19 JAN 2006 WD 03/010326 PCT/IBOZ/02791 PARALLEL OR ANTI PARALLEL
HOMOLOGOUS OR COVPLEMENTARY BI El C ACI DS OR ANALOGLES JANERIBEF
TO FORM DUPLEX, TRI PLEX OR QJA HWEXES 5 SPECI FI CATI ON
BACKGROUND OF THE | NVENTION 1. FI EEBIdF ENTI ON The invention relates to
nucl eobase" BPHUPRE i n conpl exes, such as dupl exes, tri pCaFBQ/021Y

quadr upl exes, and nore partlcul arly to nethods V\/nerel n such conpl exes are
formed by 10 specific binding between single-stranded or doubl e-stranded

nucl eobase- cont BARARLGER ' G ANTRARAILRE, CHGHIIRREBE G coflftiMSmakyanded
nucl eobase- cont BINDIFGt OF JRICLREC| UKIDESOR ANARDSEEE RHERMoPFrdREbAIED ART The
Wat son- Cri ck npdel of DURLEX,CTRIPLEX basoiramuribe coMpraggepted standard in

nol ecul ar biology for nearly fifty recount ed by Janmes Watson in
his book entitled "A Personal Accc?éﬁ?g%%ﬁlﬁg Di scovery of the Structure of

DNA, " (%968), the Watson- CBACKCRMES OF VFHE INVENTIM son and Crick the Nobel
Prize, arose from the-ashesy t&y @abandoned theory that 20 bases bind to
| i ke bases on op$05| ng strangfw% t(gl\g)n at p.125). Watson described how he
abandoned his "bFRefinyensienixpinses |tk auglepbasek dipding iy’ complekemhen he

realized theuchdvast a@igsiekbsd SJleQ@§eda,{an RAudaBish Zef, bI e NG Ld.
Al t hough antip raI | el nucI ei c_aci |l exes first . 25 suggested bg WAt son
Y

and Crick ar @r Y G &Ry %‘?%d’f}?&eﬂ}péuc%fc‘fﬁﬂlﬁf‘ﬁ? ea’éﬁt rigFdeAub¥ei ¢ acid
struct ur es, aptecﬂlﬂi?c beéndin sseumaead stmguewamaeda@rdaoajbse-éwaﬁuéal pl ex

structures uctur under certain d|t|o s. Until
recently, bin %ﬁa armr%%%%%%{ ucl®i c 8ci d nflran g }ﬁ' aPS? a PFi pl ex

was w dely biéiluibéVB%FJI@dbé pefifsohade ternredying ivsirget spmeness of nucl eic

acids (e.g., polypurifi@carer YRYEiiAdpNgrsequences). See, e.g., Floris et
al., "Effect
The Watson-Crick model of nucleic acids has been the

15 accepted standard in molecular biology for nearly fifty years.
As recounted by James Watson in his book entitled “A Personal
Account of the Discovery of the Structure of DNA,” (1968), the
Watson-Crick model, which won Watson and Crick the Nobel
Prize, arose from the ashes of their abandoned theory that

20 bages bind to like bases on opposing strands (Watson at
p.125) . 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

25 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.
quadruplex structures under certain conditions.

Until recently, binding among three nucleic acid strands

30 to form a triplex was widely believed to be confined to very
limited species of nuclelc acids (e.g., polypurine or
polypyrimidine sequences). See, e.g., Floris et al., “Effect
of cations on purine-purine-pyrimidine triple helix formation
in mixed-valence salt solutions,” 260 Fur. J. Biochem. 801-809

35 (1999) . Moreover, canonical triplex binding or hybridization
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of cations on purine-purine-pyrimdine triple helix formation in

m xed-val ence salt solutions,” 260 Eur. J. Biochem 801-809 35 (1999AN 2006
Moreover, canonical triplex binding or hybridization 1 9 JAN 2006 WO
03/010326 /02791 was thought to be based on Hoogsteen b| nd| ng

bet ween | i‘iﬁé&'ﬁ%\%ari eties of adjacent nucl eobases, rat ﬂ’&m{’

Wat son-Crick base pairing. See, e.g., Floris et al. and U S Patent No.
5,874,555 to Dervan et al. However, the inventors have 5 recently disclosed

in several paicalonphl kabboBiadd 1 HBBgEddc Bikitifp WKk TukCSipAR Sequence
triplex nucl ei ¢ .acids _ based on Watson base pairing can be created

and used asVeTHE55siof rafiagent gﬁ}lfll%‘&‘f’éﬁ?%tt er%‘fftfrse%ntl SgRzER For

speci fi c bi basegpaiSdagl. SseRat eny. ,Amllolrmat ¢oNs1 Namd 10 s09phadsht?26® .and

09/ 468, 679, IV, filed Jul 000 and Decenber 21 19 9.
Zhurkin et a{&?&%—% & I\/B?rv%o € %‘é’l (19895 Fi's 5 e s THE RS Bi 1 ity of
par al | &l DNAeWriquYexél&SChw&ﬂ/erin t seyeral r igslteres apwlizaitdons brhatr eat ed by
the third stpastiRiandyNbods IdBC plBE ObediicdBUCtRIpIdie BLEX ddtdshe
presence of ~reconbi nation proteins, suc% as RecA proteln. as been the
case with tPRESLOM EEErR-GidiclsPass Paizdng etan é’ﬁaprwsqfomnﬁe\g%ﬁdduaﬁg

quadr upl ex BHE| @agidCifds hashigrBp hb@ira%@cmmcuémﬂrtl%rla‘etsagfeswanl y exist
under relatlvely 20 extrene condjtions for rrow c¢l.ass, of nucl eic acids.
In particuP8FS & &P ( Nat ufe® 3355364 P%%n 19598 Cl)l"&lté%’?%set‘zi’ 't hat
guani ne-ri ch9b$1:gc2rsaclaedt i0d¢86 828V 95 parbpecively fided - askentd e dan00

four-strand GBSl gy Viy Sen et al. (Biochemstry 31:65-70 (1992))
di scl osed t klfl%1eese 55% outrg-ggtranded conpl exes can further associate into

super structur es Zwwbéseltorls, 238 Hr Mg -oBigbnetdl M &isgloses

(Bi ochem st Ye 3PobBTB8r (kY7 24z ( pRBM1e1a6ha Netelfiee bt dowBeSEar €he3: 696- 700
(1995)) dISC| sed that song uani ne-rich oligonucleotides ca Iso
assenbl e in 5??1910?"?65%1“935’"1)% 1R8 SZPRbRHEM E %FOF Y $OR @9

)iighes- in the major groove of the duplex in the presence

These

recombination proteins, such as RecA protein.

_ As has been the case with triplex nucleic acids, the
conventional wisdbm regarding quadruplex nucleic acids has
been that such peculiar structures only exist under relatively
20 extreme conditions for a narrow class of nucleic acids. 1In
. 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
25 four-stranded complexes can further associate - into

superstructures composed of B8, 12, or 16 oligomers.
Marsh et al. (Biochemistry 33:10718—10724 {1994), and
Nucleic Acids Reséarch 23:696-700 (1995)) disclosed that some
guanine-rich oligonucleotides can also assemble in an offset,
30 parallel alignment, forming long “G-wires”. These higher-
order structures are stabilized by G-quartets that consist of
four guanosine residues arranged in a plane and held together
through Hoogsteen base pairings. According to Sen et a;.
(Biochemistry 31:65-70 (1992)), at least three contiguous



order structures are stabilized by G quartets that consist of four

guanosi ne residues arranged in a plane and hel d together throughdHppgaiigen
base pairings. Accordi ng to Sen et al. (Biochemstry 31:65-70 (1992)), at

| east thr uous 1 9 JAN 2006 WD 03/010326 PCT/ I BO2/ 02791 guani nes
w thin thgyg%ﬁﬁ‘g@)‘l‘ﬁgr are critical for the formation of tfedgl H}Faﬁer or der
structures. It has been suggested that four-stranded DNAs play a role in a
vari ety of biological processes, such as inhibition of 5 H V-1 integrase
(Mazunder epuahinesBiwhehedriter le@mla%@ze IRAELc19) knef ASARLL G

&
synapsi s dugj i 5| S Nat ure 334: 364-366 (1988)), and
tel onere nag:hgg%gﬁ ?/é‘?srl gﬁg%%ué{es , Cell 59:871-880 (1989)); Baran et

al . Nucl ei ¢ Acﬁtdtlaﬁzelsm cahg@éstﬂ-ﬁi?taae i(olﬁgz):ianddd bras sy A0rd1y t her
suggest ed that ;cepiigly) igg kfi'?:eioBEQ clg% esg chlhnecg Jg_‘%%bquadr upl exes
es

m ght be the keflto control o ical "pro anpl e,
U.S. P&t ent BRI elnyegrzen (M&?umdﬁmﬁzeql aI Bleqlgsgreesttsyt BAt1376ReM¥THS e

activity m giﬂ!’asd)f) Cﬂmﬁnaekb@doﬁhgwyghl@r Ltﬁ&lhgafmewmé)' ‘isé&“ ol Oéim“ on of

guani ne quarteté Pat ent to Pitner et di scl oses
that G qua FEEY DHasad® q?ﬁ’d’?ﬁﬁl ex@s%@éh be 3fp| oyPPreRean W&?na\“&e
det ecti ng négidiiamaonhdet Waon logbLi dsza’nmmot 0(1@89Fpﬁpb@:fmméﬁ Yal.,

ol | gonucl eoldeu;d e SRAVLLEL- LT HELE T 0)ids, 20 O Linsar] zes ther cby

i ncreasing t stance between donor EEﬁnffer ent
parts 18f t h&éughprasvggestad ddetr eonymddhing n@he praddecicaseE gnabivei-r

interacti on 8ol RJuad | e 0@l S al.{e. es ce)
emtted gmthe gt?%%%j%le% %gé%psgePg%%nt kg t5c£ gn§§%lﬂggAgéri§évi:}al et al.

