaeences were

antls&nﬁe ai s ety 0fsnegQ Al NQ R, d N %ﬁ%née o2 2 bp
antlparallel honol ogous ss

conp?r(@&% %50 werg foreRRpcens |lﬁ<§ecalt‘ede$3yer¢1ft¢ea4wy the 1 bp

dekfceas:&smatchfeldumﬁs@Sﬂﬁfe;,@b@%e’les%n%%m%?f_ﬂd £ 085 1p No:7
Probe No 6 al one

effici eqji’ 8f - antl par&el el }Pﬁ)rrtﬂ-@gomssmwmﬂeei( DNA complex

f otaret i sasmseass G2%dt et afo anb i paral Lelp . and th
2004/ 065631 PCT/ | B2004/ 000124 ' omp Ierrerﬁé ary com%| efnd the

f OY HHYT D161 P oftP i Harssheich Biva CPmLmatdamtl(séasa Botand of

sf&ﬂ@)IDB)qocgnw aslobeantd pag al |6l e ng)l %%ousang a1s lover,
DNA- F conpl exes that contai ned

i J%?Fé‘ieccﬁl("ﬁﬁﬁf r sEigR Gratamdbternsgpy D“-INOpkrfeelto Iaeti.\barallel
6)hom15>gbuepc6m51@a:smme(r@%t 's%%gﬁﬁ 8 Cgﬁg &§ 2 P brobe

. 6), p AT msna i sense
N%and‘l of %E(@ I éA NG f@ 4”@( oo, &, hCalldeLdO@y between the
CsAeUt iavd 2 tBRgatsnatchadant i s Lan
NO 8 + Probe No. g6 produc egﬁ % % l%(% %gb agtg%rescent
1@‘@@&P€a§§cffﬁa??@lor e@@remz;el Sla(mprlegpeotnpveis:yng each 50-mer

c ed at tt byPr L gne after
QIHémjr:‘?l nlﬂagglggcuggtﬁ% on%jO Fi gnDP O'II\'I(I%e g%ﬁ P44t ionels of
of Wﬁ’éesﬁﬁéi;%cf”hhghbéé@@eqinfrhle &R par &okellower than that

h QgaUS I S r nfavorabl e f
V\amon Cri cwklwgogn%%emgﬁ?%%%- ﬁlg%%:%%#nﬁ,%m%suﬁ ﬁglgn 38) .
a ‘dRangdein ofs fi pove seen eaditssdohyi hile ch$+mer of staval Probe

bon sarabehs 1588S nv Yovo-1 was slightly greater than that
produced by YOYO-1 alone. )
Antiparallel homologous ssDNA:ssDNA complex form;tion
was further examined using ssDNA targets and ssDNA-F probes
both in the presence and absence of 50 mM NaCl. After 15
minutes of incubation of ssDNA-F Probe No. § with the 50-mer
wild-type antisense strand of SEQ ID NO:5 in the presence of
50 mM NaCl, antiparallel homologous ssDNA:ssDNA-F complexes
were formed, as indicated by the 34% decrease in
fluorescence observed compared to that emitted by Probe No.

6 alone (Fig. 3B). The efficiency of antiparallel

homologous complex formation was 62% that of antiparallel
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anti paral | el homol ogous conpl ex formation occurred
followng a 30 mnute incubation in the presence of

woemMAGINACI (data not shown). No conpl ex for nBECT/IBRONA®0124

evident after 45 minutes of incubation. Simlar rates

of antiparallel 20 honol ogous conplex formation and
stabiljt re observed in Tris buffer w thout Nad
(dﬁ%’%p%%{(e% ) COBPIREL eBOBH VO IfrloMaBl, a 15 minute

re¢ogubatiom andabhndidg efownt i pagal Il honpl ogdgﬁsiparallel
Ss equences occurred in a conflguration whi
al POEIW\A%{SJOQ FisSA: AP AR T O remeleeen 2Baperdectinged a 1 bp A-G

mahthed: Ss tSSENAC e t containing. a
1 bp, or 2 B%m smtch?%ﬁﬁéiﬁﬁctﬁﬁﬁd% tr'lherﬁégeNo' ), a
paf r8° FrTt HESBREShatantisienienstogodsoduptexIpesal ¢ ed probe

i nNa. eppventi opgl a4t %ﬁ%&n@%ﬁkd’%&x%%ﬁgegg%kfggi %% sEo 1D

de jlizing as a msmatch. 3 .

ex‘g@de dentrfts at'es the efhd cicencynedcyanal | 2l bp Iélismatch
cong erRsar % tsaPNASEW conmd ax tjQn pronote

bylmc,zs WO 2004/ 065631 %/IB%%JO fﬁ’e %’no@gr eRfcduced a
cat1%ons. 2&te hgB?i df2@ti an A8&ct idemrmixturés (E4@bYescence,

casdantiaeney EBRoEOLA oW NGia:2 pIRLes Al Ss
target, Zl-frrg?.es of & -??Bug%eastgel n }tgéeggd%%ﬁlo' 6 alone
pr L 1% %“WH?WQQ}*EEuH§Hi¢nSKFéHd 88) rM Na€l cohbeguration
resct itas MadddRs 15 dcuhat at_room:t erature

(210). for various F\gﬁggfshssnoggtit%n% réﬂ%%%%r%lﬁor% 1301“0109’0115
mi HHIE*CS 607a# nueBBareFgly owimfpVorakdat | ofior Samptesn-Crick

vetd@ndlleaeadal-ft Onarquakhd; nSuveld & Jifadiated with an
ar orl:ﬂi on Igsgr beam hav?%}%&a wew el Shgt h 'Of 488 WRnos  in

a Lﬁﬁﬁﬁpspédeﬂéﬁsﬁpﬁoﬁéét@ﬁﬁigﬂh@Si@nl o) Fg$match. Less

ot Fon ot “neval Snothr o Rek BB R e eRs A ovina

a 3153%1"1‘#6%1%% Aawketeani int hie ppessz?meae?c]ffegﬁfr: vt WNad | (data

SN SSOMY P AU oxepecOnsIaLan of RELI BN gier

Propetes Nef eingwhatddmr-eadi Bymitesultdteg | brfa 4d%parallel

dQﬁﬁ%@%@th complex formation and stability were observed in
Tris buffer without NaCl (data not shown) .

Promoted by YOYO-1 or NaCl, recognition and binding of
antiparallel homologous ssDNA sequences occurred in a
configuration which allowed the discrimination between
perfectly matched ssDNA:ssDNA complexes and those containing
a 1 bp or 2 bp mismatch. The interaction of the base pairs
in the antiparallel homologous duplex resulted in a
conventional Watson-Crick A-T base pair being destabilizing

as a mismatch.

Example 4

This example demonstrates the efficiency of parallel

complementary ssDNA:ssDNA complex formation promoted by
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fluorescent em ssion intensity conpared to that
emtted by Probe No. 6 alone (Fig. 4). This high

webdosoewacy of parallel conplenentary dupl ex POF/ERD4000124

was conpl etely unexpected. By contrast, inconpletely

conpl enentary 20 ssDNA: ssDNA-F conpl exes containing a

1 bp T-G msmatch (sense strand of SEQID NO 7 +

Pr B‘EEOKB%G%S , cgt.}o%. G TThei dwhtrdHitsehse staantlo®f mixtures

ORI TN Bt Bl s o i

cofidegeti v& Pmbhe i sfraﬁchfxxmle%g}r ag%;@écigggbﬁg 6°/§e' 10
. , t an o an (0

Gomt PEO0A oR S0 ShRl 8, B0, 8L P s

a : f
decrease, r ivéel'y, sk§agiFion mixtures

| nwensi tincureitear edtt orbbat exiiditiedoby (PiQbe No. 6 :
al one Fii)/r;g. 4) .  Once fgr_med i'nthe prgsergce{tgf g%rnMvarlous
Nagfr,lg‘élhse Ofer FLRE | yrantioed fparall emicotpl ebenté@r yminutes .

dupbEX@si kel en¥eba/t i stﬁllaﬁfes regubti dd air‘l’Qg/o Z%1quuartz
47% decr ease in fluorescent emssion after 30 m nutes .
and 43 finut e e tefc w4 o angespeic vidser dompariedving a

t owshaterefdnt bed4by Rhobey Mbni@:o@‘leen??r (9ﬁl%%octenschgx\%_]%sion )
p.and, 2 bp m smatched paralle 44

The 1 h .

2003 085638 ° bE/ [982084PObRIRT conps ehamt apy cprqait@tceSas a
il f m nut es

wefen logs 4ast abh e fdgr «30n g%rgﬂfeﬁ:ﬂr%g%zé?d

of incubation in the presence of . ata not
shown) A5FRE Patle dHAUERf ilecuheyiof impari |Btesence of 50 mM

comqoije,rrentsélmm%N%—%S%ﬁé‘x%rsmté&fki"ﬁipgeryoP perfectly
simlar to that of antiparallel conplenentary -
SSTRRSIBRACEY FRURRRGTN (Gensagsthand i gfstSEQS I NOt BS+ Probe

ofNd Ncghat F Sndn Eggdipf,es%%%lgﬁnﬁg 1M Na G, d%te%rggge in
shown). Wile antiparallel conplenmentary conpl exes
comt4 Ferb FBEfTeasi Fptens by 60omprmegt 6 ofhat emitted by

| nerdyad | Q8. i e 5SQ18WeNaGh; ; no sparal lgl; (10, conpl nt ar
conpl ex formation was g\"/ligdent Is)at tﬁ?lést ?hn%&(ggf{%CﬁSf]gy of
sré]f%lpﬁﬁl.leﬂadcoﬁﬁéﬁllﬂ??%%@d D I fexmioi pat | vas betweghetely

a e MWActEqpr obe apd %n@?’gEg,agﬁll&lpglogﬁg%{e%%ggntgg{nglementary

sSsDNA target, or etvveenass_ \ _ a .
pat Y515 sSEBAPF erfsirdioyess DR USLtianaget, Wi tHp siTA! anismatch

ef(ééﬁﬁéﬁsﬂﬂéﬁa|d¥”§&éffﬁeﬁbkatuo$robe No. 6), a 1 bp G-T
mismatch (sense strand of SEQ ID NO:6 + Probe No. 6), a 1 bp
T-T mismatch (sense strand of SEQ ID NO:10 + Probe No. 6),
and a consecutive 2 bp mismatch (sense strand of SEQ ID NO:8
+ Probe No. 6), generated an 18%, 20%, 10% and 16%
decrease, respectively, in fluorescent emission intensity
compared to that exhibited by Probe No. 6 alone (Fig. 4).

Once formed in the presence of 50 mM NaCl, the
perfectly matched parallel complementary duplexes were very
stable, resulting in a 40% and 47% decrease in fluorescent
emission after 30 minutes and 45 minutes of incubation,
respectively, compared to that emitted by Probe No. 6 a%one

(data not shown). The 1 bp and 2 bp mismatched parallel
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bet ween perfectly matched conpl exes and those

containing a 1 bp or 2 bp msmatch. Exanple 5 20
wez@npéssl 1 to 4 denonstrated alternate base PCT/IB2004/000124

recognition and binding notifs occurring between

antiparallel or parallel ssDNA probes, and

conpl enentary or honpl ogous ssDNA targets to generate

ssgﬁwggw bl ERBBLe heerhanmedtle leowventalbhal after 30

anhipated | @hd g senHd Lk, €O @IRALAr Y d%gg‘ %gsence of 50
conpl ec(s}f This exanple w |l show that bases 8re
capabl

(fabdgMicE nthard i nt ditect kate wiakd befficiency of

copptenesat ar dmehesp) 09ausAR at. the sane tine.
Saﬁpl es of tdv\?on@%ngleegg% SSDNA %réggé klo.P%rn\I/\%rlémheg?%d very
at gg‘%ﬁ?%rtaot%%m%sar&ﬁ@aaanémd COOPLTHN Tyl GGINA3ESDNA-F
t eppanad e dwri HHNUL S i et ence.of varjous,
coﬁgent réati ons lcr)lf%oa fr eé&%gsg,s Egélﬁlrt??nﬁgl AUSERRIa R in the
prBbe Stk BY ¥e@} ultited Neas ebowbupl itatle satrpbesallel

f r | v denat ured .and
20%?@%6%39(3 %‘p\}%’{\é@%o%"%&%g%&%ﬂl 005500 24 et 60

alBEMteof afidednriketbasesino génemat e Nnﬂib,gornjlmgap&ﬁlallel
SSEMMb 1 HRRRS - TV AR .hese conj ugat 0 ‘ ,
non- conj ugat ed SSS%A pro Lgiat&ggeqf%sengﬁggeergt Wla%h this time
pofdL s SBREM arget  in the presence of 500 nM

YOVO-1aaid GaeiXi dBEed b Iohighon ESACLIQN, volume of  pp,
40 |. The reaction m xtures Were incubated at"roont
t ehpRF ¥t er @74 231T) arbiraratiledt es»,mppleaeml;iary n$ @%m qurder, or
c 4 ragh | ar.g ' aser eam
vt s 5 v o Cage A Red e S TSt oPBLFBfALary ssDNA
f 1 trEscent'iEhi ssimidarThef fitansi t yoof aflwor esceneentiation
| oft i el ength for each |,
e e Y e, SRR e s sDRR B Dbk =
NP Pnets bPelésmatclni t h t he 50-ner wil d-type sense
strand of SEQID NO5 or wth the 50-nmer nutant sense
strand of SEQID NO 7, in the 15 presence of YOYO 1,
amt335ar &l Pel conpl enentary ssDNA: ssDNA conpl exes were

fOFWEdE&%hgie§Aﬁ-tJT%3Jéﬁ&%@%%gﬁgé éi%é?ﬁgg%ybase recognition
and binding motifs occurring between antiparallel or
parallel ssDNA probes, and complementary or homologous ssDNA
targets to generate ssDNA:ssDNA duplexes, other than the
conventional antiparallel Watson-Crick complementary dsDNA
complexes. This example will show that bases are capable of
recognizing and interacting with both complementary and
homologous bases at the same time.