di scl oses aPiPEAHGE f BFOFeRssur i FPEa%0R1f Gyt RBERRE d-g6nRT 10 i des,
wherei n t hetsymahein Gtold1goniughests dﬁﬁathw@lbﬁléﬁsespe&%fvh@ﬁ' h¥ghtMdeh a

desired, ful t nuleot| e a ncom t ant | forma multiner
aggr egat e, s%% ag gu%l °31ﬂh g’?ﬁeﬂgb‘ IW?TE&%‘@E?‘%&Q%QE%?&% ni ng the
ol i gorfécl| eotiiaietate . be

U.5. Patent No. 5,888,739 to Pitner et al. discloses that

G-quartet based quadruplexes can be employed in an assay for

detecting nucleic acids. Upon  hybridization to a
complementary oligonucleotide, the G-quartet structure unfolds
20 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.

25 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 concomitantly
form a multimer aggregate, such as quadruplex DNA. The

30 multimer aggregate containing the oligonucleotide to be
purified is then isolated using size-exclusion techniques.

Despite the foregoing developments, a need has continued
to exist to systematically investigate and catalogue all

specific interactions between mixed base sequence nucleic



purified is then isol ated using size-exclusion techniques. . ite t
foregoi ng devel opnents, a need has continued to exist to syste éﬁﬂl&s
i nvestigate and catal ogue all specific interactions between n1xed base
sequence &ﬁg%ﬁic 3 1 9 JAN 2006 WD 03/010326 PCT/1B02/02791 acids and to
create new O &YP&B%i ve and rapid nethods for produci ng ZREBRAIYYI ng
specific interaction between nucleic acids and/or nucleic acid anal ogues.
Al references cited herein are incorporated herein by 5 reference in

their enti re&im afiRl €6 %WB/@BYn% TIE:LDMENT! L% Th i V&R A %r?:‘“ des a
conpl ex co ci % %?i g{% contai ning a heter nmeric probe

sequence of Attt getqgn ZW@CISBFEJ-%’& HeaReEles bmepzpuelqm get

cont ai ni ng acids hetigoopaldieeei fcidageiogirguence of nucleic acids or nucleic

id I f th b d the t (O
ur i 1160 of . Synlhet FEr SBR[ SRR REFBTbpBry nifrEPoRRbee AU s

bondedSto tH qmﬁop@lb,heéml entiyegdes. sequence by Watson-Crick

conpl enentary base interaggigR SfvR¥y pase interaction,
provi ded that when the conplex Is ?Hﬁ)%ogn he het er opol ynmeri ¢ probe

sequence is ant Pﬁaf‘-ﬁY‘?’&lmoPFWéidf?@t ér 69@@%@@:’%’%&@8 déhuerpmbet he

het er opol ynesntaiptingea s RtEER1iHe PN GRGLEO sbiendiel QR YIEriL d.ar get
sequence by_h O%Lf usaba e_20 interaction, and provided that when the
conplex is Ftrrpre THE 2BMARESF s Pt Fe B afPYRipiBEerns. Al so

provi déd |sh%t‘-qmphbﬁmémrc dsggpkngequémregedt, nihdeisehbods c@frpﬁxhéleﬁ@: (1)
providing a | t he a t ¢ ntalnln a _hetero neric
aéﬁ@h%l&%%%l ilhgg rp a{bqe.l.ea 9 one ofd %69 TORG ix?c? %L)e

target sequence o aci ds’ or- nuerei ¢ad
provi di ng at3fese 15 urafichera syatbewiol ymdr (o) probehstegupalgnaficnuc! ei ¢

acids or npedid csaqu&l@mallgguséndé@) £Br waéil r}&t%r?y ﬁf“%&@ xture

Corrpr|S|ngthetargg probe, water, I ncubating the
hybri di zat i 3 XEuPE ‘f’?)?“&nth%tﬁ’f“ipéﬁm%‘EFatxﬁ’nEaé?fjéli:teir@ét QR Yt he
het er dpol ynesncd.ogengdiasseduescecttion, provided that when the complex is

a duplex and the heteropolymeric probe sequence is
antiparallel to the heteropolymeric target sequence, the
heteropolymeric probe sequence is bonded to the
heteropolymeric target gsequence by homologous base

20 interaction, and provided that when the complex is a triplex,
the complex is free of recombination proteins.

Also provided is a method for assaying a target, .the
method comprising: ° (1) providing a sample comprising the
target containing a heteropolymeric target sequence of nucleic

25 acids or nucleic aclid analogues; (2) providing a probe
containing a heteropolymeric probe sequence of nucleic acids
or nucleic acid analogues; (3) providing a hybridization
mixture comprising the target, the probe, water, and a buffer;
(4) incubating the hybridization mixture for an incubation

30 time effective to bind the heteropolymeric target sequence to
the heteropolymeric probe sequence to provide a complex; and
(5) detecting a signal correlated with binding affinity
between the probe and the target to assay the target, wherein

the Theteropolymeric probe sequence is bonded to the



t he heteropol ynmeric probe sequence to provide a conpl ex; and ? detegﬁ
a signal correlated with binding affinity between the probe and' 8 %
to assay the target, wherein the heteropol ymeric probe sequence is bonded
tothe 4 1 9 JAN 2006 WO 03/010326 PCT/I1B02/ 02791 heterogol neric target
sequence BXPRNEBH- i ck conplementary base interacti oRCEBBY2"Rbrol ogous
base interaction, provided that when the conplex is a duplex and the

het er opol ynmeric probe sequence is antiparallel to the heteropolyneric

target 5 sengeseoliheritetiangrel xa&&é&epﬁagbﬁaé %@9&'&@ Qﬁlg&'téo the

het er opol yn§r| C taeg:et sequence by honvol ogous I nt erdcti on,
provi ded t h3tSSwEH TREL LR XXy sh%‘qlPS‘BlF%xbaset H@temi@m Qr‘bﬂei,edof

reconbi nat i bnaqorwhen nShe BBbﬁFldQESQ?I ETH@IL_QF SEVERNL Wb ENG Oy dds DRAW NGS
10 The inve descri ction with the, follow ng
dr awi ngs |nB%A‘;r>1 hg% e g %%r%’?ﬁ:ig’ h@?g JITEPEPP ST EF chRFREE and
wher ei A: Fi ggquenge, 1Bhe 11&teZ‘Ap02ﬁneﬂA: pB6be ébeqﬁAncéBi,s Goonaed&:c %he 10A,
10B, 11A, 14BertgAiyvhetic 13@3§§gt 13B, n%gnpogg; raphs

ve

fluorescent .intensiiy plotte a funection of engt ﬁou? or Obea:fc?n sanpl e
anal yzed; aﬁﬂt%aﬁ§1°&4@ndlmoah@eqmaﬁr whew rigws iconpgeapies aotriplaxor escent

intensity ptiod teshpasxaid lf_&egl @f\ Igfco%{@agi% gastbinganpl e anal yzed. 20
DETAI LED DESCRI P;% C@?#—{ | nvent ion flows from our

el uci dati on of t % REFPTB?lchﬂF SEWPO”&EP’FF’% Gt THEt RSP meri ¢ nucl eic
acid gfrands. \Ekehdweemriwn odllybdi aes@seddat he spepiddtechi wimgef a
het er opol yngg l%vﬁrngaﬁgv% ugheé%p&(rzllellkcé‘ %c d and the s e(r:ll(g%}sgﬁ’z bi ndi ng

of dupl ex nuc elc 0 ot her ex nuclettrac gome fose t hat
het er opol ynktse elgnpete and dbe!(%mti/ or- their anal ogues) can specifically

bind to each ot ﬁq@sbymhq@l anmb%%e Bﬁzndiﬂ‘g@sswe'és ag by Viatspn-GCrick
base i nteraction and t hat base bond Iég%ls not [1mt ed tO stran é 30

havi ng anti p¥ali%8r ditediPonkdh y2Bel L34 padt B3R Ak BPTRAsite graphs

15 of fluorescent intensity plotted as a function of wavelength
- for each sample analyzed; and
Figs. 14A, 14B and 14C are composite graphs of
fluorescent intensity plotted as a function of time for each
sample analyzed.
20 DETAILED DESCRIPTION OF THE INVENTION
The invention flows from our elucidation of the specific
binding properties of heteropolymeric nucleic acid strands.
We have previously disclosed the apecific binding of a
heteropolymeric strand to duplex nucleic acid and the specific
25 binding of duplex nucleic acid to other duplex nucleic acid.
We now disclose that heteropolymeric nucleic acids (and/oxr
thelr 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
30 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

homologous base bonding and/or Watson-Crick base bonding



Thus, heteropol yneric nucleic acids (and/or their anal ogues) can
specifically bind to each other with parallel or antiparallel 19 JAN 2006
directionality, wherein the bases bond by honol ogous base bondi ng and/ or
Wat son- Cri ck base bonding 5 1 9 JAN 2006 WO 03/010326 PCT/ |1 B02/ 02791 rul es.
The i nventWQM18B2%hpre than merely the disclosure of unoPCREBBAZBE ndi ng
properties of nucleic acids. The invention enconpasses novel conpounds, as
wel | as nmethods for the 5 analysis of nucleic acids, diagnostic methods,

t her apeuti c fethods, prophylactic nmethods, gene therapy and genetic

engi neering. The_invention enconpasses novel duplex, triplex and

quadr upl ex conpl BesiBYeiicnei {8 aBpre thau/ oeralnl theesiistDodrer eof ) .