Samples of two pmoles of ssDNA Probe No. 3 were heated
at 95°C for 10 minutes and allowed to cool to room
temperature for 30 minutes in the presence of wvarious
concentrations of a free base, resulting in ssDNA probes
containing conjugated bases. Duplicate samples of ssDNA

Probe No. 3 were similarly denatured and cooled in the"
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emtted by the 1 bp T-G m smat ched anti paral | el
conpl enentary dupl ex (sense strand of SEQ ID NO 7 +

wee@be6seB. 3) was 45% | ower than that obtai neRICTIB206w000124

perfectly 20 matched anti parall el conpl ementary dupl ex
(sense strand of SEQID NO5 + Probe No. 3). Control

sanpl.es_conprising each 50-mer ssDNA target pl us 500
NPIRSS SRl d revErsepito fdenereseence-odriniyated ssDNA

de $ r omT92%dn133%d 0 AR bserved with
he_per Tt ohed Giol eees (g Rers R G Hebdpoate

the fectl . _

of SF’&S r%lé%%%sceweerrﬁ tthap Byt xese wighmer pg@DNAhlérEobﬁDMQ. target
3 phush600radb QA ¥a6 shi 95ty Weaterst at .
prgdUCed @Ey YOYO- 1 alone. Wien the & ﬁ?gg%é No? @ final
wasSfeated VRl-tRe t heef 5@0newl. wi | Thé ypeaattbsensBitures were
st rand af dSECg IDNO S in the presence of 30 YOYO 1,

the ef11ciency of "pardREia kol Bdotls EQDNA: sébNLes, placed

duphex &onmattoncwastddd § ewedi Jthan ihe, ef ;%Lﬁﬂgyigg laser

ral_l el conpl enentary ssDNA: sSDNA dup .
? gfr’ nF%{El i %ﬁm?gonapngrwé‘vﬁilﬁggg%A %fnd48B) npheandppuoii®ored for

m St cthrednparadl i on46 V\@hgoq_‘}{t%@é@%% of f\ll\hlqoreschence was
P 1At8t2e%04/ 000124 _ hompl ogous dupl ex Torned en the
5

e Ut ANt Ant TSRO st PANdYATeISEQthD MOr7 wash sample
reattlacked.t h the ssDNA Probe No. 3 in the pres¢?ce of
YOYO 1, .produced a flugrescent em ssion intensity
t hat vva‘{vsl?%ﬂl? 6 CoWE" "CRAAUERERY epf RNfedPigPet HE0 5 3 was reacted

perftgct the paoahd:el whoaDl REOUSe D! £ L] 9o 5Bho The xo.5 of
15-.@{ S Probe No. 3 contains six adeni ne .bases..
Cofij uga%ec[))’r\lf'%df“ef BHGPBE §PNSSDRIAFFrDbRE NEEQ IMiNQFr 3 in the

prteesnok foeerdy i, nea o g-anesy! tcoEnBl@ﬁ%/ﬁx‘?ir}% h€:pNa: ssowa
con%mléﬁrrent ary A aor 100% of the honol ogous T within

Probe 6318 pdarBeto (FRE- addeéd Thenifhsorescent intensity

Conmplterent ay A-thebi ndi ngod s ceger getleal ly preferred,
Reacti.on o0 % pnmol es of ssﬁDNA Pr obe No. éxl conj uga?ae%allel
wi‘i"rﬁ“P%eBﬁBF%’éYoF‘uPh% NEFTEF t Atpanpnef eSEQf IPh&i0:7 + Probe

WNdd- typewait usengewskr %‘E@nofthgdean!}_lge? ib@/ ecpeedrfectly
presence of YOYO-| resulted in dramatically enhan
15“%5?‘&§| SN THBAGR bhBhs CORDINRIETINK cippleex fsemmat istmand of

(FEED IBBNO: 5 Twemtdbd ine Q@ﬂce@5n£¥gﬂl§¥Hﬂlgg 8Em££§%ing each

S%Bwﬁe%r%Q%Nxﬁggrget plus 500 nM YOYO-1 exhibited levels of
fluorescence which ranged from 92% to 93% lower than that
observed with the perfectly matched duplexes (Fig. 5A). The
level of fluorescence emitted by the 15-mer ssDNA Probe No.
3 plus 500 nM YOYO-1 was slightly greater than that produced
by YOYO-1 alone.

When the ssDNA Probe No. 3 was reacted with the 50-mer
wild-type antisense strand of SEQ ID NO:5 in the pPresence of
YOYO-1, the efficiency of parallel homologous ssDNA:ssDNA
duplex formation was 14% lower than the efficiency of
antiparallel complementary ssDNA:ssDNA duplex formation

(compare Figs. 5A and 5B). The 1 bp A-G mismatched parallel
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pnol es of thym ne increased parallel honol ogous
conplex formation between the perfectly honol ogous

wGemyesises by 78%  This augnentation of par al PEI/1B2004/000124

honol ogous conpl ex formation 20 can be linked to the
ability of the adenines in Probe No. 3 to interact

siul t neouslg Wi th the conjugated conpl enentary

t Ry AT PR SesduRie et ermed \ifhen t bee h6Avhegoustatenanessense

i nsttdyed SEDNAGL 80RO : 7 MU LA oD Ciyl On. Mith
avai | abl e conpl enent ar basegtﬁgs&%}? Edﬁeﬁ gts\gp%oaéfo?% No. 3

t he™ hbhD| BEBERNSS &f ntR ¥Ry loorifiqsucati en Hdoptedeby &hession

hotmt xgoius, basges apd Lhei rp Haigh : cont r.ast
the effi clt?ency of formation oggrpa?lg%r?elt%%ﬁon% lotgtoedfs Py the
c NP G Yo SRt Al At hhamoll dggua- GipiermtRiy. Ganti sense

strand 1ofe SEQAD- NQshni R5QRL 3) re. 30 increased .
by, 16% when Probe No. 3 was cohlﬁagat:ge\g%ﬁg%ﬁl?h“x adenine

t ARG t RERINees AN E ohj Rzt 0¥ cls®NAD Prabaaso USBdvith 3

(Fhgb1eHB)or ThiBLOMERRQRME a 65%.educt i ogjn
fl'uorescent em ssi onﬁntens??éi)?or?%?{%ftl bp' A-G° ©f the

mi ST tparal | oF 100% WO 2004h06563fous T within Probe No.
PGWMRB%QQ4£QQ@%2%ddQQnPh £M§.CQ%@gﬁénggggg§eg—$ob££lfng is

observed for _the perfectly matc paralle
hdiASGddsad dplrsefamendt he Feacoijrugated PpobkeNoof3 ssDNA
wasrdpee tio CoBj YgahhQdudy thess be i nerease ;
the specificity i_nb d(‘lgléic,crc} n%uﬁta}?i ngfggﬁééeﬁf;%% ?nf“elggl yrth 2
netHES dhcelvidembypgoast tompdexesraand off [§EQ ID NO:5 in
migyat ghesk par al kelyheuwl | exes. ' Remarkabl vy,
per f ec%l mat ched ant i par g%%eﬁitgg% e?rjé% “’Iatrlycr‘;g‘t?Lly efianced
s SR I SHNRCEBRPI @6 fSeDiRt 5 o BNhasorgrilvan Cednby iod80ig. 5B) .
whe nRrabe  No 3 .c00) Ugat 5% w th_1hym was ,
react egolovvvi th tc_he sensggg?tleaonﬁdm%# gé?) ISBBﬁb BTPRet Heth 3
prEsdice of Do (figredA)d TPheadlall tamedusous complex
| eakachbAnLetyallh adentne tp, frohe Mo, 3 with the 3
conj ugat ed con%llerrent a?’fg%?hglnfnlgggonl&gtoﬁlg Sequences by 78%.
compiSerémenyatipn plie pesBhbet ahgedlogugmendeslex formation
f raRtd0n 1@k he, perd egtd y: Jyat antiparallel 15
cor?pl_er?entlar)e/ poﬁpﬁ}gx. elr%a%élb%lhégef 8?1%%%?%% ot %ﬁ‘?é’elNo' 3
b-OT-1nEerP s as ek anscugadyavich Conpleenegtaey canpleentary
Wah MEhY% bases, as well as with the homologous adenines in
the ssDNA target. Moreover, interaction with available
complementary bases was not deleterious to the homologous
binding configuration adopted by the homologous bases and

their neighbors.

By contrast, the efficiency of formation of parallel
homologous complexes containing a 1 bp A-G mismatch
(antisense strand of SEQ ID NO:7 + Probe No. 3) were
increased by 16% when Probe No. 3 was conjugated 25% with
thymine than when non-conjugated Probe No. 3 was used (Fig.
5B). This corresponded to a 65% reduction in fluorescent

emission intensity for the 1 bp A-G mismatched parallel
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inefficient when T-conjugated Probe No. 3 was used,
resulting in an 88% decrease in fluorescent em ssion

WO paoeneiosly conpared to that generated by the preT/ER2004000124
20 matched antiparallel conplenmentary conplex
containing conjugated T (Fig. 5A). It is also

t hat i scrimnation between perfectly
gg@hﬁ%ﬁ%& 1 Ck?ﬁ‘pﬁ'ue§rratc81i‘¥%%lredanﬁ%arté1alteI observed for the
conﬂ%ﬂ%rmﬁﬁ%:ﬁg%eqomﬂn@éﬁgoﬂ@s C@gn%_aLtQI}(yw en the T-
engggﬁgg b yse of conj ugated ss probes“Inth
prese et%‘S §PP9obe-| 3 T“\i%éntuy?—efji-vecﬁé_ﬂceﬂtion of the ssDNA
copfairat ioorefsd obke Napedi ¥ d4ty CY4 0§08 i S Dt ween -
al 59, ¢ reaseq%t he efficiency of both anti par a
colﬁ‘pﬁ Sientary” At haPafd dielhohendlgmess seoNAssBNAnd 1 bp
conpimt chednak ko1& N Hd&%l@%_%ﬁgng&nﬁeé% ;(Sr é’nt ?Zt isgn

[ d the specificity I'n
\let{/veg%elmgg%%\éii’i y natg?\%*éﬁ%ﬁ‘pl exesagated bp antiparallel
rﬁqnmﬂmEHEdtéﬁﬁpb§BR§:siﬁkﬂE%d%%ﬁe§hggg%atf%?v$%s enhanced by

2004/ 065631 PCT/ | B2004/ 000124~ For rTH.t.I on .
SS%;WgeMISBW%X& CEAYLRERAQ2 Tonjiugattégmbasesas reacted

proités tHeat séhee basesnd Noa 80U NEAD irrl.e%g,%”i Z%ﬁéﬁge of
| ntgragt specifically and sinul taneousl y wi th- Bt
corrpl%rren?%r%ﬂ ard)nonol Bepusipudeanproyi dedetrhetbon of an

conjengated haseohs Ao Wats oG i gk, cQ @& Nty to @ pase .
oiﬂi t%e strand whi ch bi nds specilg |caﬁ? SE% eano?‘_ﬁ%‘? ementary
stTARA e Tha™d  eEdYni F9BH e tbindi By tonf tiger addms target

betwementbas&srindtaon SSENA Y 0be, rLQnj ugat.ed bases and
bases.in a ss[r)NA tgrrlget may be Sim ya% c.)cq}ehe Plsgarallel
cSHFPEEFER Fons FEmbed - i nReA BfAt Jpar dolrehtaod parald el bp -
dSONA ssBhAceoTDh exs: 8367 | B8 lecel). Bxamle 6
Exanpl.e 6 denonstrates quadruplex formati-o

béﬁ%éhelﬁ%’c dsPRER t aF oearsi uegsiiedi nPmgbei x¥d. base was  used,

eguant anth hadw! ogpeus propes.labeled with .
?I.ﬁgr es?z? n. Quadr upl ex Sﬁ%% % or rra??onfl SO eThaRced By ssion
t RE PP esEhc S WPArERov AP enthatat iasmeragddedoy o the perfectly

r eacthed. antiparallel complementary complex containing
conjugated T (Fig. 5Aa). It 1is also remarkable that
discrimination between perfectly matched and 1 bp mismatched

" antiparallel complementary ssDNA:ssDNA complexes was greatly
enhanced by use of conjugated ssDNA probes in the Presence
of YOYO-1.

Twenty-five percent conjugation of Probe No. 3 with
cytosine or guanosine also increased the efficiency of both
antiparallel complementary and parallel homologous
5sDNA:ssDNA complex formation in the presence of YOYO-1, as
well as improved the specificity in differentiation between
perfectly matched complexes and 1 bp mismatched complexes

(data not shown).
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Conpl enent ary sense and antisense 15-mer ssDNA 20
segﬂences wer e synt hesi zed, purified by HPLC and

w@anneabwall as above to generate 15-ner dsDNA pPODEBR004/000124

DsDNA probes were diluted in ddH20 at a concentration

.of 1 pnole/l. Probe No. 11 was a 15-ner dsDNA probe

with an_attached fluorescein noiety at each 5'
posi ti ghﬁ?r“ﬁ%&o\ﬂas si gnetPNeo ssP¥Abe compllekeby comprising

" hoooh PgPtsed Obas LN F&be sL 5t o S@%ﬂ?ﬁ%ﬁgg the 50-ner

wi | d-type target, DNA (SEQ ID NO & sequéhc® fgiice can
t he~ G2 St Ehd e TPEEhEPRBL £ 1da (1SE@N Biﬁr@flﬁah?ﬁ@é;ly with
5' &t - eI AncHeh G.&5G 3 g gquence for e
antisens sé-r and ongr’r obe I\Io.omﬁ_ 8%18 (S%f'ﬁ) NeF22)ded  the
wasT 59 ORESCAS ReATTEoCABigk. Eaphehybt | dbzal e on
eaed i 1 AX bl c j A he fo wing: 0.
S e s e D T TS L
| abet EF-d<BRA Do i 18R] IcortG omive Ti pss HER L wpkh BIsWD in 4
2004006563 SICTUIBRAAELA00M3, T 31100, MM KO, The
reactiQn m xtures were incubated at =~ room fler?pe? e
( 2% T%cﬁ’ PIHGURT wEPhobite privage demdtignattbdons Safbesi  in

werre ipladeedei Ntga Gikad 1% 1cuU esoaf @diated with an
ar onl@iaon | aser beam halvlizenlg ggﬁv\%}%eﬁser%t hoERIS*p8g F§ 3T ibed

and itofi't ored for fluorescent enission. The naxi num
fluorescent intensities occurred at a wavel en_gth o_f
5%5 nm. the em ssion wavel ength for fluorescein. Fig.
6 “*SHBWE Phe intensity of fluorescence plotted as a

[ I nal yzed, 10

I the abeence of Ral A6 Bi Ao N IhORWGHA ERENHSLA Pe tuen

t§P§@ﬁstéﬁaetﬁcﬁﬁﬁﬁ%§nimm mése@ewaﬁﬁeaéquegsaﬁtam@ Hdhologous
(53] e hntensjti bserve n

MG type GSONA L arbel (o2 IORBIEI AT mit dhedEuthe o

t PGEECEIEQHF PNETedmdive thei yedsantd ds DN dRFake tNGations

 al one
1kdaeawhencids ONA Rrohe No. 11 was 15 present a _
(data not sﬁ%wn) .C@,&?ger a 1 hour incubation at 21Cin

the preSBALEGTLary00 sMAKCl, adsDNAamdisNASE  15-mer  ssDNA

qgé%ﬁéﬁ&@%%f@gﬁgﬁhgggzg& éﬁ%[:u]ft%%hl()%ghﬁgfé oa%?olfjsannealed as

SS%%SQC%% %gngiate E?[g§£ gsDNA probés? DsDNA probes were
diluted in ddH,0 at a concentration of 1 pmole/ul.

Probe No. 11 was a 15-mer dsDNA probe with an attached
fluorescein moiety at each 5/ position, and was designed to
be completely homologous to a central 15 bp segment of the
50-mer wild-type target DNA (SEQ ID NO:5) .