Nucl ei ¢ aci dnsttiiids BaN@ind PREpEAtidl bechional gé(idsTheThgoir}l\(r\%EELﬁrpal

wi sdom hol ds_t hat strands qof opposite directionality, i.e., I'cCh are

anti par al | eF TR RHECP %‘?‘fe&nt ‘ég RSEE orf® aletheds ciarhpde mierduphex

t hrough 15 WaatypmisCrofknoohplenmeaidy,y &ldifiorg16f mebRéds, esachbkye: bases.

Certain duply ccardi the_invention, on the other _hand, conprise
two strands gﬁﬁ%@[e%&%@?%%&ﬁd/ 8?&?1 ‘ei 857%ci TRRY o fREL) IRYBFI%i zed i n
paral | el rePBgieRPRiBgene another, wherein specific binding is either

t hrough honol ogoms 29nbase; ai Lh oSk t SR | ase pairing.
Conventional w sdom ﬂol ds that su Eé%%l exese%o&‘%)%%{iéxi glfjjplg?( at™4 east
woul d be ex@PaVEIRICEnSEIRPEXFge £6, RuQleicpaaitme (andfequlamelbyess
necessiot at edhbyedhe conformati onal requirenents of parallel base bonding.

Even nore surpri.gsi .s_our 25 discovery that under appropriate
hybri di zati on col\?lu(f?gllgng‘,n& h%?ﬁﬁngﬁoglévﬁohﬂl?efﬁnaeﬁﬁﬁg‘ﬁ% i%peciFhcity and
stability rPyeditignahat wifsddht soml@si cktieonpl eoeaidar y ant i pababied

Pk o RS 0 PIEOMARES CUBLe G LAV 10,1 0t ancs
orientation to one another, can form a duplex through
15 Watson-Crick complementary binding of their respective bases.
Certain duplexes according to the invention, on the other
hand, comprise two strands of nucleic acid (and/or nucleic
acid analogues) hybridized in parallel relation to one
another, wherein specific binding is either through homologous
20 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
25 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
30 strands of nucleic acid (and/or nucleic acid analogues)
hybridized in antiparallel relation to one another, wherein
specific binding is through homologous base pairing.
As used herein, the terms “Watson-Crick base pairing”,

“complementary base pairing” and the like are intended to



hybridi zed in antiparallel relation to one another, wherein specific

bi nding i s through honol ogous base pairing. As used herei n, t he tepngaN 2006
"Wat son-Cri ck base pairing"” "conpl enmentary base pairing” and the like are
intended to 6.1 9 JAN 2006 WD 03/ 010326 PCT/IB02/ 02791 defi ne specific
associ at i oNOH¥W&n opposi ng or adj acent pairs of nucl ACEIBHR7%nd/ or

nucl ei ¢ acid anal ogue strands via matched bases (e.g., AT, G C and/or
A:U). In the context of non-canonical conpl exes described herein,

i ncl udi ng patediinel sﬁeﬂmbeae@cmwhlwtvﬂaﬂ PokRAg abd @lajhedi %‘F% and
as

paraIIeI ang- a ral qu Iex s,, terns like "Watson-Cr
bondi ng" andn& c%?r% ezirrcgn%gid &si)(; bohti 114 %9 metaguet §traednht Elﬁ)ondl ng

bet ween A aritptFhed barpsy (and/orA (T ;ardc Gndyot: AMDY. naelesaard:dzi»tebcﬂ bhe
edgew se, p|1§j’hal’c S C on and In
269 QN Bietdd Sheck168 CLLAGS 1n8 330 nggfm ah

addition to é convent i onal
Crick Ythe HRAEXER | Payalledq E@énfaélrtﬁﬁﬂ@ﬁall \tacriphm@ it rﬁerdecrfaraemebrrpassed

by the foregmdngnd&ivhfﬁltﬂe(ln qQEd%lSé%@sQ h@k&nsbaﬁ@ce b‘ﬂrﬁgk%cﬁ@ éSée“t
i nvention e%c%@%%sgs onpl exes forned honol ogous base
n

horol ogous base HRUR em%ﬁaysﬁééﬁf |bé’&fif-‘§tgwi BEC| déﬁ?@‘t‘%ﬂ b%tses
rat her than degotpl qunr@r yebases. A Tands T, i IA ahe trhan®dlg@ snaot f byt

honol ogous e CC..T.T a bi. ndi ng by

the bases o?ﬁﬁu |c ac{%J %? éc’i‘éé F%e Cat PAEPRY SPn%thPBngar%E/ a

nunber 'of f HASEgFibepimt Fetden lapd €hickbi ndi nkp pot edditdlonof tive stt]ﬁmds

pursuant to Rnkberidhg Wn&.ﬂ@trdoft:\.@rfméggggé g' e 204 Jo@n ondi tions
condi

(e.g., salt oncgntration and/or type tirons tend fo avor.

the formati o(ﬁ%Sf WE S o CR - boABT ng %\f@lrmﬁﬂﬁﬂaégoﬁrﬁrb@ﬁ'eh nghe2got

Honol ogous  revicofipapesdy 1yl exnes fategcﬁ:aigord%@mi/ﬁron%@ WRtbbn-yadr yphexes
under i dent 'b%%l—il fft%r ecause the localized

i tions
envi ronment can E cone % T’aefr}tvelfwe jb% §3¥?mpa55§%0°%'|?1f3ﬁ%5 PTETERCRY of the
char ge®f bacKkisonrésgeis hase thmddm)l exInubbwilogacs dbas8Obdatingst bages i N a

conpl ex of t@al N1 @NLRR, COPPEL S€ jgentical Dbases rather 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 is

20 affected or conditioned by a number of factofs, 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. .

25 Homologous motif quadruplexes are favored over W-C motif
quadruplexes under identical buffer conditions probably
because the localized environment can become relatively
low-galt, based on the presence of the charged backbones of
the two duplex nucleic acids.

30 Each strand in a complex of the invention can comprise
any sequence of nucleobases and/or nucleobase analogues,
provided the nucleobases are related to the. nuclecbases to
which they are to specifically bind by either the W-C motif ox
the homologous motif. Contrary to cértain teachings of the



ahy sequence of nucl eobases and/ or nucl eobase anal ogues, provided the

nucl eobases are related to the. nucl eobases to which they are td 9 JAN 2006
specifically bind by either the WC notif or the honol ogous notif.
Contrary to certain teachings of the 7 1 9 JAN 2006 WD 03/ 010326

PCT/ 1 B02/ 0%98H% B or art, the target and probe need not PSEIBBABEGI yneric to
achi eve binding; even in the case of triplex or quadruplex formation.

Thus, in certain enbodi nents, the probe nucleobases are arranged in a

het er opol yngfiicx REOPErSLHHIGee Bn@f pidHLMIRAr 566 BUMNHARSoBRELAY kBi di nes,
and the target, vnu%l.eg_bases are arranged in a target sequence at | east
partial ly conprenentafy r P 4 | FPhFAstoffudit 1Fﬁe°gr85%dr‘@é&6ence. For
exanpl e, thoyrabben sequelbes canisontartaizb% dénbodihéntryr i nthebagrsband 75%t o
25% pyrim dj i .+.10 |.exes. of .the_invention can form
from heter gﬁ‘oo fprg??% a'(s}:eegt%r]iﬂgégfé&\Ai#c%qge;g)e&é’ﬂ’n}émaerﬁgr Fﬁ,ﬂe neafiS §E€quences
cont ai hi ng °%t irkexeraysedpupirieesuciedbayeintdingsi nearghaltbguetangetat | east
one pyrim dia.BH&s&PDASE OLrRWGERl dife analagie LAt Aeeagf_ (8L

hybri di zi ng _segnents. Heteropol yneric sequences 15 prer? erably ]] ack

honopol ymr??ﬁ?éﬁﬁeﬁ?@%ﬁgﬁyt%rPa&”tBaék}é homplgacet hee Fhw|rkobgses are
al so sui t abdeenkeite USEFdN exhfipld NURRL b@Bbe SHikfiedSe &r0.cons¥{H Bl €canal ogues

of naturally., occurri,ng _base ich ve specific, Wat son-Cri ck and/ or
honol ogous %Eifngflﬁgn%ﬁalgﬁ?t?%és 7\t¥% g?h N B’§§g‘§1.é’é’§ PRAESRI™ PBR 96 dupl exes,
conpl ékes ofonpllexenv et | bire allswentivgl uden t fophexasmarkkwguragslyleeies,

wher ei n opp%@gceyﬁwigno y fiﬁeﬁtﬂ%.%qﬁ,%ga ld gggg?%es%gémn%gck

conpl ement ary bases or by honol ogous ses, an ative
di r ect i onal 3t e8Ft tPRe BEGhEe Joflenkbease joF puring anadeguemndnat geeatl el to

one anot heroneA f¥-9RedSid an1e3Pasdesy fdyeahiyikd NthahBgtdeiABd 01zt M nor
groove of dqubl ?H%’t ggnd,ed target. Further, the hases, of a
si ngl e- st r antfed probE EaFH 1t esr%“cen’éﬁeci fi CREPYORGIPMSTHG s 82 BHFTGRE or bot h

strands of prefeubblky sladndethopalgmdric3ErSynentar |greatbee tixsess dfaseach strand
of a doubl e;[o?{gl'and@&el}f cﬁlii.{fxtzzleobalaes are also suitable for use in the

invention, such as, e.g., synthetic analogues of naturally

occurring bases which have sgpecific Watson-Crick and/or
homologous binding affinities to'other bages.