The sequence for the sense strand of Probe No. 11 (SEQ
ID NO:22) was: 5’-Flu-CTG TCA TCT CTG GTG-3’.

The seqguence for the antisense strand of Probe No. 11
(SEQ ID NO:22) was: 5/-FlLu-CAC CAG AGA TGA CAG-3'.

Each hybridization reaction mixture (40pl) contained
the following: 0.4 pmoles of target dsDNA, 4 pmoles of 5~
fluorescein labeled dsDNA Probe No. 11, 10 mM Tris-HCL, pH
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and dsDNA Probe No. 11 fornmed readily, resulting in a
62% 20 decrease in the intensity of fluorescent

we@pigeeeal conpared to that emtted by dsDNA PpOhEB2BIBL000124

11 alone (Il abeled dsDNA- F) (Fig. 6). In contrast,
i-nconpl etely honol ogous dsDNA: dsDNA- F quadr upl exes

S I VAR e Ng, 11), .containing a 1 base
|(oai€?5 m%é\rrgocqw %%gql'esghgt%%ﬁcetlioﬁ FHESETSS wekgtinowbated at
copdbmi orsmpyiketdiag qnhycjan 8% decr

in . _
flyorescent. intensity conpared to that extibi fed*®jF Prior
ds BRI CBrdie ™o . Samp kg sonee reThelpeed encsoofa mynevat eptvette,

cat - ofsiatsc v ias K spegifi centrat.ions was
sufficient to allow S%ggflug ngié%%xc%a%tl}agﬁngetamé’gﬁelength
dsPRA 4B4r gt s 2aAd DN gsdobsr | dbebedswétth emission. The

f 1 4ot B8Ge1 1 ddrshenabsgp Y1 turation,
Quadr upl ex for At i on occ%?srgédlegs{} 9 Célq%ggl §tof Wavelength of

hond? 0§Bus thso andspo0s/ 06563enPOT/ EB20CA/BREE24inbaseig. 6
ai fdy i t,h I igpificantly, .
pakkowd fiH ih@8nsW{ o?-{ﬁ%ﬁ?éﬁéghg ?ggo %éﬂ]as Eppgtlon of

greater anount of quadru or ma ween
hot®Y Ve hddprrerash resamisle Mprépved, the reaction

OCCUrre.L_q1 @ﬁergggéﬁggpgka%%ge\Méigghdﬁ¥t 1 hour(gpﬁ_dsDNA

) betwe

i ncubation at a 5 ratio o f obe ar get"of fO t

ust P Het nel FrobRANO. The wsDNAetariget,s mandldsB)NAin sjamilar
r b, Adsed N 1 1 hj I | .ogous, cont e

230/?%: contngntl%lalgﬁsdfe(l n(%ts\g%g% apﬁggh%%lo&;ﬁﬁﬁpﬁe%ﬁhg target

hohByr LRi fioné) staret miesntondsBNA DNArsdtr andEQ I1fin>e MBSy were

of i Nl l\e.tq.identif ect 1

ome ey o DRy saan . 33 BEnheY BT FcheaNpa 11 wes

of Prefshitatedhed bdses nalsishgwa) dsDNA probe. Exanple 7

The qu upl ex assays perfornmed in Exanple 6 were
15 fac%d]{tteé:t &d by YHe é%ﬂ???%%fa%&%&alléhttk@at?ﬁ%ence of

i nLehe my eaktlion abmtayeoNAHre speeirfipeitys Of cdh@isting of
assalyf

eWacS_Lf rther examned utilizin i val ent cations .
totacili tyag‘Smaggﬁ?%l%%gueﬁﬂﬂsf BR nBtP6h SATIRtdSBRA ID NO:5)
t aargbtds N BhsdNA-ifo pr Dbesorias Sessd gy, 53%E3+6a8t Rt .2 622
ZodeEca%:Ce%s%y blrnl dcihzeat :{r?tner{sel%%t io(:)En fTu)étrgrsger(lé Oler)nig g:{]cgr? | cr:]oegpared
to that emitted by dsDNA Probe No. 11 alone (labeled dsDNA-
F) (Fig. 6). In contrast, incompletely homologous
dsDNA:dsDNA-F quadruplexes (SEQ ID NO:7 + Probe No. 11),
containing a 1 base pair mismatch were less stable in these
reaction conditions, yielding only an 18% decrease in
fluorescent intensity compared to that exhibited by dsDNA

Probe No. 11 alone.

The presence of monovalent cations, such as X', at
specific concentrations was sufficient to allow guadruplex
formation between dsDNA targets and dsDNA probes labeled
with fluorescein in the absence of prior denaturation.

Quadruplex formation occurred on the basis of homologous
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. ¢
the followng: 0.4 pnoles of target dsDNA, 4 pnoles o
5 - fluorescein | abel ed dsDNA Probe No. 11, 10 nM

waeoog/06i631 pH 7.5, 20mM MhCl2 and 20 nM MyCl2pCTViB2004/000124

reaction mxtures were incubated at roomtenperature

(21Q for 1 hour, without 25 prior denaturation.

Sapples were placed into a quartz cuvette, irradiated

wi th°&nParJoR oA Fas®er Béhm havrier@@uaab_mavehenggiir:gngffigantly
roatand senhdior fo ce m_s$sion ig.

gﬁgv\s he i nt nstiot ;‘&%f T%%ﬂ;{g%lggqnce@oﬁ St a?eﬁwegn fully

f uncty o Yt° vé‘%ﬁb]ieéfng?tﬁfaﬁ’éils -edbirecanpl etanalrpzediolOoccurred

Wh ds ENAL EmPE 808, NO . 1L, 5 (WM a 53% GC content) was
i nﬁﬂbatsed \J/C\nt]ig: t he ﬂ5}%-Wn:%altr]irllv(nvl Ijtd'{kttyple?hd% Ol{)a}@‘éﬁ Vsen at a
| D"ONG 59 oPTePRe Rt hAEIeis DNA Lr get 1¢ SEQLhE N T)ai NdspNa .

5 4/ 000124 esence of
20 pUANCL2 and 20 MUNGCLY, Fuadr ubl Exed Vere. oForey vers

at " PEOR I peririiré naA d SR n G- dremaitemiti, n@gneio ndtict :135153 contain
Whh dngo ifhectd m - r Iexes_ i el de

t r?ajfirlrrrlum dﬂecr easé&?'gﬁf%ﬁgglf\esggggf:g?%t SRsiy, H'#348frand.
dect®add®2¥% thethesintenbinmbies dsibNA: ts Diefrt i £y perfectly

pumabeues monmatna;esol 18 Tagatoh (010 BT

+ Probe No. 11 roduced a
vwﬂf%ﬂﬁ%ﬁpeﬁhga%%ge1§§ﬂ@hatdSBBBemMﬂﬁLmﬂth dsDNA Probe
No. 11 alone (Fig. 7). The presence of dival ent

cations such as Mi+2 and My+2 10 facilitated
qf%ﬁ‘n"\? PeX formation under ron-denat uri ng conditions

LO a:|QWéa@%HE§&§%§$Zg$ig%%g%%%ﬁﬁggf%%%gqgggl t&s 6 were
.ogous ds an . . ’
a%g%lggéaFﬁﬁ!@% §é§he®@@%txmwneﬁnHMQOf?lEﬂHd?it?gfﬁéﬁ& the
sanssts e 1 B e i O
g%ig%gngadFFi%ﬁF&ﬁg dsiivhéenhopavisdrentto cati DNGa s quadruplex

dipwal e kQns | he tion mxtures. The ZQ next
ExD;q%pl emoél:gﬁ%%gft?r a{tﬂggﬂt h%gg%gci TEYY offthe $RABIr§godsobes

q@gaﬁgapég(g B33 &sgpniheh. t he DNA i ntercal ator,

YOYO':I'Eaj:I’QI“ hybridization reaction mixture (40pl) contained
the following: 0.4 pmoles of target dsDNA, 4 pmoles of 5’/-—
fluorescein labeled dsDNA Probe No. 11, 10 mM Tris-HCI, PH
7.5, 20mM MnCl, and 20 mM MgCl,. The reaction mixtures were

incubated at room temperature (21°C) for 1 hour, without
prior denaturation. Samples were placed into a quartz
cuvetté, irradiated with an argon ion laser beam having a
wavelength of 488 nm and monitored for fluorescent emission.
Fig. 7 shows the intensity of fluorescence plotted as a
function of wavelength for each sample analyzed.

When dsDNA-F Probe No. 11 (with a 53% GC content) was
incubated with the 50-mer wild-type dsDNA target (SEQ ID
NO:5) or the mutant dsDNA target (SEQ ID NO:7) in the
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enpl oyed. Conpl enentary sense and antisense 15-ner
ssDNA sequences were synthesized, purified by HPLC

wanw4mereenl ed as 25 above to generate 15-ner PIGDINS2004/000124

probes. DsDNA probes were diluted in ddH20 at a
concentration of 1 pnole/l. Probe No. 12 was a 15-mer
dsDNA probe identical in sequence to Probe No. 11,

buP APt Hut Of héCattladiéd: 5and f ROomHs teich,, Mo Rldreple0s were

r B@m%ﬁ%%e%zgw L SSsR AR Bl PEOR M (55 one.
Zoﬂg}b%5mﬂ9€t/151821®®m10@©1124 Dmne Sequeptextdr #ikfded the

| D NO: 23
ShASENSE SLEANLEL LT PORNECAR (RERLDNC 2L MR, e,
mi XB®r £e3A05ayowmitlal wedNAL heDlﬁ‘erH’ oqwartggupo_e%e@rrebﬁﬁamlng a

ds f Pr obe .
TBjL[gl\%rIﬁJlZJ‘IE(’?)%&:‘r{CCAh p%ol% hﬁe r éac ]io(?r? n%l‘?(t uﬂéé vﬁb‘i’%{uced a
i nEtibRFemt 24Ctfos ity nithatesyapl aved nt@ez SAWAr b2 that
Cuy: s ' . ar 0 ser beam

havﬁ%ﬁlae dvvaw\r/lg‘lﬂe%tS ﬁAV\%E%S ggd #T%Ih‘?tgqj@d f'or

f1 uor eSIIIentpreeﬂ’érBﬁzl fo oﬂih;%llem:er&@lt&}énef shEHOLESERM™ ng Mg

e pl ot t 10 as_a function of wavel ength
fg#‘g%al aﬁlpl e %?1 YEF  Therfaticescepdes nt ewsi-tieesturing

obscsTdﬂsxio\MSenl:MOalLadS\@etac@ﬁra”&E 08¢ s WaSH P LSEJ ﬂ%@é@n fully
onl]lé/rao e sho in Fig. 8 Fig. 8 also shows

fluore o@é’r“f‘ts ARs i 37 to st v‘éﬂD%eﬁr@% JpedttdlEres, and

mcmlaﬂr&ﬁal@&ﬁtﬁd&ﬁ@n@é@%oﬁﬁ:gbﬁlﬁ\g \A%a\.’ﬁ”rt b i Aty RE 119, are
target (SEQ I D NO i ch contai ned

ﬁnbagti? ‘sequences, or with four ot her dsDNA
argets whi ch, but for one msmatched pair of bases,
coﬂpt al ned sequences which were honol ogous to the base
ggs 8 n the dsDNA Probe No. 12. Horol ogous

WI | d-type dabifupesgeainy SEQLD ﬁ@@rmrlngﬁﬂ%éﬁﬂii%% and 7

in the reaction mxture with the dsDNA Pr

priéthiced®Ctndtgredt €3t fihgor eddehion ntasietipher monovalent

Nh&ﬁﬁkmBGQrdQDN%leh@r@@E%oM@eﬂn|Bﬁ@bﬁéggk d{gnﬁ The
Pr ob %Fl n the reaction mxture yiel esser

fﬂ? nCERSPEyr YL dde speuflClty of the homologous
quadruplex DNA assay when the DNA intercalator, YOYO-1, is

employed.

Complementary sense and antisense 15-mer ssDNA
sequences were synthesized, purified by HPLC and annealed as
above to generate 15-mer dsDNA probes. DsDNA probes were
diluted in ddH,O0 at a concentration of 1 pmole/pl.

Probe No. 12 was a 15-mer dsDNA probe identical in
sequence to Probe No. 11, but without the attached 5’
fluorescein moieties.

The sequence for the sense strand of Probe No. 12 (SEQ

ID NO:23) was: 5’-CTG TCA TCT CTG GTG-3’.
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[ EQ I D NG 10)
rangi ng from 20% 1| ess for dsDNA target (S
to 80% 25 |l ess for dsDNA target (SEQ ID NO 11),

weowpaswal t o that achi eved by perfectly mat chedI/iB2004/000124

quadrupl exes (Fig. 8). It was observed that honol ogous
quadr upl exes, stabilized by YOYO 1 intercal ation,
formed fpre readily . between a dsDNA target and a

dsDNA pro e ueeﬁlthgf’rpltgﬁe ayGiepnRsai Aethpbréechigbe No. 12

hot®¥t@gausicsequenses, Shamavhenct hgge MBS %tA iggle
pair of b%ies whi ch were not honol ogous, that  i's'to

say i déftGcdlYPridizapaer okabases nhxthe dsONALL AT 88Ltained
Rt R R R C A L I A R

' i a £ dsDNA
conpl exes described in't oregorn e” exanpfes
ar'e"¥%t dit-ed o By ws TBE rindr 400hambageUso- EXAMRL €, 95t 1on

5 4 ' SQ-ner dsDNA targets were exposed
torh;kttd%'??()%/o %@%}}ﬁ%lﬁbags%tpégx ]?(?jfr gﬁo@lm_‘ceig) placed into a
WHBHEItE Veredrie, O i thadiorale MOt hhy S4cst S; t‘g’gggg beam

ases naf .t rands o he probe and proxinma
gf t hg%star g’%géace)?g%ﬁeo{ at Yet™ \#eh moRé tRuper fgr oblecofscent

orffiggplax i helaoethsinyt Be #iASFe Q' %ﬁ!gsggnt h%sx plotted

The sequences of bases in the up
SH}EE 2#2% & hoolfmwiaé’%gﬁggﬁﬁt Lo 239k spmedei analalzxd .on

to tho%kej lﬁltublﬁeShmitﬁﬁdt@lhggtie;hgbgé’ﬂ}&f;sgieg\g}anltéa]rget or
j or_grqove into mnor groove, ar _

‘ %%rgﬁg uast Jé‘?s?enqcadg"?&ir?%ym@ shewasimeBted 8. Fig. 8

c @Apberentar ythd 5 rCanps Saat aEMt&%ﬁsﬁe%ndofoﬁe%pS%}%%n the

- ;sSDNA . sequences were synt hesi zed; purified
Iﬂ%ﬁ%ﬁ Eﬁgga%lnxeta & §§mgé’6%q/edi RydtrePat 8o151 frewitds DNAd-type

r @sDMA es (3e0e1D did 4)eqi RnddERQ, Ale @ 1omo1
gggbgsié tion f}fx@b p( Igll . The )seqdencegl%or ﬁje senseIeus
strgng o?S'Pr%JfJeW DA% sEgeR YNG4 P traghiBh, GACE for

AGASIGRCHEACHA1 r & e f h ' .
Sorand. ol Probe Koo 13 (S0 15 NG %) vl s thighcrere
T%#aﬁgﬁ‘?%’lsc%" AR oRy SPHUFREET ol ridesc (dOWATiPxobEENo. 12,

(HOmb)ogunt aiinedtybbed§ ot %r‘%}%&bgsﬁ%pf’igﬁoﬁg V\&l %%‘i‘esent

ds 4. l.es of dSDNA 25 Pr

angmﬁ%% S %) QWj?EEE?quﬂQi#bééﬁl@ﬁDNA Probe No. 12 produced
the greatest fluorescent intensity. Mismatched dsDNA
targets when incubated with dsDNA Probe No. 12 in the
reaction mixture yielded lesser fluorescent intensity values
ranging from 20% less for dsDNA target (SEQ ID NO:10) to 80%
less for dsDNa target (SEQ ID NO:11), compared to that
achieved by perfectly matched quadruplexes (Fig. 8).