20 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 is parallel or

25 antiparallel to one another.

A probe strand can specifically bind in the major or
minor groove of a double-stranded target. Further, the bases
of a single-stranded probe can interact specifically with
bases on one or both strands of a double-stranded target.

30 Similarly, the bases of each strand of a double-stranded probe
can interact specifically wiﬁh bases on one or both strands of
a double-stranded target in quadruplex complexes of the

invention.



can interact specifically with bases on one or both strands of

doubl e- stranded target in quadruplex conplexes of the 1invention. 18 JAN) 29N
2006 WO 03/010326 PCT/1B02/02791 In certain triplex and quadrupl ex

enbodi ments, each nucl eobase binds to one or two other nucl eobases. Thus,
in additiWA%YH9%he traditional dupl ex Watson-Crick bas@CEaBR2#2@nd t he
dupl ex honol ogous base pairs described above, such 5 enbodi nents include
the followi ng Watson-Crick base binding triplets: AT.A T.AT UAT,

T ALE U et b G G B 2

ot her i oni zed gem es, of base) W ng u
triplets: AUglpobgser hinds L'J'°A°n? erAtwsa\ pEler yuplgobgeeg.C Mhuandior C C G

(i ncludi ng adEti6n tNdher tmlabhan i lekCHat SRLLESk HaslasLlrs TRMS, N
certain quatqlrupl ex. enb d| nts wherein the Jorobe i.s defined as a_ dupl ex of

a first and ¥ sECBRT stTMPACHREE « heset aPyes | deEETIRR ARO¥edupiieR of a
third &nd eenboddnentst r imcludes tile |ifolhewley ewktdont- ckhéek bases mndllag first

and third sglrﬁ,rigg%aal SQ Rk ndqt ,leacg z'etc’i[hsecon gr{a{ﬁl on, tlg.)U, ta%ctge bi ndi ng

bet ween opp05|ng ses of fhe ir'st i ndi ng
bet ween opp¥sl/Rg Hases of inHadingr *aleCf oandfor sﬁnand@heandlc(m)zetihe

bi ndi ng betyreA8PPOS Nhdadsesami/dhetne0 £ARREnGNhIRIEL LSt rH%%QS In

certain enmbodi nents of _the trlpl ex. and quadrupl ex” structures of

i nvention, TOPHERBI ng BefuedcE df Baldy i T Uc‘ont%g‘héhs Wi & Fl‘warFDtGdér b| ndi ng
sequenece of artkiees . C ;that (sncludiage ace:@t kaagdr t Bhge SRR alshisdenands.

Al t hough fOJcCLthg f:%r; mati ons and the like (e.qg., hairpin turns, etc.)
are W thinghe scope ) the invention, folded portions of a single strand
do not nake theThesand ceubdimmyuedriyziexorvbodineated vhereim nhenpacde t hree

Spharate sHAMEICRI Ghpoly e J DL 100 O SLELAPIL-Ra e hEkY 00 20
Hoogst een bondi ng or uar for rarl nt ehance
structure, ERAHISE UG %(j’segeéﬁ ibcﬁﬁﬂlﬁﬁ af g ghicd@e@nd a fourth Strand

16 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

20 gecond 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

25 conformations and the like (e.g., hairpin turns, etec.} are
within the scope of the invention, folded portions of a single
strand do not make the strand count more than once toward the
minimum of three separate strands.

Complexes of the invention preferably do not rely on

30 Hoogsteen bonding or G-G quartete for maintenance of the
complex structure, although Hoogsteen bonding and/or G-G
quartets may be present. That is, complexes of the invention
are preferably substantially free of Hoogsteen bonding, and

substantially free of G-G quartets.



gquartets may be present. That is, conplexes of the invention are
preferably substantially free of Hoogsteen bonding, and substant18l UAN 200Ge
of GGquartets. 9 1 9 JAN 2006 WO 03/ 010326 PCT/1B02/ 02791 Each strand of
the conpl ex i ndependently conprises a nucleic acid having a deoxyri bose
phosphat e Y& © Wb@ phosphat e backbone (e.g., DNA RNAPCHEBA02BhRNA, r RNA,
t RNA or cDNA) or a nucleic acid analogue. Preferred nucleic acid 5

anal ogues contain an uncharged or partially charged backbone (i.e., a

backbone havi ngggaesghaigs &h e i 0 e
backbone) and |Engl ude n ° P‘%Aen &or&ﬁe& gﬁo‘Féi ?grll%snt&lf?bo | ¥%?%\|Qre free of

PNA. At | ea®tcleifor i Sieting cérrpfiéRxY‘%ibP§6I apkaspbatiei f Ped, ribpge
artifici aI mo@yateasamma Sycrale] ﬂmx KNAG AR, BARGA, tMA¢0Em&Ae>6rI s a PCR

anplified pr[ﬁﬂH The co ,Iexes Cﬁ e invention can_ be sent

sol ution, o &’sdfi d sﬂBﬁ:g%) i B0 PR vi FEFREPTTRE sPHTIES S aff} The sol i d

suppor § canarbaeloeheet cowts diny ammluharge&i (& artialbt etargdée) baxtkbone

non- conduct jv I My o] es ' 0 pped or
W&, 0 B, &3@, gsgm% Rn&fha REe OB LEALL Y [T

sequenced after 'bein | ongat e = 8,147, 198
and 5, 720, 98- ive DMR Qne)ZO a@@n’él’-@%@?:oﬁ ¢ he PNAverd iLoR. caﬁ?\elb'@ipr ovi ded

by a net hodemyciRELSs Nre Fdde YOI Ng @ hybridization mxture conprising a
target containing a heteropol Kmerl c target sequence of nucleic  acids or

nuclei c aci d an&FodfR%; 2 HFEBER cOntdienFREPLE Hét EFSIIafmePREL Pedhe
sequence ofarticlielgl s Gynohetiis! e| c 25 acid anal ogues, water, and a

buffer; and (b) |ncu atJ, ng sai d br|d| zatjion, mxture for, an i bati on
time effective t0 '&t?d'i %% sal d ]ftéPBpo?{/ngP?c APyt slgqu%n%g:ﬂt o said,
het er opol yrmmldfpe@mrqﬁ@quence to provide the conplex. The hybridization

m xture can inclyde é‘&&bl%%)ée%f ON@e §9vé’£?t‘1'o&{m Ea(}?‘Mbet 0 9§se°rw t%}l' e for
preserving nucl eotides.” See, e.g., Sanbrook et al., "Mlecular oning: A
Lab Manual , gsolution, on a solid support, in vitro, in vivo or in silico.

15 The solid support can be electrically conductive (e.g., an.
electrode) or non-conductive. 1In addition, the complexes can
be optically mapped or sequenced after being elongated, as
taught in U.S. Patents Nos. 6,147,198 and " 5,720,928 to
Schwartz,

20 : Complexes of the invention can be provided by a method
comprising: (a) providing a hybridization mixture comprising a .
target containing a heteropolymeric target sequence of nucleic
aclds or nucleic acid analogues, a probe containing a
heteropolymeric probe sequence of nucleic acids or nucleic

25 acid analogues, water, and a buffer; and (b) incubating said
hybridization mixture for an incubation time effective to
hybridize said heteropolymeric target sequence to said
heteropolymeric probe sequence to provide the complex.

The hybridization mixture can include any conventional

30 medium known to be suitable for preserving nucleotides. See,
e.g., Sambrook et al., "Molecular Cloning: A Lab Manval,”
Vol. 2 (1989). For example, the medium can comprise
nucleotides, water, buffers and standard salt concentrations.

When divalent cations are used exclusively to promote triplex

10



Vol . 2 (1989). For exanple, the medium can conprise nucleotides, water,
buffers and standard salt concentrations. Wen dival ent cations 18 gANS286
exclusively to pronote triplex 10 19 JAN 2006 WO 03/010326 PCT/1B02/ 02791
or quadrupl ex formation, chelators such as EDTA or EGTA should not be

i ncl uded iROPHBOZ26acti on mi xtures. Specific binding bet REEFABBMAI ement ary
bases occurs under a wide variety of conditions having variations in
tenperature, 5 salt concentration, electrostatic st rengt h, and buffer

conposi ti ONgy ﬁiﬁﬁ% fe:?ffrotrmgt?.?or%?%ﬂé{%%ﬁpgp [Q?st %g'g% CaEGT p%gé(ﬂ'&g them

are known in ti1on
09/ 885, 731, 9% heginghades in) reep‘s'é%srésctummdl tions particularly suited

for use in this spayenid Qﬁndi.ﬂgwtw&enr@amlbka@w&ﬁﬁaawp%&mlﬁi&% whi ch
are unstable  .or non:existent pH | evel's above about 7.6, the conpl exes

of the i nvEnFiSnVarist o5 gon °&5v\ﬁ’ﬂé‘nﬁaﬂ§;’élad‘fl°ﬁﬁ tRVErRerangrer abl y
from about gMltS toormeatirapitr). Glptesesatdfe ti‘ntrleﬁgam,t | Oand anbeEepr ovi ded

for anal vt ompcledbA0NOSLGuLICLADEHLLS 2OULPLoERILpECLLIg RUposes. The

conpl exes can be used to ana di aghose an “%ns
associ at ed #WRlYyingf chen @tﬂrebynawn drngam smtor Quy u@penimg &F.§anParandr Vi r us

can be quanfidiatcadiohf NQeS'o"s%‘es Gaqpl %)fl.?f.édOfJuth2an§|aBﬁ.0nd?§91&%sfOrrmd

under 20 conventional hybridization conditions, under tri
hybr i di zat | SYPEGHERE | RAFELCUhRErY FyABed iy uAg bt &Pi&t#%nté%dl tions or
under 1oondi ti onwnbiké Nmaiy mobybfééii-kgbéoaomﬂlte&es; Swil @ eeednbtdiieconpl exes

be forned al,. g temperatuyre C to,_about 55 out t hour s
or less. In25%erta %e%m%d?rrlrelrﬁv? °Ven8‘88‘étt 0 oR t%‘ﬁe ‘i°§‘PgF’é?Se ggl y | ess
than five ntlmut é:svereu@n Frer osjmbﬂerrmeatwenideorngmger efCipiDnletdl®eS are not
required, b ef’é}ggﬁgtf% fagguy&ﬂ_{rg gél m%sPﬁcr? nost cases does not

t I n

adversely affect e conpl exes ast g times of the conpl exes of
the invention céRMPAR¥esnaththe imenhion Fhdeer PrPHEdery formesahddessary for

Hoogstieen baidthos€08P! @reFapeutic and/or engineering purposes. The
complexes can be used to analyze, diagnose and/or treat.
conditions associated with infection by an organism or virus.
The organism or virus can be quantitated, if desired.

Complexes of the invention can be formed under

20 conventional hybridization conditions, under triplex

hybridization conditions, wunder quadruplex hybridization

conditions or under conditions of in situ hybridization. It

1s preferred that complexes be formed at a temperature of

about 2°C to about 55°C for about two hours or less. In

25 certain embodiments, the incubation time i1s preferably less

than five minutes, even at room temperature. Longer reaction

times are not required, but incubation for up to 24 hours in.

most cages does not adversely affect the complexes. The fast

binding times of the complexes of the invention contrast with

30 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

1



The promoter in the hybridization nediumis preferably an intercal ating
agent or a cation, as disclosed in U S. Patent Application No. 09/9% 18N 28,
filed July 10, 2000. The 11 1 9 JAN 2006 WO 03/010326 PCT/1B02/ 02791
intercalators are optionally fluorescent. The intercalating agent can be,
e.g., a fIWBPHE6e, such as a nenber selected from t h@CFABP2VONSI Sting
of YOYO-1, TOIG-1, YOYO 3, TOro3, POPO1, BOBO 1, POPO-3, BOBO 3, LOLOI,
JAJO 1, cyanine 5 dinmers, YOPRO 1, TOPRO1l, YO PRO 3, TOPROS TOPROS,
PO PRO 1, 1, P

O i, 1 BERRNCED LD oo BOLETD AL 0B L 3 FiRcguan e
et hi di um dePPSRl i SASS Peacki-8i ned Haorapkere oPuaheas a%r‘h%ﬁb%f aeitmd ves,

et hi di um acEi-éh nﬁw_é”leﬁﬁfu@dlcﬁﬁélst:bﬂgeb@ dbyidnironeasl de, vewgi, dirgfp ipdi de,

SYTO dyes, Ge SYBR dye Pico Geen, SYTOX dyes and
7- ani noact i §§E€c]l n %%BOS}M t aEe- %au%ﬂ%’ “Encl M- Le. g909%dnov S¥&Rat i ons,

such a$ Na' dipewxsf,ervabProat, aroctpno»am,t nm-lpno f 7O prdLI 0 ROGROM, po-

KK( pr ef er ab a.£o ratj.o EFgl\/l ) 200 nd 5 er alkali
metal ions; Egl \alfal erllat% gg§|n{0n5 ﬂosglé Ys & %é)n% eal Roa:t Jg) ﬁgs( , Mg+2
and Ca+2) afidaRingal @anomermsi etliiumet bironiidas (%tlgdluwwg:momme; JCd+2 Co+2

and Zn+2) ; eBRLIIGAT heRSa1MaVhNlethRQah tdMa vEATLE %fcrét&lﬁeeaahriél{r?ee such
as Co(NH3)6+3, trivalent spermdine and tetraval'ent spermne. Ni+2 is 20

pref erably BFW%eoa%ﬁld&nEoﬁééh‘far%tvieén SFhABHN-EETUEIAR MRferodiner,
pref erabl y Btm/d.:dﬁdmahoﬁzmI)Cﬁﬂ&ﬂmlhani&&idféQnMTd) AeBM syHN tZebs preferably

i ded at trat nbodi pent +2 ‘and Mh+2
B e provi defPh ekbi hart ret PVl G a B DrothF et A ohm cach. S

each ... 40nM edbiitaBbe (¢atsionslidfludd, cach). MVammtcan‘locat i sm:radded to
the nmedium g which, Lhe aﬁ%méte&fé’é depends a0 & ?5 fﬂ&)t Ors
i ncluding the nature of cation e concentratl on o pro e,

concentr at i Sn(RseLesrst 2t ha rﬂoé%ﬁ%@tépnad’él t4% e Eat P8RS0 a"ﬁdi t he base
cont erfs of bbﬂeﬁrﬂﬂ%liindnettaﬂ.g@bns JTheirneher egeiorat iRlnCARCcankaaidons and

m xt ures can rt?llft J.ggsdkscq\,/e{/lg‘q and Ca*'?) and divalent transition
metal ions (e.g., Mn*?, Ni*?, cd*?, Co** and Zn*?); and cations
having a positive charge of at least three, such as Co(NH;)¢*?,
trivalent spermidine and tetravalent spermine. Mn*? is

20 preferably provided at a concentration of 10mM to 45mM. Mg*?
is preferably provided at a concentration of 10mM to 45mM.
Ni*? is preferably provided at a concentration of about 20mM.
In embodiments, Mg** and Mn*? are provided in combination at a
concentration of 1mM each, 2mM each, 3mM each ... 40mM each
25 (i.e., 1-40 mM each).

The amount of cation added to the wmedium in which the
complex forms depends on a number of factors, including the
nature of the cation, the concentration of probe, the
concentration of target, the presence of additional cations

30 and the base content of the probe and target. The preferred
cation concentrations and mixtures can routinely be discovered
experimentally. For triplexes, it 1is preferred to add
cation(s) to the medium in the following amounts: (a) 1omM-
30mM Mn*?; (b) 10mM-20mM Mg*?; (c) 20mM Ni*?; or (d) 1mM-30mM of

12



experinmentally. For triplexes, it is preferred to add cation(s) to the
mediumin the foll owi ng amounts: (a) 10mv 30mM Wh+2; (b) | Omv 260rgVuMy 2806
(c) 20mMM Ni +2; or (d) inmv30nmMof 12 1 9 JAN 2006 WD 03/ 010326

PCT/1B02/ 02791 each of Mi+2 and My+2. For quadruplexes, it is preferred to
add cati onV@P3¥PWMhe nediumin the fol | owing anounts: (@CTIBQYAMASTM Nh+2;
(b) 10mvt 45mM Mg+2; or (c) 10mw 40mM of each of WMh+2 and Mg+2. 5 Al t hough
not required, other promoters include, e.g., single stranded binding

prot ei ns SU@:BCHSOReﬂn*A Bh@t RG17, T@‘orgﬁﬂgdﬁ%lg gLeify % fer§
stranded bi ng 83 rot rrt:ral{or or, mnor nuc el ¢ aci oove ndp ng

pr ot ei ns, Coadipnt dpcihat £atlanipst @ﬁ‘@é@t%uch("a)s

acti nonyci nlDJmMitﬂinwsun&I enb) armvaagal iMg*h, o2ueh) fAmiM-kbalk i J¥d LBRASNL S Ay
prove usefylai g, gégéﬁrre operating conditions, for exanple, under abnornal
pH | evel s or extre y hi gh tenperatures. Oertal n nmethods for providing
conpl e¥es of thetlithepghi evtarequinedict ethex npi:dsmotabrserheﬁ:mae,pretglﬂ :