It was observed that homologous quadruplexes,
stabilized by YOYO-1 intercalation, formed more readily
between a dsDNA target and a dsDNA probe when that probe
contained perfectly homologous sequences, than when there
was a single pair of bases which were not homologous, that

is to say identical, to a pair of bases in the dsDNA target.
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m xtures were incubated at roomtenperature (21C) for
5 mnutes, placed in a quartz cuvette, irradiated

WQOWGoh/065831 ar gon i on | aser beam havi ng a wavel ePQr/iB2064/000124

488 nmand nonitored for fluorescent em ssion. The

~intensity of 30 fluorescent em ssion was plotted as a

fu i f vel ength for each sanple analyzed. 54
mﬁg%ogpﬁgﬁ‘é%@%ﬁ?r?%ﬂ R4 ber gln othe | Geteatosy three
t hexanmlashewrabsefeer&f ﬂHiﬂy'ugeagtHIEQAhooﬂbﬁﬁ bl ghest
fluorescent intensities were achieved when tne )

Wl d-type 50-nmer dsDNA target (SEQ ID NGO 5) was

r excingd.enMot h t he 15-nmer dsDNA Probe No. 13, which 5

was a H%rl\lk%[%t mat ch. on a nested conpl enentary basis to
the ds Sr GBI 520 1D™Re, 9FDNA Therdd isomeseenkposed to a
i Ni¥NsECylbsmet ndbowk | ¥eod DNAW ngli ng, £ aki ng_pl ace

quadr upl ex formation bet \/\é%ﬁ’ tﬁlgegesﬂ\mwatson—

[ rb];ihiks cas ,
t ar get é:r?alpﬁﬁ@eﬂE%’fJeW CoFpEehehverly isBNAOST obe. sdfands of

Mutheent posiaNAe il 0861 i G W8T & AT Symt ith the
dyplex probe by a single pasi r of bases glr?\gﬂrmot%chﬁmr?g target
was  assesdEd %Bn HREVENGEr PBE HePbtwgys bpbisedfimedteedinor

c ayplosee pitfardnsy ,otﬁl@&nﬁDE&m@fE‘?’ ur ahl ysé%&:et% ‘}dé UL}:Fa: s%)élgn the

cocmallexes V\i}th t he ds grobe, t han di
conplenmeRt3P§ T Ry PergdPRrus degfetareThaveatedusn relation

ntsnatieires, imhied), 865 & assayed on &, r_hanol ogous
basi.s in Exanpl e %@\Aere assayed on %%%@teébs’ W hested
cOpPEn8nPaYS HAls Miner grpPevexars @aradlshown éme Rirghther,

9 ancheefbuos@seendy it gashiiesy 2Q.A. d by the

qguadru Iexijs for rreyd uvvith the 1 bp ﬁﬂgﬁg#g%f%' dsDNA

t ar get SOPPUSUSINA Pr §B@SNo. apg, ramgererfscom 8% ther 16%sDNA
| esguthasst igte iteved by, feat F d

quadr upl_exes (asgég D NO. 5 E&&Prl%eé%ga&l{g 8 Wigeated as
di*SErF nitRatIdrehef [LiorescéaBEAwasobbs er vOEDNRS probes were

betweeny pes; f y.ho ous and partially honol ogous
quédr upl exes&ﬁ?bEign%F%&%en%ﬁFElg g ](Lasf§ H&y Ml Iy
conpl eflent aeguwrcel frasehpaisenstssatatehbnest@® No. 13 (SEQ

CORPNEUENf 4lds: 5/-cac AGT AGA GAC CAC-3”.

The sequence for the antisense strand of Probe No. 13
(SEQ ID NO:24) was: 5’-GTG GTC TCT ACT GTC-3’.

Each hybridization reaction mixture (40 pl) contained
the following: 0.4 pmoles of target dsDNA, 4 pmoles of dsDNA
Probe No. 13, 0.5 x TBE and 100 nM of YOYO-1. The reaction
mixtures were incubated at room temperature (21°C) for 5
minutes, placed in a quartz cuvette, irradiated with an
argon ion laser beam having a wavelength of 488 nm and
monitored for fluorescent emission. The intensify of

fluorescent emission was plotted as a function of wavelength

for each sample analyzed.
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dsDNA probes bind less discrinmnately to dsDNA targets
than do mrror honol ogous dsDNA probes, which bind

wowrah/ogiweat er 30 specificity. This exanpl e shPeEIR20@H000124

Wat son- Cri ck quadrupl ex binding between nested

~conpl enentary DNA dupl exes readily occurs in the

presence_of Y YO 55 WD 2004/ 065631
PCT/ | B200#1 00 1221 Lislifies 18hekanit e the debemity atds prior

thaEnatmxarmﬁmy ofthkhe hiig¥ept i 0R1ySr LAHE S%ﬁk@h@ﬁ%?es were
bet en ctly mat ched, Watson-Crick onpl ementary

ds A OPpitELe sV LR [EBNAS SIPNA dedib| dreget (SEQ ID

CON@&ﬁShIths Irdated bprandnd b@-zﬁgz_s@stme%r‘%énh]@ 3, which
cationic_de orlcdensn ng agent, such as th

i nf3F cAl BEOFSCt WWGHL 9% preassind CPGPPEQ@hntarY ba81s to the
hy@lemiZL Zabiger 1 @8EGI @D Nodsyr.e céﬁ&' %1&8%@%%5@ y is

2 pnol es_of target dsDNA
pr o%‘glc%ex PBE 9y S0 HMdf tybvay 1. pIREe 1 edot | @hls case

n1qﬁaﬂﬁﬁpﬂﬁ&ronﬂ@ﬂb@ﬁ@&éﬁﬁeé&oQﬂbt@gﬂﬁiagég t(%é tL% nested
| aced into a quartz cuvette, 7 rradr at
V\Acf%mpn‘]he t&?

éoﬂsP% B%R&- beam havi ng a wavel engt h of

488 nmnmﬂintnmﬁﬂmreéaf@tﬁHHI@&%C%BEee%%ﬁJ Qhe%h%lth the
mée |ty of fluorescence was plotted as a unc

81 HIT 1R¥ 2e&dRISANPRETamdl yoraEs Waen matchmg was

f|mmant st epBbt i @svaRsesVed WReH, o ted
20 vva ﬁregent (YOYO-1 only), or OWhen g\nl ype §Eg I'iFee

AELSEQ | DEFNKFSA or FRASATRLSEQ | Beer 3 wenadruplex

r &&ﬁﬁpﬁ.@x\ﬂst hwianti paeal Li%bNENAEEBQQ NOy o L o(ﬁjljocgar’aq l el fully
PNA Probe No. 2 are. shown in Figs A and

r SSPEHTCRIGTY Ds DL SsPIBe  cstpiéxes t@@;@iststl nghef various
peifectdches pMph e8E N &F §§QHEQPQ§1%ﬁn&§§g&lﬁhﬁgiggous basis

Probe No. 1) all owed nmaxi mum i nteraction

YOvOERaRd et Re" @bt wayed yneﬁdnﬁ@tqmecqmpgmsntary basis in
fluoressenpientensities (Fig. 10A). The fluorescent

[ nten3|t| es for a one base pair m smatched dsDNA:_ SsPNA
conpl e XS SERPYD NER2 Figr ob® Nothel) findrasteotbasetensities

P& Foduced by the quadruplexes formed with the 1 bp mismatched
dsDNA targets plus dsDNA Probe No. 13, ranged from 8% to 16%
less than that achieved by perfectly matched gquadruplexes
(SEQ ID NO:5 + Probe No. 13).

Greater discrimination in fluorescence was observed
between perfectly homologous and partially homologous
quadruplexes in Example 8. This suggests that fully
complementary or 1 base pair mismatched nested complementary
dsDNA probes bind less discriminately to dsDNA targets than
do mirror homologous dsDNA probes, which bind with greater
specificity.

This example shows that Watson-Crick quadruplex binding

between nested complementary DNA duplexes readily occurs in

the presence of YOYO-1.

55



10

15

20

25

30

30 m smat ched dsDNA: ssPNA conpl ex (SEQ I D NO 3 + Probe
No. 1) was 97% and 99% | ower, respectively, than the

w@eroheeioBy mat ched dsDNA: ssPNA conpl ex (Fi g. ROBIB2004/000124

Simlarly, when parallel PNA Probe No. 2 was bound to
the tar ggt dsDNA 56 WO 2004/ 065631 PCT/ | B2004/000124
sequences, the one and two base pair m smatched

dsDNA: ssPNA conpl exes exhi bited fl uorescent
intensities that were 920 andI 97%Iovv|er, t

r ectively, than the perfectly conplenentary
dsDNARSEP ycorrpl exes (SEQ ID NO| + Probe No. 5 2)

h | t ched dsDNA: sSPNA .
ot Eoam oo P TR AL B 1 oo
r%EQ Fﬁrwrﬁa%d%PFEB@n Ncperzfeprt@guawtcfﬂemr eﬁg’@&gn Crick

I m em\?gi&aryt]ﬁ;ﬁg\t@%g 593991<¢p1§ecﬁ ficﬁed FeHNA: SSPRIx sSPNA
I )
r ef%qufégs(égpgah%%n%hbm ZlOb]ECOémﬂld 03 sanpl @& tches when a

C aruriiosii Y d2@oABEN &l etalcﬁ'l USs 500 nlg/l %tYPIEY)?I%rcalator,

exhihited | evels of f uorescence mhlch

bﬁ&@‘ﬁhéﬂ%@ﬁef&% fl uorescence observedhvvllth 3| bp]c

i smat data not ., shown The | evel o

maor eggg%ce eml?tlg & elrFﬁSIEl%’%PWAXBFBBe (#1044 ) 508 riMined
Yobe fsliovbget he? lvmslasdeﬁt itealgetoat bk, em it sy fsbyef SSPNA

I not As t he degree 0
:?E%%J: ebteweeﬁﬁ%%e oy o{;b Y tHe t'a¥get - i ncFeasemaction

t méxteveb okrbntefatkien of ﬁ@?&)% Lhthe .
m_snmat ched iﬁggllexes di m ni shed. Heﬁm% P?] 5 gl tyfor

of “FIudY esk 2nit85P of (&Iel@lrease@@hve’thes 2®rad1ated with an

rgbhonshi préeld whshher ral e
Lgrgln 3 robe was Sgggg T e\%c ara glrl J%I 88&?@‘? and

of*°" fjfﬁlfﬁces e feéNPreeeeDy emilssdonpl ex Mas nonichened of

o¥&tiotéfiPen@Ndwy\@s %QQJB@ ggtvgee@uéc@ nutgﬁDﬁa\qefength for
houré %I nteresti ngIp when - mer targ
n

s&q0 Jxﬁeraé‘al%eiieact ed W|th 15-mer PNA pr obe
sequenmes, fﬂlﬁ@%&eﬂtfi@ié{&%ﬁes' BbELyﬁ&?s‘&em e”@gﬁ' on

PNA
wer e observed between perfectl mat ched co aht

1737 BTHPeRE P Ehiel %erex@s wWhem WPm‘aﬂﬁ*I@' $INA ID NO:1,
probes: were useg: 4 han M’c%%ta%%bp%a'ﬁoe% OR2. RLODES: itn
V\/aGrEt:el];%Jasreadll(eq.atP%AnggfogehoNo 1 or parallel PNA Probe No. 2 are
shown in Figs. 102 and 10B, respectively. DsDNA: ssPNA
complexes consisting of perfectly complementary sequences
(SEQ ID NO:1 + Probe No. 1) allowed maximum interaction
between YOYO-1 and the complexes, yielding the highest
fluorescent intensities (FPig. 10A). The fluorescent
intensities for a one base pair mismatched dsDNA:ssPNA
complex (SEQ ID NO:2 + Probe No. 1) and a two base pair
mismatched dsDNA:ssPNA complex (SEQ ID NO:3 + Probe No. 1)
was 97% and 99% lower, respectively, than the perfectly
matched dsDNA:ssPNA complex (Fig. 10Aa). Similarly, when

parallel PNA Probe No. 2 was bound to the target dsDNA
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30 Therefore, the fluorescent intensity assay
nmeasuring dsDNA: ssPNA conplex formation is able to

wale@uiossyai sh between w | d-type sequences and PEDER2004/000124

containing 1 bp, 2 bp or 3 bp 57 WO 2004/ 065631

PCT/ 1 B2004/ 000124 nutations, w thout prior

denaturation of the %g{g)l ex DNA target. Exanple 11 5
THRERFBEPFi cFRY ofe t 3l dysmpansa @i itngismpptlexd dsDNA ssPNA
f ot beBs ParBheda Y f\_(QXQé;cg\@tc' &gEégﬂtﬂ&ve}?ﬁé‘ga Te 92%
by reacting wild-type and nutant targe

nM¢€d baddé séfuehce V\ms’rp%nmvsém | ethamd p‘ahl@I | gderfectly
%%l@fn@ﬁ)@&c} rHst[ﬁ% s@l@ﬁﬁng e dd o(rSE6eEBt H{)ai'wpnProbe No.
ds targets h hybridi zation reaction m xtu

( 01 ) (Ebht allr%éi thé'“hfr@m ok $1): P21pnotismadichedr gcmDNA sSPNA
sclahlgl 2ePMDLLS: Of reheyo0 T N

of C e. The realélt%isc[)ar?ASr%%xgﬁr eg a/e?%éfdl%& afked or SEQ
r dém ¥@ifpepad uPEcP210p - fo?r Brodicae e§luptemeht niro:als:lties
qQuUaltZz Gdygettggeir [ i 4 .an

bear?] havi ng a vvaveéﬁ t Vﬂf%% Am égas&rg}gﬁédfred the
f IPFFEEest ent H‘éﬁpbgﬁior@lsDNHeSmftUenSDmyl@ies f |(d@t@8@ehceshown) .
Wag,nRkat t 888 2 @&t of ! {00 .8ac

sanpl e anal mge%l ; ltsﬁglgar?to:l\%éga??]%& ﬁ\%&tﬁr qus Ng 00 M
3 YOO f @X@%WG@ 2@ vednt erft ) f s aseroted whiitdh tWEe:e at or

5 t D 5 d

Tt ASONA Loy et s f SEry TEE R B and O PB NG R, 3 b

dSDRmas SN conmpllexes wédatd ormed @thowmbm temneer dtetired  of

Udgl-B00e e it 10, 87U LS. S0 1) 1 IR i goro-

f Muorexsddwstr iwasenbdderntwissali noonphet ebyi tioapl by{emoaoyl alone
b ah P

Co(@altgx%%twst%v% 1 bp gn %H%t eggé'c'ngthhNggéécF rbo vgen the

and a consecutlve bp“m sSma
Pm@@el\bndsy‘he pt@mﬂrtedlrfdm@rseslcenhel hteasi¢f esnttdhatction of
WeI§163% espectively,. t han .t hat
obggpvgd%%gghgt{mi%}r{%&eld 0%8'% et ched I%leralusélr?él:s fge the
11iAtenFhey| ewd] ofleHoesld:enoanlahlmnm st sass etdhe This

dei%rl%%l%sﬁ'l;?’?etl‘é“ J%%EY%E%”J heo’(pra%bean%qgarallel or parallel

PNA probe was used. The characteristic level of

3

o

fluorescence emitted by each complex was monitored over time
and was stable between 5 minutes and 24 hours.