Promoters, §ueh aSeBRmabaandhing 1hraldich LREAMELN g ns., The

invention provides a rapid, sensitive, envi ronrren? Iy Pffénﬁy,w‘and safe
net hod for H88%yPfAg PrﬁltﬁéﬁlngE TIfeLi n\edRel ¢ e shnardedc dritséngs edoteine. g. |

identify acapssidd eninegi susidie hekdeghdyvel %@ﬁaﬁf‘g %%H@ﬂ?@s vib@oddh
determnetgg nu mat ¢ ed base pairs in ybridi zat1 oh conpl ex,

and to map genorfdr?é%l?ﬁ%ll EREF VRS2 FYPHAnCEH| ?uﬂbtaécﬁgt’crf?é‘yﬁf‘%s%nce of
speci f10c pr pberalangeandi arjeddeibut smlchOfwﬂWtdESng]Lt@anbﬁts Ry Bhéve

quantitativggiaforpat i ' e _na of interaction between a
probe and target. ﬂﬁ QE'r rﬁé%q & “Shabt igosnst'hgt%ﬁrae&almf’?%he}m o

di sti ngui shaBaRi La H?erlfeéft?ﬂ-s marclkxtremediye Habe tpmperatizwat chceatdim base
pair m smat gBthalst ko@eprHAUE ng At smdTeRHB & th@ ONFeRASE RAL ck?gxﬁ{lgééd) 0, 8‘ two

base pair elehlon and a three base pair deletion arising
sequence i n*Bh&"80ABPERS r 3hdBECHH Gh PTOMCERHR o4t arrieBeprbbandnl in a
sequende i nother deabhkisttiandpdotsinsi. ngl e- st r anded

The invention provides a rapid, sengitive,
environmentally friendly, and safe method for agssaying
binding. The inventive assay can be used to, e.g., identify
accessible regions in folded nucleotide sequences, to

20 determine the number of mismatched base pairs in a
hybridization complex, and to map genomes.

The inventive assay not only detects the presence of
specific probe-target binding, but also provides qualitative
and quantitative information regarding the nature of

25 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
bage pair mismatch, a one base palr deletion, a two base pair
deletion and a three base pair deletion arising between a

30 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.g., optical, fluorescence,

13



target. Enbodi ments of the invention conprise calibrating the asur?ﬂ
signal (e.g., optical, fluorescence, 13 1 9 JAN 2006 WO 03/0103 JAN 2006
PCT/ 1 B02/ 02791 chem | um nescence, el ectrochem | um nescence, electrical or

el ectrorrechanl cal properties) for a first probe-target m xture against the
same type B ¥4I exhi bited by other probes conbi ned PARABI2(02A1 same
target, wherein each of the other 5 probes differs fromthe first probe by
at | east one base. A calibration curve can be generated, wherein the

magni t ude O&hdnig ama&weeﬁ I gagd ’ '
function of q@fgl ndj afef$| nit c%ﬁc&gg%ﬂ% getggglgég &%garrio%a)l ,&s%

bi ndi ng aff‘ie °p&t atlhBr‘P Fsénﬁfraalélﬁ?%rpépb?yt%ﬁgeﬁl ixuxet probes
vari es w t hagdimagurdier sme m@wtdﬁleﬂ@ﬁ&esexhtibgtémtyyeogﬁeg herdBezmat ch( es)
(e.g., AG g 5C Y not i f the |l ocation
of the msmatc (é es V}ﬁt |tnh%t h%a“}:eo t‘-’freci?sz et“'&‘er""f“'t’ieeé‘ggaffof')hteheo thetyvent i on
can be usedPJEQPe:@eéEléﬁ%@ tfhfemttel’reg@u-rstifpﬁqbeehjaoa:h tents ortehbasegnal measur ed

can be the flugresgetrdtIbBNSLEM LT @nf | KOT cl he test
.sanple. In such enbodlrrrents the bin Pngﬂé;lff %%gt%é] m&gﬁg?h ttﬁlr obe and

target can TRIHMEEtPY the megetzes) gigerl deaged ﬁ/ih‘-ltoﬁesct-'d!ré'- intemsityy,

dependi ng ofe Meﬁmlbheof | tiey QERGLE By Sd KR 8y 2 e i Fhaathal: (}t hingugh
si gnal quenchl n lifi gat i on. Uyd sel ected conditions, the

f1 uor escent PX 355 ensf\?y §8n§’r1§‘gg’69 b ?’rﬂlé:rycé?eét‘”ieﬁﬁ &henttargah BBddifrect |y
correll@t ed miutrlprpbestt adyeferenndi mpbakf i vidips wWhEdteaghé haumbet ergi ty of

preferred ephodi. EEQ&SRQQQA OVi2g n%.ta% nQR- k:ﬂé efnzc.:éarrlta%tclhgggi gg\/ﬂ Eh%r

covalently bound to t r‘obe” can be rnversely cor
probe-t ar geY® bi#&i&i H§- 'Elfcf ivifi-t §:CTIRECE| dor ee dhiC mpt efisi thheddoca@isas f or

non-i nt er capAtuHROmi At 21B8Y 69i A3 nt e %@@gxofet@t Cbﬁé‘%ﬁﬂg? %f +pn€ anount
es) be

of matches ys. m,smatches and/or the types 3 m snat ¢ tween the
probe and t HFGEREIPACTHLDEs U o BpayRtFeobhe %F-‘?g&ﬁge i ncl usi ve of 0-2

m smati8hes and/ dn embodiments, the signal measured can be the
fluorescent intensity of a fluorophore included in the test
.sample. In such embodiments, the binding affinity between the
probe and target can be directly or inversely correlated with
the intensity, depending on whether the fluorophore signals

20 hybridization through signal quenching or signal
amplification. Under selected conditions, the fluorescent
intensity generéted by intercalating agents can be directly
correlated with probe-target binding affinity, whereas the
intensity of preferred embodiments employing a

25 non-intercalating fluorophore covalently bound to the probe
can Dbe 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

30 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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del etions, nore preferably over a range inclusive of 0-3 m smatches and/or
deletions. 14 1.9 JAN 2006 WO 03/010326 PCT/1B02/ 02791 The invenf%qﬂ%b 0
enabl es quantifying the binding affinity between probe and target. gun

i nformati ogn _can be valuable for a variety of uses, including designing
anti sense UP&YL932% t h optini zed bindi ng characteri sti cs PCHBRA2WEsay of the
I nvention is preferably honogeneous. The assay can be conducted w t hout
separating free probe and free target fromthe hybridization conplex prior

to detecting theenagRhEish Oénatﬂlpes”%%%r:]@ﬂ/iﬁggr@e' b‘i‘i{ﬁifﬁsé!f&% hot
Il owm ng a great

require a gel,_separatjon s eg, t hereby a I'ncrease in
testing throu PTERanfPE at? e tanal Spses iafermallpn eannke aveinakle.
Consequent | §ot he bantiety 6fsayesavatcladih§t dobidding andiSsRANSHBugaNd can be

easily aut o&mlgrgql tirﬁf'zreté]%rixqgﬁ%r#ﬂafgﬁgblleﬁa%?%.nd' ng vari abl es such as

buffer, pH, nrc-concentra I ncubation tinme, relative 15
concenfrations &hepresbeyand tthegeinveagliencés, piraferadlatiphogansaant rati on,

I ength of t'ﬁﬁegeéss%%'é?ﬂcﬁé’ céﬁl&ttgdotviﬂ{oqp;eseﬁgm&%§aggggr (r)]ezgfxi_n e

cofactor (i._e., pronoter) requirenments 1o be rapi he assay
can be condtf®edarAet ef¥Pm thesBybriddirafieoni gpmple20pwetd tor detegtdoannel , on

an inper neathe GaHfi208e0bIONNd mRa8GheP. sidhader t athk eXRY MRRLS nothe target
is provided_in ., the hybridization medium before the grobe, and the probe is

provi ded i n dEhydr at e@ For TRFPE1OR 0 SFERy drEREFBRY hypLdBWtngt @ WhSRtt he
hybri dPzat i orereegeunn 2fedtingethavuglgdeodi NpudithBevd NydTlyisee assay i S