Interestingly, when 15-mer target dsDNA sequences were
reacted with 15-mer PNA probe sequences, larger differences
in fluorescent emission were observed between perfectly
matched complexes and 1 or 2 bp mismatched complexes when
parallel PNA probes were used, than when antiparallel PNA
probes were used (data not shown).

Therefore, the fluorescent intensity assay measuring
dsDNA:ssPNA complex formation is able to distinguish between

wild-type sequences and those containing 1 bp, 2 bp or 3 bp
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target increased. The characteristic fluorescent
intensity exhibited by each conpl ex was nonitored

wo@@a/06368e and was 58 WO 2004/ 065631 PCT/ | B20RaT/ (20042600124

stable between 5 minutes and 24 hours. Control sanples
conprising 50-ner dsDNA targets plus 500 nM YOYO 1
exhibited I|evels of fluorescence which were bel ow the

| SPHAGONSH | Ubkddncer bys edeed twkd hich bpfrr} ’&[?t ahpdex DNA
DNA ¢l exes 5 (data not shown) . The level o
fluorescence generated by the ssDNA probe plus 500 nM
YOYO-| was identical to that achieved by YOYO 1 al one

( dBiamiet 1ghown) . Very simlar results were obtained
when 15-ner antiparallel ssDNA probes were reacted

wi t h wilPg- t iRecdfimitant o50- rve dsDiA arrﬁﬁsslrmg triplex
haay % 39 it.ents under . the sane |,
rgﬁg??gﬁgﬁegﬁﬁﬁgﬁgésfggg%%ﬁgtfarfﬁg uﬁghﬁﬁlﬁﬁﬁﬁfngaB?d by
t FEAGSORA: s9BNAtYRPOnphex mhornat denNASsaygets | bEi R xed base

' l el +gs : s .Lndependent of the rcent
e or T PRI el REERE Rty el T ene
( dRcgnfet oshowm: EBasSimataeh yof idsmhketafgsﬁﬂse oL
YOYO- | DNA:, ssDi conpl exes,. were forne en the _
paralIgﬁggsSﬁiaaggﬁétkﬁgpﬁeaﬁé§o?egEFEHrﬁAﬂﬁoﬁﬁé contained
SGheerfollbaitype 2sfaNAdsargett a¢gEQ hBPhnANO P)p@dids of sspna

LapL dspA Largers (SEQID N0 and SEQTD No8). °°F
?ﬁé EFUoreSceﬁt'ﬂ%%eﬁ tied f8M £ BPYATSmat ched 2®action
DivAxe arpk e%e-eEQ d RpNO-8 -létpr%[gﬁ“ Wemﬁ%r?%%rgg I(%)loﬁa) gfor 5

consecutive 2 bp m smatched conpt ex .

+Tprgbes NoPlayedeiato 48 auad t85%uvente, respatited®| yith an
t hagohhatopbt i nedy byt he;REr fec t ched se nces
(Fig? 11é3. As the déﬁregvégs ﬁ%sh%?% o q?%e%% %ﬁ nm - and
pfoBetanadt afget fluoreasent tdmidsswel 25 Ohe intensity of
f lrughessestc&M,ssi QR Hecy ease tly less
di'scrimnation bet&ggngp%rgéc%fy§#gggﬁg% %ﬁdwavelength for
N8Rt el PNRalysrpl exes was observed when a paral | el

SSDNA Wﬁ&betﬂ@sarﬁ%%ra&r_ﬂéf g\?ﬁ@wg\gar ll(gr:jrjp; 252'@3% ce

probe was used to generate c
30°ROYTE L Fagi Feaciesd WBNA ¢bapbexménr whtd-orydeetds®sn aRrget

gQFEQaE§|h§l5§%QNﬁnR&%B% AudndsPNA LA 985S @06 ang sEo
en a
%DMBNO:S), dsDNA:ssDNA complexes were formed at room

temperature under non-denaturing conditions (Fig. 11Aa).
While perfectly matched DNA complexes emitted the highest
fluorescent intensities, incompletely complementary
complexes with a 1 bp mismatch (SEQ ID NO:6 + Probe No. 3)
and a consecutive 2 bp mismatch (SEQ ID NO:8 + Probe No. 3)
produced fluorescent intensities that were 63% and 95%
lower, respectively, than that observed with the perfectly
matched sequences (Fig. 11a). The level of fluorescence
diminished as the degree of mismatch between the probe and
target increased. The characteristic fluorescent intensity

exhibited by each complex was monitored over time and was
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parall el ssDNA probe and dsDNA targets, to allow
differentiati on between perfectly nmatched conpl exes

W@r@4/06830M0 2004/ 065631 PCT/ | B2004/ 000124  t hOBET/IB2004/000124

containing 1 bp or 2 bp m snatches, wthout the

requi rement for prior denaturation of dsDNA targets.
acrr%l ]b X 5 The conpl exes forned in Exanples 10 and
rhere SR zed™BhuEde BRA i3k ehewd st or ,Corovoll samples

prces@misllﬂgt $®-md 10 REHDNAN A YL 4 e}§lusﬂ5% 0S BﬁCgBQB' 1y qulblted
say ¥vas further examned. utilizing dival

cae’vgﬁig t 8% prohiR e sss@cst ashiche W%pr@)bfvorhm| o]rEvel of

wﬂlhodsﬁ)b@n&@r geksrand SIPNA-F prohes .l C
yhridi zagcl on reaction mxture 1l(9%0 g‘%ntg%fgﬁeg)mt Heomplexes

foldf%ﬁn RGT GRYBiol esThst kafisdetofds I qemokegenfrbted by

fltumar eﬁmmn Iaﬁ;%l SS b ri;.
h ol 89,50 DRy 0, LT Lol Elea e e

r 5‘5@%?8?\‘1 ﬁyxt%?%%‘%\eﬁéoil?lcd@atéd Tett r@lmcmwm)enp@eay ursemilar

(26p1torwdbe Vet Hitsed RGNS 5Qfel] fro
mnute to 2 hours, wthout pri or ena urajtrh?eon 0 probes

d¥BRR F5PGESS. WEBR| B AGEY R crbati tomt Sehnplees dseNe targets

Pfha@eégl BBO acquakt Z /UVRt te drtadiated with _an
goabl on | aser beam havi ng 2 wavel glrrl@tgﬁ twfs 488 nheaction

ht tF e AR Strasies cerr r@rhl@@pémtywé 190 MbeGNAL B DNA

flcumpgézeefts @RS iakikg engt
525 nm the em ssion mgvgfg%%l%%f %trnt? P %%‘;f{g%%g%nsrb@hé’mbes

i ﬁf‘gﬁg‘?]?%rb? ¢ ubheseenteri SSi oAntest pbot thd asDHA probes

f unat domva afarwave! epgth for s%%% sanpl e anal yzed. Wen
t he antlparallel SSDNA- F Probe No 5 was incubated 25

for 1 Pourlatilth t e SobererpysidedceypefdsDNIOtBr geisD@SE@sDNA

| BomPQR)s |ﬁe£@ef@£rﬁ‘é@nx9@er9ftﬂe5 g@%@ﬁﬁ%ﬁ%me No.

WMhnd 2r perfectly conpl enentary
cBApl é?%%t%r‘él?fbrm 5Qarar erflfhdcrce'nm @sDYjanenageng (8EQ ID

714%51730%%35%11@1&‘9 u@élﬁ@eEQE%e%ﬁgnpgﬁﬁzs ]%ga% and SEQ ID

achi eved by Probe No. 5 alon
cBRt fhst , ThsDNAUSSPRIASTE c@hﬁres@éSLGtSha&orcomt ai bngrasihatched

b
DNATbé%ﬂﬂéﬁnﬁgﬁb @BEROL B NO- £ e Q. s%%&g angnfgcu ve 2

| ess stable in the presence o
Nﬁglglsmatched DNA complex (SEQ ID NO:8 + Probe No. 4) were

48% and 65% lower, respectively, than that obtained by the
perfectly matched sequences (Fig. 11B). As the degree of
mismatch between the probe and target increased, the level
of fluorescent emission decreased. Slightly less
discrimination between perfectly matched and mismatched DNA
complexes was observed when a parallel ssDNA probe was used
than when an antiparallel ssDNA probe was used to generate
the dsDNA:ssDNA complexes.

YOYO-1 facilitated DNA complex formation between an
antiparallel ssDNA probe and dsDNA targets, and between a
parallel ssDNA  probe and dsDNA  targets, to allow

differentiation Dbetween perfectly matched complexes and
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yielding a 15% decrease in fluorescence conpared to
that 60 WO 2004/ 065631 PCT/|1B2004/ 000124 enitted by

woe@m6Ie1 5 al one after a 1 hour incubation (PFCTIB2004/000124

12A) When Probe No. 5 (containing a 53% GC cont ent)
reacted wwth the dsDNA target SEQ ID NO 9

%t aini %g 33% GC cont ent% a 3%increase in

PEs cENER WD oblerRRed O compar elismatahms obvatedt the
b)d:e'ﬁlh(iﬁemébt Boalgne r( Befatd2Nion 'o‘%d'dgﬁﬁhvf?aﬂfeﬂ%o DINA
compl ex formation. This result was expected

considering this probe and target conbinati on woul d

r exakb1enia 5 bp msmatch. In the presence of 10 WM

MyCl2 and 10 mM MhC12, the 10 dsDNA: ssDNA-F conpl exes
possesdffig GOBRYBHEE cOREBRE abel FowRdeAi ng0perfdctlly were

CaRlbeneatar yysegdensas J(n%’f:chla@a%QrS YOYBLinEngQen‘? in the

.or a1l bp T-Gmsmatch (SEQ ID NO 7"+ Probe

géﬁé‘F&ﬂ@B LK TcenThenfBAs £1 @kt st 19t ther 5689 earl further

2Q%emi0ver ut{ esNee IMekYentf L8 HY L NQUELLPE u% 'sotréblllze
and 76% and 15 16% | ower, respectively, after a

MiRTPe e Fn & OFRR F i %lﬁﬁndsP%ttfeWﬁetttseénﬁysww mobes
| Th
al one Egéﬁa(ﬁér&&llatjgg\{]_%on %ea? % |On U.re OB/?E C(%Oé{,]ltalned

5 mM MhC12 oWer —concentrati onsy wAS ins
t ¢hal Ifowleowipd ex @oﬁkrmtdlem dietraegatt heDwmt | pagmadleadl of 57 -

S%@%rgsge%pel%}gulre% agg Prgg% agrﬂﬁdgtq‘gsgghlg%em}?q 5, and

foll own ncu at
Dlel\mMsstDI\lA2@ontp4 eresh werfe M@sz f endredinshen thEEhe reaction
par.al | el ssDNA Pr.obe No. 6 was reacted with the 50 mer

wﬁ‘]l UG Pe YRINA PEPHRECY SES | BORE: STemRRFaRCAnt (45TNA for

t AlagebubSEQnGens DolOtThe kAnthhs case PNAIGEEP! €X 2 nours,
forr'égl ion was pronoted w th nuch | ower concentrations

of TVGEFE difd WhCEPRTURTiPns ORMOSRER) FaflAtsi-ng Following

Sri@lﬁ:h@étllﬁﬁ}lbaidrr@ﬂeﬁerdv@ﬁé Redhat {19 1N HRSrtz  cuvette,
presence of 1, nM MCl2 and mv Mhd 2r or 2 mM Mgdl 2

and T2RRFRACIEER 3T 1B A 3o8s LRESTsBERT chamng (¢ wavelength

ges¥er age DNMA 3Raconphexesd daba netushawdh: TBRission. The
fluorescent intensities for a perfectly nmatched DNA

SWﬁllE‘%m( & BTSN S RYSNSHELRS. oBFur o 1 gpvelength of
msemat ghed ONA caRBLe3n ( SEQR1BNNO 7 fofr hgoMascein. The

intensity of fluorescent emission was plotted as a function
of wavelength for each sample analyzed.

When the antiparaliel ssDNA-F Probe No. 5 was incubated
for 1 hour with the 50-mer wild-type dsDNA target (SEQ ID
NO:5) in the presence of 15 mM MgCl, and 15 mM MnCl,,
perfectly complementary dsDNA:ssDNA-F complexes were formed
very efficiently, generating a 74% decrease in fluorescence
compared teo that achieved by Probe No. 5 alone (Fig. 123).
By contrast, dsDNA:ssDNA-F complexes that contained a 1 bp
T-G mismatch (SEQ ID NO:7 + Probe No. 5) were much less
stable 1in the presence of 15 mM MgCl, and 15 mM MnCl,,

yielding a 15% decrease in flucrescence compared to that
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6) were 29% and 6% | ower, respectively, than that
obtai ned 61 WD 2004/ 065631 PCT/|1B2004/ 000124 by

w@aralobsBl SSDNA Probe No. 6 al one in the presePCEIBM043000124

nM MyCl2 and 3 nM MhCl2 after a 45 m nute incubation

(Fi g 12B). Al though DNA conpl exes fornmed readily at
hg?ClZ 5 and 10 mM MhCl2 after_a 1 hour . _

i ﬁ]EJuB)%ﬁ o, EreLGi ¥eri fi Mo TthEt Reénhpef fatqyption (Fig.

matehed aﬁénmP&GBECNSd @ombaxsﬁnm aobservedcwheand) was
paral | el ssDNA probe was used. _Concentrations above

56%%&%%@%‘%@198%%9 TRAT®i % okGPIEGA DDA @ 33%

caopl@atkaemat ion3w tihadcpacalile! fssONAscHEPr PHe observed
(data not shovvn The addition of salt bridging

c 6ABRME g %g@?ﬂ*s Shiehineds byl FACERt Neat |5or?§-°ﬁfaorff§t1@d 12R)
DA onplax ber B I heiael MOA=EeRat Ur eph dsDNALIE was

targets and fluorescently-1labeled antiparallel or
p&rRFFEFd s‘“sﬂﬂ\?ﬂc%rréﬁésth%% RS eRCc tpaget apRriipation would

rebkabt eidi=s oy ivP RAtkahchet ween perfectly
conpl ementary sequences and those cont ai ni ng
r‘gltcﬂt?e the

nut at i Bhs tRTh@repereei Ghs 10c bt rideCia 3sbni ¢ eﬁ%e

Wk biA: 46080 1 BUhESex oS Tegg@%iﬁm at 83¢aldco Ofntent and
probe to target of 10 to The DNA targets and

S SPNAR B ke sP RS P Gty &@ﬁ@éﬁ%e%mpm%n@@szdsm ID NO:5 +

herBpy s e St at ghes-@f n INA L dRegRELE b hgo Pr esance No.
of 5 pyri md| ne bases interspersed wthin the 15

nge¢l gshpgated DRALCHR Y, IN&rRSdiprexEsaforRed PBadRRy 20%

| 0 oRe S CAHELGE SIRRAI | Sft@?né}?rl rourEXaeRbet Iéh,Theid 76% and
utility of "probes of varyi ng directionality was also
er

evafudpEer whersPrfovElent 2E&ET ods 3heRenehpl Byapagon, than

Preaet @ dRdegt @Rl 1328 Cqpl ex {05 Bt ( QM L5 dSENY) . The
targets. Each hybridization reaction m xture (40l )

condarhed 90 tRe | MeGHg: erd prol &¥! ofinGeget(or lower

d%@%enérg@ér?sg q;aé J.nsfdfoE@@ﬁ@' Bol QP?J)#d &M formation
probe, 10 m\/ITrls-HC1 pH 7.5, and nMto 150 nmM

N&EEtweFhe theaent dhami kkadr e W& |Pﬁ@@6a1N@d. Satenfogrh! dsDNA
t%EE%EQEUféEAEQHC)fB@IoW%HQ oys | enghhs Oicddd®on (data not

shown}) .

DsDNA:ssDNA complexes were also formed when the
parallel ssDNA Probe No. 6 was reacted with the 50-mer wild-
type dsDNA target (SEQ ID NO:5) and mutant dsDNA target (SEQ
ID NO:7). In this case DNA complex formation was promoted
with much lower concentrations of MgCl, and MnCl, (i.e. 1-5
mM each) requiring shorter incubation periods. Incubation
in the presence of 1 mM MgCl, and 1 mM MnCly, or 2 mM MgCl,
and 2 mM MnCl, for 15 minutes was sufficient to generate DNA
complexes (data not shown). The fluorescent intensities for
a perfectly matched DNA complex (SEQ ID NO:5 + Probe No. 6)
and a 1 bp mismatched DNA complex (SEQ ID NO:7 + Probe No.

6) were 29% and 6% lower, respectively, than that obtained
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62 WD 2004/ 065631 PCT/|1B2004/ 000124 ranging from1
mnute to 2 hours, without prior denaturation of

waol2Mb6I6ar get s. Fol | owi ng i ncubati on, sanpl es MeT/E2004/000124

placed into a quartz cuvette, irradiated with an

argon ion |laser beam having a wavel ength of 488, nm

and nmonitored for 5. fluorescent em ssion. The maxi mum

f Puopestleimtl ispP¥AsProles Nocdurledealn atlivavelesrgck of 3 mM
51%?@2”! ahd1€ s sife nayel ength , f Orﬁiﬁdéfﬁor ?ﬁ&%&é‘tioﬂhe (Fig.
intensity of fluorescent emssion was plotted as a

f UABt i on of wavel ength for each sanple analyzed. 10

In the ﬂt}g e . r r
Nadl , o S%gll n%f%g?O% el%xt ee%g%%ﬁ ?JaeraéjgtlgM(a%EﬁDw MCl
Nend B¢ mSEQALD NEXr®y and hdve antipatédielnssBNArEmination
Pro - et after all I tio
pér?‘g%%p($§r\§%%g% gshrgi%] ; dAf t"jtcrelr%l a%%grﬁ%ﬁ‘%yelboﬁcuoa ﬂ'gﬁelsn was
t hespresencerheh 50anMpdfs:INa@l , dsDNA: s was  used.

conpLEXES. I SL4 of, perf.e c I ng ary.

sequences L%%E% I %)]bﬁ% 1 1?P%gbg&*%l.2 7§@oﬁgdmr e%%%]lzy, were
r esiplritery nfear 49% degrdase fioxmgkdonewtent aepessidal ssDNA
I pLepsi 0 r to, that emtted by the control

Pgo@g Nécyat%%\%h?gﬁw@as simlarly incubated in the

react i Bre modirieom2 @ Fa.t 13A)dgiBy, canhdassing agents such

i ngo e d : -F .co exes
A e R e
Noon7dendwimeld ad4d¥8 detregsesi n aduor Ebeerdsceartilysileheled
i ' cgnpared_to- that hibited b #ﬁ[ Pr abe

PP SR B LN RReb R 7o i chog Shrana <o
1281 b NaCl discdilvgnatéant | batweert ureemfesa iyes ulan@d emantary
fLuor escent ] Sskon_ quenchi ng consistent w.th
SPHRrERGEn Aot ts TR O nition BiEVegRS e The
peedectdrys natwihreddSEQ kDoNOtémpargeire anidhamt ilpacal hehutes

Prabe. NosodioRd o1 90LLL ANl ess 30, quenching hon  npe

m smat ¢ arge a robeé
NdsDNAwest sy qirse s@dt ssPXBducoleg il hat Ebwicaigs demopurine or
\BEFOB e, Ak e Yenil B ARRONSE QLeBRull o 5

pyrimidine bases interspersed within the 15 nucleotide ssDNA
probes, DNA complexes formed readily in a sequence specific

manner.

Example 13
The utility of probes of varying directionality was
also evaluated when monovalent cations were employed to

promote and stabilize complex formation with dsDNA targets.

FEach hybridization reaction mixture (40pl) contained
the following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HC1l, pH 7.5, and
10 mM to 150 mM NaCl. The reaction mixtures were incubated

at room temperature (21°C) for various lengths of time
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conpl exes were al so forned when the parallel ssDNA
woee@beoIel 6 was reacted with the 50-nmer w | d- PCY/E2004/000124

dsDNA target (SEQ ID NO 5) and mutant dsDNA target

"(SEQ IDNO7) in the presence of 50 M 75 mM 100 niV

or_150 nM5 NaCl. Optimumresults were obtained in the

priESlied SFOT0d mimRhade 2ahesEsa THtmiiute iiomc UbAs t@Fat ion

atoff eONRERREALYT € i a xture containin
1000 m\/l I\IaCImél t@he fli%r eogqé‘gl%t Eé%%%%%n,l eSSt BT g?laced

a PO ¢t Ay Hed cRee DN compliex eSEQthD aNO.&S gbrPriohe laser

N andiagl bp d cml ex, (
I\IOe7a®+ Pro:i;eg Eb &Q%eq?gggg%%ﬁd% P L et mogllcored for

ré@?&%ﬁ?ﬁ&@Py THEF 1Ohat Wist ahareidnisy £ heo contarad intensities

d o under the same
o o B oo S B O el SR e

disE ifhvraessain bet We% nllp*éﬁrlfsetdm )ofnﬁil@bedsaaldt emlSSlon was

mRt-ehed sgonyl exgs n [ a ri od of
mfﬁut es (data not Eh((:;\c/\%rfj1 o “’elﬁ%?a ng aCh Sample

YAPHg either antipar aI I el or par aI | el ssDNA

pr obes rgeenrd o4QHAL M Wi i effr cr es at
simlar NaC gongent&ratlgggjsia% %ﬁ%ﬁ g rfggsr 25> mM

20'a0de &P RERGVADehetyath orise AWHNI maﬁgertmomEDNAp NO:1 or
C@E@erﬁj Q\Q)'@genétrﬁi ék?&l%r{%%g gl% CO%‘B%G% fPor et{\Ign 7 was

bet ween non-denat ur ed targ &t s
f I9g6rE5e8Nt #ftemirdlled neahet par aid:ejodrsr (patalhed SSRNA.

probesart o alyl ow thkagh f.eren entl t| on_bet ween
conpl exes_cont ai ni ng per %IL'I D5 opfeddifttanye ©f 50 mi

séGréncesishia : cREBA-& ont:eanpﬁmgpsl bcponslni]?ﬂ?bgheﬁ Yperfectly
111
PRI Enddy PRPNE ARG COMREAES NS 1 WALE RE YO rmea

readi | 30 form erature Wlt
oFePﬁéibat ¥%ﬁﬂa1hldlg gener 40% déunreescdmnt fFROb8SE NS &mission

thﬁtéﬁQ§t§e¥§$p§¥ed'ﬂg(%ﬁalt%mﬁg£egoﬁ§f%?%1”g§ﬁﬁéi Probe No.

ont al nl ng base pal r m smat es
f [Twor8sicdnt was granslavhichipensitstd iB4the reaction mixture

(Fig. 13Aa). By contrast, incompletely complementary
dsDNA:ssDNA-F complexes containing a 1 bp G-T mismatch (SEQ
ID NO:2 + Probe No. 7) yielded a 11% decrease in fluorescent
emission intensity compared to that exhibited by the Probe
No. 7 control sample.

The presence of 75 mM, 100 mM and 125 mM NaCl in the
reaction mixture also resulted in fluorescent emission
quenching consistent with significant amounts of complex
formation between the perfectly matched SEQ ID NO:1 target
and antiparallel Probe No. 7, and significantly less
quenching when the 1 bp G-T mismatched SEQ ID NO:2 target
and Probe No. 7 were present, producing similar fluorescent
intensities to that observed in the presence of 50 mM NaCl

(data not shown).
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| evel of conplex formation over tine. To exam ne the
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di sassoci ati on of dsDNA: ssDNA conpl exes fornmed in the
presence of condensi ng agents such as cations, tine

course 5 experinents were perfornmed. Each

hybri diZZPoRsPRACt FeHPRE3E T eW%JZﬁ)l)aJCf(mt af oraed t hﬁhen the
fobdeuing: sBodnpeptss . nonzdenatired s fgecﬁqed§'8'\'/* rwild-

prnol es of 5'-fluorescein abe ed ssDNA p
Trt¥Re [ aPNApFRyIst (3EQMMECL2) aﬁddlrmiwtl\/ld@]?BIA Theget (SEQ

r egs i@y 1Qdﬂt>ﬂeurp%%s‘@%@ Lacyhaggd a8 f,00m (o, W or 150 mM

tenperature (21C) for various periods ranglng
i Yaftle t P IFGEr SeSEOES ok ¥Ry ob trecuwieslt |lonthsappé36nmref 100

placeghdnt 0 Aequard z; CUyet 1, 1dcrurb%%g}le%to ce W.th an

argon ion |aser beam having a wavel engt 02]§8terﬁ?erature
antP nohi t 5PeECier frimtestentorrmisgingn. 105 Funt he¥aCl, the

flm&%%ht”@ﬁzs.yéf&?rﬁr&e\?@ 1E?E§$agater§et}% %3T§t matched DNA

anpl es after subsequent nulti Irra I'on,
atcct“ﬁélexi ndif&atiéd NG:fest (Hape ]M@ 6lhearicdnteensi by ofsmatched

f I pi@r eé&‘r?ﬁ%@; Wesr PERt ked,as aPJo%%CtI\& on ﬁ{ ¢ %I erc 59 and 9%

each sanpl e anal yzed. The fl'uorescence e
c oFted séﬁﬁp%@tﬂe‘tﬁﬁpm sithgn 2thak pobkesned Rryobehuo cntrol

38,04 00220 16 11 ML B30 40U Blscson

target dsDNA, dramatic

jusiiss nidBtes of0 | m&ﬁuﬂéatqlonpédm‘@edwomashmm) dlanﬂlmlnatlon
th?en:u%te%a éyfe%ecq h tenih

t he next dI!f)ew ou %4%& Iflals &t e(re(gt comp£ eesr in an
tolra%leG&PiﬂonperQQd Q,FEﬁ‘ICI"QfJ Tﬁhnstemhlbiat’uaonnot shown). In

e%%cienc IﬁL%%%I at eéjoﬁ@al?lﬁnl ng{; ac%%d I %nuc%atalrgqlel or

perl ods of ss pr obes w
ocRnalde 1r oS I y Prokdwe pﬁe@&m:te bfb dlfwafnentw:Lth similar

cal#ONS.enRULNQL | P n noval ent catio
(data not sh m%n q‘ﬁnﬁﬁgro@gé?v%t%flg’n PR | d%%t “the Sation
|rﬁﬁﬁﬂt0a1ﬁce 30 of |ncubat| ng the control sanple in an

experi t e t d|t|onstht t he
t est sa%%ngl eg)l%g "maor?%%%é?l mg%ffare’ reg%:]t ad. W t .akr}Own

I &S@H@n@flnéaéhels’si)l\w&a‘ellaamtedl DN ngdrep 1afxt ébrmatyolmgbetween
per[drp-%n%tcukgglm%é% I n@é?&ét g fluorescently-labeled

antiparallel or parallel ssDNA probes, to allow reliable
differentiation between complexes containing perfectly
complementary sequences and  those containing 1 bp

mismatches.