the probe. TRE v REREIE 2 Solp R iy Phe e 2PRer T B b or o
assayi ng. |1°% s ofurpiissi 8gdt hertrerise, | ramsnt oas ey eeadllbeentatrted. o
speci 1 cal | yuAtaiohe! MORMLKIE Iitiddling! (1A%e300 uafliadpbexes, Yerein the
I nteraction, between the probes and targets Is based on tson-Crick or
homol ogous b%fyé: concentration, temperature, incubation time, relative
15 concentrations of probe and target sequences, intercalator
concentration, length of target sequences, length of probe
sequences, and possible cofactor (i.e., promoter) regquirements
to be rapidly determined. ,
The assay can be conducted in, e.g., a solution withiﬁ a -
20 well or microchannel, on an impermeable surface or on a
biochip. In certain embodiments, the target is provided in
the hybridization 'medium before the probe, and the probe is
provided in dehydrated form prior to rehydration by cortact
with the hybridization medium. '
25 In certain embodiments, the inventive assay is 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
30 been able to specifically assay heteropolymeric triplexes and
cquadruplexes, wherein the interaction between the probes and
targets 1s based on Watson-Crick or homologous base
interaction (at least in the sense that A binds to T (or U, in
the case of RNA) and G binds to C), rather than the very
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interaction (at least in the sense that A binds to T (or U in the case of
RNA) and G binds to C), rather than the very 15 1 9 JAN 2006 WO D8/ 040216
PCT/ 1 B02/ 02791 |im ted Hoogsteen nodel of conplex hybridization of, e.g.,
Pitner et al., supra. Suitable targets are preferably 8 to 3.3 X 109 base
pairs Ion‘ﬁ?"%{m&’éan be single or doubl e-stranded. 5 Prd684BQ02t%e
invention are preferably 2 to 75 bases long (nore preferably 5 to 30 bases
| ong), and can be single or double-stranded. Thus, suitable probes for use
in the invemhivel a8sktebs! Wd8e1 € od- - ) raiS3 NA, dSDNA,
dSRNA, DNA: 2 Vb o QS PNe PNA:O%NA?"E?EIF'\%Ad?%c?%? g@"lgf’si RgPe’ and
doubl e- st rand ﬁe%f(’fl B¢’ &4F8-and nucleic acid anal ogues havi ng unchar ged,
partial | y- char gethitablarcqesphate pratdtpipepibde, Dackhonsse &ngrg ength of

the probe cag.be _ selected to match the length of the target. The instant
i nventi on doggg’ndatn%r gqﬁibree Btiﬁgf%s%r cSiPugll%'srt%GPS%\%ti ve probes, which are

hazar d8us, tedi di¥ebgsdof tihee igvertitnngre pureferabhd 2need7s ddsescbasd ant | y
regener at ed mofl QbRSEeBhnthes BYeBbl ABoAl e1gLsT gl vagale Loouse and stabl e
e nmade or

for years. Accordingly Cgr obes can ered in érrl%ee qlanti ties
and stored. d?’ﬁblﬁTétEéﬁ‘i’ﬁ X | sTRYRf ecabEgbkiet prokes byfoy chemgéni ntle | east

one | abel . Theemfivieeasbapnmmdiabel &an bassihacind bepyd ha.@r olgp@pd/ or the
target, andéo&NcanP&g.P{I{ﬁe)e in the test nedium The at 1east one I|‘abel can

R i BYPREs oodqiid | B ONR hdrcddgh) 3ndat oF RISt one

conpri se at Paast
menberitsel eetegld rand thebly-Gitranaasdi steDel Of agi&Pi dnd abekleid f L& Ophor e,

a chronoph hem 1 t. agent n electro- chem |l um ne scent
agent, a ragfl%%%%e%pgg?’%#e%%%%]edd ﬁgﬁ%ieanﬁy“gir‘la%etdl'b88§a’éﬁ1§‘°ﬁpﬁ1%tbeel ed
anti body. PRRE&TaBPSPtidhe besipbrse 30 The ddemafitecbbytiat pesst @me sri ssion

fromthe | abglededd¥o MEMYH @R Ntk hEBECEHeO%E?&@.ar acteristic of the

conpl ex. The | ab%I ed, anti body can be, e.g., a Tabeled anti-nucleic
The instant 1Invention does mnot require the 'use of

15 radiocactive probes, which are hazardous, tedious and
time-consuming to use, and need to be constantly regenerated.
Probes of the invention are preferably safe to use and stable
for years. Accordingly, probes can be made or ordered in
large quantities and stored.

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.
25 The label is preferably at least one member selected from

the group consisting of a spin 1label, a fluorophore, a

chromophore, a chemiluminescent agent, an electro-

chemiluminescent agent, a radiéisotope, an enzyme, a hapten,

an antibody and a labeled antibody. Preferably, the complex

30 is detected by at least one emission from the label or by
monitoring an electronic characteristic of the complex.

Tﬁe labeled antibody can be, e.g., a labeled anti-nucleic

acid/nucleic acid antibody, which can be 1labeled with a

detectable moiety selected from the group consisting of a

16



aci d/ nucleic acid anti body, which can be |l abeled with a detectable noiety
sel ected fromthe group consisting of a 16 1 9 JAN 2006 WO 03/ 04032Qy 2006
PCT/ 1 B0O2/ 02791 fl uorophore, a chronophore, a spin |abel, a radioisotope, an
enzynme, a hapten, a chem | um nescent agent and an el ectro-chem | um nescent
agent . TheWQBW"@’)f can be detected under at |east one v&CTdB02/0g79%onditi on,
such as disclosed in U S. Patent Application No. 09/490,273, filed January
24, 2000. Suitable varied conditions include, e.g., (a) a change in

nonaqueous fDESHRPAGRE 5 chﬁfB%obﬁ§fefm3“éﬂmn ﬁQLef,CQaEEHiJiQoébﬂ34 Qb the
t est nedi un}é %}%:n) a chan%g in a salt concentration of the test 10 medi um
9 7 Sin

(d) a chan of gantBteY vefit CHSTEhEMSIeSCRRE t e8I dRRf @ a
change i n aelartrercHemtlntiasscait bhent st nedium (f) a change in a

t enperature of t dium. an a change_in chaotropic salt
concentration i Elﬁtgheceé?lé%g’? i Bt g?tné“g)&&i t6RT Fﬁeqﬁﬁ?t’r e‘aneco}‘f’tﬁ"t'ﬁ%on can be
t he 15%appl ferditdenef suckt asrutilsclosedh iasU. 8, gPateite Bppilécatimnemo.( DC

and/ or AC), ophdon~sadi af{ ( | aggr | ), Ofq.. ropagnetic

- force. The sti rrul,uggcangﬁie&{]appﬁn%gr%onz?ént%g&tbr pusluggésf%)etg%%%%n can be
acconpl i she®PHGGHA t ARSI of a9-si ndRk vari eepnesndiini omoneruedwsough a
conbi nat i oncéiipon2dts0Bdi theNsemam&Tuaer i(8) | ¥. Hikyd 6SPASH Ur &he
characteri S\L_Eimct ofe t.he c?)r'spl ex,.in the tesﬁ1 nediumto the varjed condition
or stimul us-¢ah "B& Monf Torfe FEBHete &t SPhE STIFPERAE T OEhEPRCtSSE stic can
be, €9g., wédiomi dd)l x ahdnge avit @noprfar(ic seroaanicostentc iofr eheftest25

transm ssi oped4 Ofychan j ase L.t of, a_signal ropagat ed
in the transn‘#.sdg‘?on(?)i ng %ﬁg?hg tmelstSal ng%? u{ﬁ .dgi tlé%glt 0di ﬁ%n%gl,e ttﬁggstdet ection
met hod conpRedies. ((§) ahaagei by & wingeaptyreomiathabedst wediwhn ande si gnal

is correlatgd LocRhahbediing AbbtAig1: hehweelnsahth-AieRe 1and 12aiha30 target;
(b) varying a,condition of, a test nedium (c¢) detecting a subseci‘uent

signal; andm?%umconpa?!?‘n@dfiFIEl%rf’gn&Pe varied’ condition can be the

15 application of a stimulus, such as, e.g., electric current (DC
and/or AC), photon radiation (e.g., 1laser 1light), or
electromagnetic forece. The stimulus can be applied constantly
or pulgsed. Detection can be accomplished through the use of a
single wvaried condition, or through a combination of

20 conditions varied sexrially.

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,
e.g., electrical conductance or Q (a resonant structure of a

25 transmission line or changes in phase or amplitude of a signal
propagated in the transmission line 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

30 target; (b) varying a condition of a test medium; (c)
detecting a subsequent signal; and (d) comparing the signal
and the subsequent signal. The varying and the detecting can

be repeated at least once or performed only once.
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and the subsequent signal. The varying and the detecting can be n8pga 2bs
at | east once or perforned only once. 17 1 9 JAN 2006 WD 03/ 010326

PCT/ 1 B02/ 02791 The | abel is preferably a fluorophore. Both intercalating
and non-intercal ati ng fluorophores are suitable for use in the invention.
The f1 uor opREVYO24n be free in solution, coval ently boR6dTBE/eMWe probe
and/or covalently 5 bound to the target. Wen the fluorophore is covalently
bound to the probe, it is preferably bound to the probe at either ‘end.
Preferred fl uor e&mentlawéﬂker Ssi Nehrdderdii19t i N 1 RO re, ACT 1 d§ and
fluoresceiny, ? %ers tht fluoresce. when irradiated Wt

exci ting energy 3B %o’ ITC"In At AL BE P FIeRBPETh TRes SPEE"F% e.g.,
al exa dyes, fBEDPW 1dyebe Bnweitnianon] uied eflucBphdrd ec i pee ﬂféébefn

fl uorescein ts cl d| the "ca robes” egon
Green, Rhodg?nﬁggda ee%léﬁ&% %oﬁﬁ&‘ %eed(} EI f&?’é‘%%‘é e of

visi bl & | i gRowes&et éHef'F%Rﬂe@phoWle@ th§5fm09h0r¢ altsi cnva\bazﬁllgn]gdsdnd s

sel ect ed (Dbyor oué i PRobeSX PRY 11HEBL-ak&AIb13N ok CO gge) to
correspond t this ex%%%atlon@rram rrum§'r1o?3 %e t?I uoro&%ore EEI ng used, and

i's preferabfy 20(5”"1‘35e SRPTePeRRAto PRBE RS &Fél‘ﬁi%fhélf’ébilly rhodpminteod to have

an emni ssi onavwaidinengini of 1ui@steid,008ndMothér 2fdNeeberthad eqhgdigmnts, an
argon ion | [ irradiate . the fluorophore wiith |ight hawnga
wavel engt h ?%&g rgﬂ%ﬁqugmﬁ 575 ARS anan?’fq.}'gr esceNttart S si ¥ s

det ect®d i nintexpsdeting 5-D®D!quh¢5€)s ninciTide, agsay, odldxdae dylyenlaomnrpycan be

performed oggés a H‘i&ﬁn Z&n\ﬁﬂbhgéé/ of h L AMGLAL LSS rglyeCJ' uofedegin from
about 2 to a out C. Certain @@pé clart asSayS rBquUITE el avare
¥

t enper at ur e874 éEI%Il ﬁ@réﬁ%"clvéﬁd ing tbhe a%%wd (Mf@he”b’t heredrand, the

i nvention cafedt cendashitk abré@ﬂmérﬁfpéé@t WiFeell (RBLAY (Rieflch e @
t enperat ure Pel ow 25C b| i of the invention is i ndependent