Example 14

DsDNA:ssDNA complexes facilitated by YOYO-1 readily
form at room temperature within 5 minutes of incubation and
generate fluorescent emissions at the same level of
intensity for hours. Complexes containing base pair

mismatches similarly emit fluorescent signals which persist,
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the fluorophore, resulting in a steady |evel of

wo bawanessence thereafter (Fig. 14A). This resuPCT/IRIA64/000124
entirely unanticipated. Wien the antiparallel ssDNA-F
Probe No. 5 was incubated 5 wth the 50-nmer wild-type
dsDNA t ar get %WFQ IDNOS5) in the presence of 10 nM
Ndéf‘%ca*ﬁanqot VECE2 leysDNRLs ShRIRx domplagion over time.

quonaézl:aﬁﬁhﬂf@stﬁé“ dgnt Q;ft efor]n'f_étmo'?lm Csc o cfvflvl\ﬁ[tl%UbeH[d oJé@):e of

resulting in a decrease in fluoreséence h was
gﬂéﬁ?éFOFh%EP?me %ﬁogkg§§|@éDﬁétlgnleQMEnchkuﬁedheln the

Cbkahcd0Rr Q:l%ﬁdggszl.nﬁg( &Py es@élg s L4 aoqg 1%3 Shgourse

Conmpl ex formation was greatly Indicate art er
GXRPﬁalfl@%t%fW%ﬁ:métfpﬁmedof SEQ ID NO' 5 vvl th Probe

No. 5 | resenc n
generatlng §Y$§& éﬁ%gﬁfbaaS%?gé% FﬁXtFF%oréQEgkcé”ntalned
r épecblieting conpar edol st hiat r&ﬁmc&\hadubydtt@rgle& dsDNA, 4

L |c I , nched Pro one (Fig
ATETo OB arei “I3UORERGE B0 GPOT Helat bl PhPthe 10 it Tris-
pH€dengel of .30 i mMy@LZ1andnd0 1M MdClRc110 CORBl @%action

for tion was being S|gnaled (Fig. 14B). The | evel of
g?@§%%ntw%ﬁﬁ ssPGHPERRh At 90CBNJItABTuHTYEEes (WBE) for

V\ﬁ@rhbﬁuét et ARt gt BEom 20 (gahit@nice gugnehs ef fE%citlow1ng
(qonpare Figs. 14A and 14B). By contrast

dSBRAPEEERR: F S@GWﬁPéxe‘éelﬁaﬁ’l%ﬁtial leh aal gbprdz Geuvette,
misrabehtéSEQHR NP th + Rr oQFg(L\IkP 1%}1 f ored akafl hav1ng a

sl ower rate and were nuch | ess stable once forned
t f8VeppRrebhcRl of8 81 omvRniyerRi ek d ForMEMno1es cate elﬂlbplon

TrGr2hef SRIGREE A0 MU MRS ELE Stwe%se%é/@é:iq atter 30 same

m nutes of incubation, and appeared to have been
ePRRPhEE e8P ¥ of UBTRaURNIUES CHPLE ntabRN | DIFqdRiagion4Cpt the

Oegiagetd, cides pEake was. 'ﬂ[g 'lF}?JeQJsh‘EE; Le ﬂ?orescence was
conpl ementary strand in the d :gﬁfx (Fi g. 30

MELPEPER Paserfunctderaef obims feech| 9am]@b¢rpﬂr@ﬁ:e7meary
dsDNA: s8N cOPP! RS (RERLR DO éoﬁtP&Pbgar@%lb es .@omprlslng

formed after 30 minutes or 60 m nutes of ation’in
t HePPpPésened Broln Nav Nycilpsahd Y Medivherd &@srurﬂtbéruslz, in

| Rheb@bsence of target dsDNA, dramatically decreased 3-fold
within just 5 minutes of incubation (data not shown), and
then steadily declined at a much slower rate within the next
few hours (Fig. 14A). This effect we refer to as "Cationic
Quench". This inhibition of fluorescence, associated with
increased incubation periods of ssDNA-F probes with specific
cations, occurred routinely in the presence of divalent
cations, but not in the presence of monovalent cations (data
not shown). This observation makes evident the importance
of incubating the control sample in an experiment under
exactly the same conditions that the test samples of an
experiment are reacted. Multiple lasing of each =ssDNA-F

control sample after varying periods of incubation inhibited
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em ssions consistent with the destruction of these

w@oimploesees at a rate characteristic for DNA cop@l/eBeeet/000124

contai ning an antiparallel ssDNA probe (Fig. 14B).

When a subsequent neasurenent was made at 45 m nutes
after lasing 5 of the perfectly conplenentary conpl ex

att SIEPREnGRBRChine ofnthss| idterkaset yreevktingasin 86%teady

t aslvieTOME 101 dd1R JRRBLEI e rWhEP Whi gl th mpl
destroyed (data not shown). The | [ ST87" of “FlUbr ebddniresult

er’fias%leBﬁlr%%ft’ inapfitgipeéefasi ng, retur ned to the

cati onigaah| ynguanched Makuess oPser M8y nbhes19.< incubated
unconpl exed Probe . 5 alone contro conpare ?—“?

144 ngh elééymerrh@lbwm@(@@@woﬁamgtth%Ecpewem|5;» in the
M eRed ce CAI| @Xesyh O'i\a'g;%_q af tn%trdl atéﬂgin £81.0f dgDifs 3 PNA-F

[ ncubat ion and repeatedly irra er €4f t er
148Plegnfoapat s avas Iﬁ%é‘lﬂlaubr@@@@mlb‘emlggrtea wAsimotbation

C%‘u@ﬁt@ﬂ% Wit h 4 thee&?eg%urt Yet i@ 0i s éé}l%econ'ezk%éﬁs was 6%

(Fig. 14B), even though cationi ¢ duen
Pr‘-’é@étﬁlé thanwhes PEdTiqH sy vier rcatdllaned qedn@r & e control
mprygbg kAcubat L alqlp iphi Bi,ked ( 14

S SRSt e A O Pl (B o
(3@@ ODeROLY 3 eee N E1B) BT @msil fD| amhyt@@ptaf entdupation

ng_d%.td' O_qu\l@)@ rWi’éﬂ pf?@ogeasth@g E(F!Lxg tﬁ% %Dgeé‘gnc? of 10 mM

ex eri ment was per orned to determne t
Céefeed b wilMpple Igagrengtomtm%@rqncéx@s‘a cletcxwasse in

fqﬂi‘ﬁ@r@@é&nwer}gsrpeeg%l%%ggnge%@gﬁeease% htag ggkﬁ,‘eved by the

reaction m xture which twWw ce
i ffitBicniiealty 2%erchddrfrrhgudhch 5 refdngor @8genddB) After

ergd tod by, ¢ he ssNA-Jz pmﬁl%gtgg g nefeb regggrgegf 10 mM

and further cationic quenc occu
f HlgCher anscuBAt imh, Mitdlonglne seggesex ngfctﬂlr@ttlbhe was being

S%%a&eﬂr? JE W‘r’lls’lll':)l naCtl‘lhgaES dPyofm'g oprl gcler£agllast310n seen
hovin rrechanl sm (data no 51
Slaﬁ'a I ﬁﬁl yand/mé#OSOmene‘sekﬁ sgBNA- thlbjoegmke:rl@uadblbel tto  the

the i8a¢k ngﬁ At et Esn?ggge% @iegnw

after nor 'zl ng Iuoresce
em ssi 8H ebntwif,r esNpr ebBNAND cayliseggenhat contained a 1

PRQOrESS! ¥ ERALONt S JUSHCRLIY Yo Qhsenyed WpoB, 87y ¢ a
slower rate and were much less stable once formed in the
presence of 10 mM MgCl, and 10 mM MnCl,. The 1 bp T-G
mismatched complex was first observed after 30 minutes of
incubatioﬁ, and appeared to have been eliminated after 60
minutes of incubation (Fig. 14C). Once again, the probe was
antiparallel to the complementary strand in the duplex (Fig.
14C).

Multiple laser irradiation of perfectly
complementary dsDNA:ssDNA complexes (SEQ ID NO:5 + Probe No.
5) formed after 30 minutes or 60 minutes of incubation in

the presence of 10 mM MgCl, and 10 mM MnCl, resulted in
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In the foregoi ng exanpl es and description, we have 5

el uci dated that heteropol ynmeric nucleic acid strands

cgﬁLr ﬁpechicalLy bi nd on the basis of honol ogous base

pai THGSCeBECIFHiSRAPRY o sdetentbetiidentipar alelsekuotion of

artHepar aldmpllexstr ands. Me-hayg. als Cl hat
nucl ei ¢ aci d bases bound 10 ih fL;i %@J?és%nd ?oltrggm\'m complexes

cSiP et dr $ndapriRasd el sdots fiitegumive dFior egdBds t Meen a
bases eolicRE OXkABhr&MGl el Ak StIangds and fhat .such .

bases can be interacted wiih %ﬁest%{g €525| S o”lfet%/\aatfstéeﬁ- Nasing
O KR P BRI AT e Bwdengatarng compherpkbgdas miasees, the
pRidiisRAsn dependinig 1@t hg,bi pgiang gl of the .

pr axi mal I_115 sequet?ge ofe bagesﬂgg%]'ert%ﬁ%tﬁggghg %Cl)t?]}éer TpLdity
t e “Po &1 6l ethp| Remmgotsist slesThipgeils (date whetdimwahe The

bases1i notthe £1dYBL&Xerfl € dfit@hagt i NG L L h es. in -
third strand to form a specsiesfli%gél I gf)é%%ndrp‘?%l 8 Tasing,
stPGOEnre b Whetdter onheabhy eguensthacheaduph esb@gered by the

speebfibtakéy b aet i BY,W | bases, whi
are thgrrsel ves coupl edgi #‘%ﬂ% %I?%ggnq?érclggﬁare Fif! Pha ana
c&ﬁ‘ﬁI)enent akry doplex. exgapdridintngwpst hehenvestfartly matched

CRURDILERSs t RerfiScoyard, thal ?ﬁg%ﬁﬂ%ﬁjié¥< G4 k%g%Pn and

bases remmin_ reactive as spec ses 1o iNnte
ak@PBRREtY pFesdindied Hasasadicnt HELgst L4BUs amd daisocase

Withl greabrspesid | il saRd 2gaal agrity. Wile all of the

this is remarkable, 1t is considered eSpeci ary y

r EREFKEBFECR Mt theT candl & phliird .ng4Bar eedet ect@dih Esirther

MCSRBLENES uBnBhNUNG LRACtEONS sWhgpel n | e .Aomol.ogous

bi ndi ng notif Is domnant and bel ng enf (ﬁuge&pgﬁ érgcalélated

baééerpai r's Pyinptst risrmibritdeni npesatiotellyt indibited (Fig.

| ey sen3hi eamnisabl b 0aL, nogpl ogoaus, quadiypley,
ARARJL == . . b -

binding is more specitic than is Mot Tort o itk ¢ mismaten

cofpRentht &Py 7quadPapbex Ndi nd)ngvex¥ menédsily apparently

quadeupyex B ndihRgL,eccyLs; hetyaen the, major groove

side of a dklg}}pl .ex-cgupl ed J[)agie(vggtr:qnbase) pair and 68

An experiment was performed to determine the basis for

the effect of multiple lasing on the complexes. It was
found that when fresh cations were added to the reaction
mixture which had been 1lased twice, the inhibition of
cationic quench in fluorescence emitted by the ssDNA-F probe
could not be reversed and further cationic quench did not
occur upon further incubation, strongly suggesting that the
ssDNA-F probe was inactivated by multiple irradiation, by a
yet unknown mechanism (data not shown). Similarly, when
fresh ssDNA-F probes were added to the reaction mixture
which had been lased twice, after normalizing for the
increased fluorescent emission of the fresh probe, no

subsequent progressive cationic quenching was observed upon
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si de of a dupl ex-coupl ed base or base pair.

whlesoaafedr e, while the potential of further bipdi/meosy000124

a base already conplexed in a duplex was unknown, it
had been postulated that third strand recognition of
bases in a5 duplex occurred solely in the major

bodrest t4ﬂ§Q&$§ﬂ@n ofhi $hae skewtisnnomikhereasestrongly

taID%O n%&‘l%atfigseot héigtgglgf?t Iw\é%ebaﬁ({(rl’ré?qé)éqt i %hsabled

u sion i's no arrier to duple dupl ex
QWWéﬁﬁléhOW@Pates to readily achleved bi nding 10

reacti gps c [ hi eved MAth short
|ncuba??bnw9%egio oEXQrg%%1 é%%eracﬁre aﬁﬁlg&ﬁ%ﬁrdae have

natlufégeigdont it ahetexerslymsiria rm@gbnn:tacddlwarands can
r 0 I nti.on i s.shown to be
ngﬂﬁ%%qqcsggglFthgﬁ¥e%ﬁg bgggg J vﬁgusﬂﬁg%?%lgﬁ?%a?Tﬁflng
r efwshanpind sngi mlnl yowmabetsh@m pelrat1par tdral antiparallel
VAtison4Grick conplenentary conjugation with free

bases can contribute to increased duplex binding and
increa@@d1¥xwﬁﬂdhwﬂt%ﬂudIheté@venatonucDmﬁdia¢Mdﬁmébes bound

t 0 e of base bindi
Zﬁg§5§q%ﬁ%%H§??' EeQSég% %iﬁar% upg%ﬁ 8 tichaht #ore ?ékt as
nﬂﬁ¥wgﬂél@QEC@ESEaanlanXMMﬂsennﬂehanaSME saf&nds and that

CLQ’JC@{“A&)/S b{% vl I]c?éjsi acte%l | C ﬁlé_ll e‘([r})gl gk%assrdst ofS Watson-

nost renar e to det spem
réb@wﬁﬂt|@nmgﬂﬁmdmtadyngbbyebage&xﬁmQV|Quslyhdmuid@bably'base

i;nt Ienent upl ex. . 25 W |
be égggtﬁageggﬂélﬁﬁq%a&éee u0| qﬁ%ﬁ?aﬁeagiFée PHyeimal
ab&ﬁﬂ@ﬂm@ntObfkn@ﬁy " ¢atromiinald" bﬁeaﬁtaad hﬂe the possible
r e question of nucleic. aci
cg%a |ty &%W%$e tﬁ%ilnvg%tggﬁehag %8 é?%r %%%3 pe the

dehaﬂbxa@de mmthraetem@ntﬂjt¢m$pecuhle ehﬂa@lgsrand to form

| I 3 k in.th
faraerst%i1 C":Lfll'é:awll bg nd Qrﬂ?.l_pa e qucl 83%68%8'%%%\ : %gaases

at vari ous ch anges and
t her ethhe widipdek depar $pesrg1ﬂ:rdamltyhemmiarc'rtﬁngndvﬁelop@roximal

tn%&%%f'wﬁchW)§£Q4/ggggg}vPCTék%%goé/Q89%84a Watson-Crick
complementary duplex. Accordingly the invention comprises
the discovery that Watson-Crick coupled bases remain
reactive as specific bases to interact and bind to proximal
bases on other strands and do so with great specificity and
alacrity. While all of this is remarkable, it is considered
especially remarkable that A:T and G:C pairings are detected
as mismatches in binding reactions wherein the homologous
binding motif is dominant and being enforced on all base
pairs by a strand-wide imperative. It is likewise
remarkable that homologous gquadruplex binding is more
specific than is Watson-Crick complementary quadruplex
binding. Of necessity gquadruplex binding occurs between the

major groove side of a duplex-coupled base or base pair and
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CLAIMS 5 1. A nethod for capturing a target
conprising: providing a sanple conprising the target

w@omiaseBsng a heteropol ynmeric target sequencePOf/1B2004/000124

nucl ei c acids or nucleic acid anal ogues; providing a
probe containing a heteropolyneric probe 10 sequence
a@geam éobe ri mng sequence, wherein each of the

het er'6pot VeI prrole SEquetit ean@othdeprbbee pri mHasg pair.
SBgUEncoLHNNHISES tAUCHEELn @G 10% Ol PULL 1 g A d
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ndclf &F Y alPdBL8reIndd et c el axanogueknadapt et ttmd been
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bﬁéﬁhﬂibﬁéﬂwmi@htékél@%piéiyiyp%bﬁgng§O£E%h(§ﬁgyte§nl%bation
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X hE @&_nﬁroiogli hg e e Saifplead whéch 280 prabelegrddt he molar
C@¢ﬁ¢H§3$¥|Qﬁ&eégeﬁ@ngbtHQB§eSHCQeEg@£oﬁhe Accordingly the
het er opol yneri c_target sequence bonds to the
hé?%ﬁQ#;ﬂnynt$i€h°HF05@ skerjuente quiivs ueerditly tdehieved, but
bbbkl 1 1901 610 1 A1 PridiRG,,pr 0be conpl ex, wher eby

the target is captured fromthe sanple to forma

pr obe-ldPget coitpl ave30 shovThe tmtthodastielai Matson-Crick
f eI S@ARY SbAFJugdei &etiNG & %gQ%geglkgre%og£ribute to
emtted by a marking agent, such that a match or-a

nt 37t cherneen bhzdinofandhénc7ea s 2064/1F6568¢ .

PCT/ | B2Q04400Q124n HSANReLYNEr LG, prohe sequence and .,
bases of the heteropolyneric target sequence is
detetidge 3f whee netibidicofndl apneRsh whisileite thetral to the
W?fglgieir&%éﬁ%ﬁgiof | SafPVBLENLL Yot t aGhed 0 the pri Heeghanisms
pare currggtly.mysterious, such as gene silencing.

by a base

It is most remarkable to detect specific homologous
recognition and binding by bases previously and stably
coupled into Watson-Crick complementary duplex.

We believe that what we have elucidated will require
the abandonment of many “canonical” ideas and the reopening
of the question of nucleic acid binding capability.

While the invention has been described in detail and
with reference to specific examples therecf, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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5 4. The method of claim2, wherein the marking agent
is not attached to the probe or the capture priner.

w®200Fhesepet hod of claim 2, wherein the marki ngPEmEB2004/000124

is a nenber selected fromthe group consisting of

biotin, rhodam ne, acridine, fluorescein, alexa dyes,

BODI PY dyes, 10 biotin conjugates, thiol reactive

probes, Oregon G een, RhodékHéS Green and QSY dyes.

6. The nethod of claim2, wherein the nmarking agent
conprises at |east one signal donor and at | east one
signal acceptor. 15 7. The nethod of claim2, wherein

el ectric current or electromagnetic force is applied

to the reactlon m xture to generate or vary said

signal 1-8. FhHeethachdg@roraptarim® a wheget ncorer iprined

pr obe | n rt .

The neghggp%%ﬁ% §|%$%5i§méé %ﬂﬁﬁgiﬁgéﬁc %gggrcgp%alnlng a
mheSETgPebVES Hihderrdet segached b6 hhelarmbesidi0.orTheicleic

n%kﬂgdagglg§@g§12 wherei n the probe-target conpl ex

formed in solution, in a cell, on an array, on a
b| ochi BrOVhdelEbhaanefIObel eoitedpiog a rieaftrmlploeymerlc probe
MeEbhange QR422 BrS ran en
on@% ol ?d suppo?r SQ1§§£#%§§ Of %ngﬁ% ach of the

f@@ﬁﬁéppééwmﬁﬁ¥ﬂrupﬁnhﬂmrﬁfqu@m@@com@dhetaeopqhyWBr|¢mlm1ng
prs%%@eﬁggug&%ﬁ el gﬁc@égpee:\?fdsa orsgﬁgﬂg%gr Obe t Q aﬂogues ;

second heteropol yneric targ sequence 0
adJaceﬁF06¥d¥nQD@rﬁﬂpﬂurqImglMetepopptyﬂmng(nudméltamg&ﬁs or

S%%%@@S@ aégd Jggi %o%d %t%ég§$1%&ndwg§rt r]tg% e ndmlng

mar ki ng agent rises a one” signa donor
aﬁeﬁéagﬂeoﬁé>signaleaa@cep&dr‘pnnh& atoheglest opnesofntheo a

Si . ~don d 04/,065631
e ?%3 04785 %?24@%%%@]? Vg:%oce}npt ot% TFEched s 55in9  of

| dagson- @Bi@koﬂom@lQW&thnwﬂhﬁse13uﬁ%h@cmebhodumﬁ @il ou s

ba@@erf%{k R Blon OTplltg Ltothe reactio L
m xt ure an e si'g et ec en brobe  priming
sequence and the capture primer bond to form an antiparallel

duplex, the binding motif is homologous base interaction,
and provided that when the probe priming sequence and the
capture primer bond to form a triplex, the primed probe
complex is free of recombination proteins; and

forming a reaction mixture comprising the sample, the
probe and the capture primer at conditions such that the
heteropolymeric target sequence bonds to the heteropolymeric
probe sequence pursuant to the binding motif of the primed
probe complex, whereby the target 1is captured £from the
sample to form a probe-target complex.

2. The method of c¢laim 1, further comprising
detecting a signal altered or emitted by a marking agent,

such that a match or a mismatch between Dbases of the
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5 thereafter at regular intervals to detect
di ssolution or further conplexation of the

w@e@boeicar get conpl ex. 14. The net hod of cl ai nP@Y/1B2004/000124

wherein the capture primer is bonded to the probe
prim ng sequence prior to the reaction m xture
fqQrmng. 10 15, The nethod of claim 2, wherein the
gﬁi %pBFVW%Flcls Rﬁﬂhﬁxﬂtﬁ?qyﬁecﬁrob@n®r|nba§ps of  the

SQﬁi%&%@o§§m@ﬂl@n‘$dn%%rtals'e§{;engé'pise)&e\_ll!\fﬁtctﬂea horol ogous

base interaction bindin e nmef hod of
claim 2 whékei rethed ca gt atalpr2 mevheisimhoridednd ckitiye agent

prichecRhi BhB gy SEAURNEE 88 Anlr) a
honol g%ous baﬁée i nteracti onhbl n%)il ng BF Ci%glefh

net hod “of TeRalfTBod vier@iaim e @@pﬁrgne phé nzearkzlrs; agent is
barged ttachbe @6Q§ﬁaE&oﬁbnsrséﬂyﬁ%ﬁﬁﬁﬁé 8r£ lex with
I'n Tt

a Watson-Crick base’interaction 18.
The netfhod BRechaimed, ofhetaim Zhewlz:@lpim etmxmnsea"klnao agent

| s pandgdnior t e frhe Ard,m S@fg&ﬁ%ncce A5 &in

quadrupl ex with a honol ogous I'nt eractionobi ndlbr%gOtln’
nm3tiodanige, TRerhginpd Biuetieiania, were niche EIMIENe dyes,
pPrdiehn i do r m ng.sequence as a

quadr GSI eiow tﬁ a V\ﬁt@%%faq%%lgg%gse Flgr Sbe%&ict %%gon Green,
bl%@ﬁﬁ@lﬁﬁtﬁeeQ@@bQSK Rvesfor capturing a target

conpri gi ng £0 erapol yneric.

sequen?e aanﬁ'e gﬁpro e ﬁ?ém%lgrgseqﬁ%eemv\hé éL@ﬁ gent
ofcOMRE 1 SRat eF oot Sirertic rcobe sleguenged amd letresqorcmaae signal
Prid¥epgorSsequence conprises nucleic acids or nucleic

aci d anal ogues; 30 and a capture priner conprising

nucl ei ¢-aci 8ge gretiesl eifcclath d2 andicogues eadapt e durrent or

b%ﬁ@c%?oﬁgﬁné%fgn%dyee 1139 5 §§%| 5090 %g?f%gggéﬁi%dmlf%ure to

robe co ursuant to i Ng
2@@4%9@656393: P@IW B200450004R24 sel ected fromthe group

consi sgi ng @ﬁeVﬁ% 1 G Ecky ﬁ&”E'e”EQEQE .?ﬁéeﬁgg@ﬁgegrobe

i nteraction and orm ogous™ base eracti on,
t FREPWABNL S heoysrlotne Lpr boiing sequenpeorand the capture

Dfi”Efgbondwﬁ@-&é!ﬂ@da%fth%R%rQL' hege A62% intercalator or

minor groove binder is attached to the probe.

10. The method of claim 2, wherein the probe-target
complex is formed in solution, in a cell, on an array, on a
biochip, in a channel, in vivo, on a permeable membrane, on
a semipermeable membrane, on a gel or on a solid support.

11. The method of claim 2, further comprising binding
a second heteropolymeric probe sequence of the probe or a
second probe to a second heteropolymeric target sequence of
the target adjacent or proximal to the heteropolymeric
target sequence.

12. The method of claim 11, wherein the marking agent
comprises at least one signal donor and at least one signal

acceptor, and at least one of the signal donor and the
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5 the binding notif is honol ogous base interaction,
and provided that when the probe primng sequence and

W b@4/06pt ure priner bond to forma triplex, tPer/mBomemo124

probe conplex is free of reconbination proteins,

wherein the prined probe conplex is aldapt ed to cgpture

10 the .target by binding the heteropol yneric probe
seyiside ?%cepéz%etjeﬁ' o"?:)i'd’rg%ﬁh?ldi ¢ arlgelesequencervfionhesr the
t grgete .pur suant to the binding notif of the primed

pr obe %n'ple . 21. The kit of claim20, wherein the _ .
capturepri mef iBethhded t 6l p?obehsmennngradiation is

sequdiiea. tfb5t21%_- r-Eﬁ@:tKjaﬁ inx@\ln_aé. r%l?&"tl){@egﬁ 1thies detected
capture priner is bonded to the probe prining

se &éﬁ@ée% &t aht9pdtal Fefertis eko wideheat hohslsogotson or

basathet-etaepi o tidrdicrg At £ ' claim

21, wherein %he captufe prin%ro?é§%ﬁ6§%§egb%%f%%e probe|
prim ng4seqﬁlé?lclée‘§$°dg af |OdJaé_XIf \&,tawhare?_@ W@?@mprlmer
base bbheedacti®n thindi tj.f:. .24, it of_clai

21, wherein the gﬁ tu%gggg?ﬁgﬁmfsé 5%%@%%“%6 Pﬁéoﬁrocé the
pfﬁﬁ?ﬁé°§eﬂh%ﬁﬁﬁﬁ STHIPPEplex with a Watson-Crick

base i nter aghd ofe fiddidig JTRL | 2_,2§,h§gQ§n k%yt,e O%aop%{%emprimer
21, gpereln the capture priner is onded e

préb@ PRI 1§ SEGuercbeasramipadeepiercariah & antiparallel
hamph egows:0as & drtiSka6Li 90 binding Juop i f binzcginrgwn%t?'gt.

of claim 21, wherein“the capture priner is bonde .

t he pr&ﬁe_p???nmﬁféﬂﬁqﬁén@ééag 4, qubdrept exhani ¢dptaire primer
WakseRn@elCko base gy %ﬁtih(iﬂgblsggﬁgrgcgogé fa tgrolﬁ%.éx with a
The kit of claimZ2l, further conprising a markKing
aS@WPlﬁﬂ%b§eﬁP%%)%@ﬁﬁﬁaéFl%ﬂthﬂnd;mglqnahfwhen t he

bet neer basee of 75 Vb 5004085001 PCT] | BADUAOUG TR ne"

t B& REPErDpBP yHRS i REPreolpe imégaeneeuemtt bases tofiplke with a

haﬁeesﬂotayi@{iﬁ‘astea&%éﬁ@%&ﬂ%q idinge}ngg}_ d. 28. The

kit of claim27, wherein the marking agent is

coval ehft y Hta ftetéect oft kdapri fedwie obie complepture?Primer

The kbhaod & EHH@ %?Ob@'h§£ﬁ'i‘uﬂ’lgt I'Eeeqql%lh%lengs azgec?&adrsuplex with
a homologous base interaction binding motif.

19. The method of claim 2, wherein the capture primer
is bonded to the probe priming sequence as a quadruplex with
a Watson-Crick base interaction binding motif.

20. A kit for capturing a target comprising:

a2 probe containing a heteropolymeric probe sequence and
a probe priming sequence, wherein each of the
heteropolymeric probe sequence and the probe priming
sequence comprises nucleic acids or nucleic acid analogues;
and

a capture primer comprising nucleic acids or nucleic

acid analogues adapted to bond to the probe priming sequence

to form a primed probe complex pursuant to a binding motif
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not attached to the probe or the capture priner. 30.
The kit of claim27, wherein the marking agent is a

woreobe6s63el ect ed fromthe group consisting of PCDIB2094/000124

rhodam ne, acridine, fluorescein, alexa dyes, BODIPY

dyes, 10 biotin conjugates, thiol reactive probes,

Oregon Green Rhodam ne Green and QSY dyes. 31. The

ki ISIFCtQ%i nf2an  wWhBPei wrome préored. rioe  @ONPWeXsés-Crick

C Q¥ euynd S : The kit . of claim
21, \/\%ﬁdgﬁﬁgt ge p}trjagsbé;l i slmﬁ%%g%%%?i on%qc%(zeélo\lflmogﬁg%lﬁ% base
ort HSi @ SrdRrnudrer édedi Bhabi shémsthe 3roAhepkinimf sequence

claioamb d@gﬁ N r iS. C rised_in_who or
in part of a ﬁgﬁt Fg?lﬁilpclﬁ%%e%p ackﬁgneal,ntépﬁlé%lif?%eﬁhiplex'
chdtyedPiBsdrBonBOt HE pdpst | Hemalicers lacied dntarhocked, and

NYSHARIIGeRCT Hna0 fdn  the probe priming sequence and the
capture primer bond to form a triplex, the primed probe
complex is free of recombination proteins,

wherein the primed probe complex is adapted to capture
the target by binding the heteropolymeric probe sequence to
a heteropolymeric target Sequence of the target pursuant to
the binding motif of the primed probe complex.

21. The kit of claim 20, wherein the capture primer is
bonded to the probe priming sequence.

22. The kit of claim 21, wherein the capture primer is
bonded to the probe priming Sequence as an antiparallel
duplex with a homologous base interaction binding motif.

23. The kit of claim 21, wherein the capture primer is
bonded to the probe priming sequence as a triplex with a
homologous base interaction binding motif.

24. The kit of claim 21, wherein the capture primer is
bonded to the probe priming sequence as a triplex with a
Watson-Crick base interaction binding motif.

25. The kit of claim 21, wherein the éapture primer is
bonded to the probe priming sequence as a quadruplex with a
homologous base interaction binding motif.

26. The kit of claim 21, wherein the capture primer is
bonded to the probe priming sequence as a quadruplex with a
Watson-Crick base interaction binding motif.

27. The kit of claim 21, further comprising a marking
agent adapted to emit or alter a signal when the target is

captured such that a match or a mismatch between bases of
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the Theteropolymeric probe sequence and bases of the
heteropolymeric target sequence is detected.

28. The kit of claim 27, wherein the marking agent is
covalently attached to the primed probe complex.

29. The kit of claim 27, wherein the marking agent is
not attached to the probe or the capture primer.

30. The kit of claim 27, wherein the marking agent is
a member selected from the group consisting of biotin,
rhodamine, acridine, fluorescein, alexa dyes, BODIPY dyes,
biotin conjugates, thiol reactive probes, Oregon Green,
Rhodamine Green and QSY dyes.

31. The kit of claim 21, wherein the primed probe
complex is covalently bound to a support.

32. The kit of «claim 21, wherein the probe is
functionalized with one or more non-nucleic acid moieties.

33. The kit of claim 21, wherein the probe 1is
comprised in whole or in part of a neutrally charged
backbone, a positively charged backbone, a peptide nucleic

acid or a locked nucleic acid.
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