[ i
of guani ne"and Cytog noefo’éréﬁfgjn‘?%l El?’FFé’rtefihEl‘fﬂ’iﬂ?e‘°6?s)t he target. in the
tradi t®onal. W C'Jlinst | excitacionc Gabatengtd r ds selected (by routine

experimentation and/or conventional knowledge) to correspond
to this excitation 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

20 preferred embodiments, an argon ion laser is used to irradiate
the fluorophore with light 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

25 variety of temperatures, such as, e.g., from about 2 to zbout
60°C. Certain prior art assays require elevated temperatures,
adding cost and delay to the assay. On the other hand, the
invention can be conducted at room temperature or below (e.g.,
at a temperature below 25°C).

30 The reliability of the invention is independent of
guanine and cytosine content in either the probe or the
target. In the traditional W-C motif, since G:C base pairs
form three hydrogen bonds, while A:T base pairs form only two

hydrogen bonds, target and probe sequences with a higher G or
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formthree hydrogen bonds, while AT base pairs formonly two hydrogen
bonds, target and probe sequences with a higher G or 18 1 9 JAN Zobe/Atc#006
03/ 010326 PCT/1B02/ 02791 C content are nore stable, possessing higher
melting tenperatures. Consequently, base pair msmatches that increase
the GC coMt®M{O1%R6 t he hybridi zed probe and target regi BEI/EN2029 hat
present in perfectly matched hybrids nay 5 offset the bindi ng weakness
associated with a m snmatched probe. The inventive assay is extrenely

sensitive, the&&mentob}éjﬁti RBrd hesgggﬁg,t ogggggégithC@iggg*i fi ciattiinon of the
S np

target. Fo eexar’r‘gle it is possible to asSsay a tést s e Navi n&' a 10
vol une of abdReT20%RTLr ol | tTASSTURRIY + c ORREF nsPEWOU MGt ¢leer ortdlags of

target and &bosksé0themcanebasen ¢f obies hipviade@Nbsoyd ihe gg}%@tion are
' 9

sensitive e t S targets af a concentration of 5x10-
preferably Jl%?ft%%tl ca%r??gnt%%llg}:i &h %?I&no{n n%?’ég]etcﬁ&ﬁ BRegheah Rrbaiffodavent s of

t he 15%i nve?ffiset atke sbhasding ewemknepls tassenybhoyd pwabRS At ma@smyHeant rati on
of 5x10'9 Myrdyeeferably at a concentration of not nore than 5x10'10 M It
shoul d go without saying that the foregoing values are not intended to

suggest that thd&fet HyFrtévansesaet ekt iekghenelypneentitbitvieonsthedebyhe rati o

of probe tootiwRgehg | thepbebel @dlopnabotitck: dmb i 1200 0, 0L Al ke certain
prior art apsosrayesx,amtpge ipvention not only etects the presence o
(es

hybri di zat i on (12&2:Sphi hdli i) EoHaPLe af P53V idd &5 §uarTeEa WA iagda
quant i@ at i veoliumeoremt mbau25 20egaidiodgtéhe, nahusle ebnbiivl ngbb@t Wwegn a probe

and target. he d n [.on abl.es the practitioner to: (a) detect
t he presencfeem-(g:1ta h{té}%l%étg)rf etygﬁétt hgggesaibor%diﬁ% f(%Bg:O‘H%]teech alB e or

het er ozygouEhpdinente ¢f the irvepdtion(erequansitiatee erdught aogetssapd) det ect

an extent ot gpl epengarddnehtFfudiRg o of pi ngdi ' he WC notif)
or honol ogouaslﬁgsséi n the cgse ofl bi ﬁ%i n?:'g% thl\g' hg%‘r?)%o%%&g n%tt i %) bet ween

the probe atRPCPRERtIF YA, "ohd™% thePekIfap|t yfgbodiments of the

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

20 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 gquantitative information

25 regarding the nature of binding between a probe and target.
Thus, the invention enables the practitioner to: (a) detect
the presence of the target in the test medium; (b) detect
allelic or heterozygous variance in the target; (c) quantitate
the target; (d) detect an extent of complementarity (in the

30 case of binding in the W-C motif) or homologousness (in the

| case of binding in the homologous motif) between the probe and
the target; and (e) detect haplotypes.

We have noticed that duplexes which complex parallel

strands of nucleic acid containing complementary base
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VW have noticed that dupl exes which conplex parallel strands of nucleic
aci d containing conpl enentary base 19 1 9 JAN 2006 WO 03/010326 19 JAN 2006
PCT/ 1 B02/ 02791 sequences bind to formtriplexes at a different rate and
bind as a culnination of a very different process than do bases in a
doubl e helYR¥YPREd by nucleic acid strands of oppositePCBiIBRGIPbNal ity.
Strands of opposite directionality (i.e., 5 antiparallel strands) readily
present regularly spaced bases in a planar orientation to the bases

OppOSI @ W hdBkBbgBhindackbang ClihakLbof JTHAr¥BILAUSEQTRIPYSRAO the
a heteropoly

I nvention conprise a probe containin ro meri c probe sequence of
nucl eobases?® T HABLBREIRIc PEoBa¥era it sgent rrrgess tthegedo cerresi ARng a

het er opol yner deublar gré1Seofmea Oy Nid129basesqaRdifias neel €e

anal ogues. The I is synthetic or purified in that at Teast one of
ei ther the %lrro c%?.ggaf 't arééfa’?‘i‘g ggnPBE‘P?jcteordjp‘iﬁ"f“FP%ﬂl.lt'Yhe(ibﬁckbone of

t he prbbe iantdptSatibekystdange) phesptiyt ereaekbonegauehyasphidedd¥isear a

peptide- i ' or..1s of sone other, uncharged or
partially cﬁgrQggk%ﬁ%ga%\%ﬁtg%éﬁpg%?%eﬁ/ R ‘l”htl't‘:e“r”trﬁ'imﬁg

embodi nent sPag: _nﬁr@%ﬁ%ﬁéomarget are single- stranded and the conplex is a
dupl ex. \Wen Sawgepﬁggfo@(i:omggei@sf AR e 1avEMP X ctoﬂsi‘i;gi\ée 43 allel

di rectionali tr}/ with W.C conpl enentary or honol ogous binding, or have

ant i par al | ef°TEGFPERT | Bn IS EY RPN R0IRFGEEs WRHERR). ©f n NyEHRAPaE/Bodi nent s,
ei therot he gndlee onutheiaaegesndlogusknNgl &ndt kandeggeand doheantiheyr af said
probe or t | 5 .doubl e-stranded and the resulting conplex is a
triplex. Tﬁilg%%&(?gﬁ%) e?rlfanq‘_baer rrtee THEUPRES IR ceﬁuﬁbﬁc’%%?gdi naé'ﬁi(/g,r t he
triplex cormudlesbase ratadiogpes y nEhieccanmies sequerthet parad pekified in

het er opol yngfdic af anQgke SeEenGe, o WRECT hd he het egopelymeri g pr ghe
sequence is 30 bonded to the heteropolyneric” target sequence %y honol ogous
base bi ndi RYTEHePAE s OF- Piifiednpl embat doagkbere Bf ndieg.prgdbe ck¥tain ot her

emboditsent sqedxye iBEsE €I SHYPNERE | BadiRNe SEEMEAEEIn 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

20 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 1is

25 double-stranded and the resulting complex is a triplex. This
complex can be free of PNA.

In certain embodiments, the triplex contains a
heteropolymeric probe sequence parallel to a heteropolymeric
target sequence, wherein the heteropolymeric probe sequence is

30 bonded to the heteropolymeric target sequence by homologous
base binding or Watson-Crick complementary base binding. In
certain other embodiments, the heteropolymeric probe seguence
is antiparallel to the heteropolymeric target sequence and the

heteropolymeric probe sequence is bonded to the

20



is antiparallel to the heteropolyneric target sequence and the

het er opol ymeri ¢ probe sequence is bonded to the 20 1 9 JAN 2006 WDS JAN 2008
03/ 010326 PCT/1B02/ 02791 heteropol yneric target sequence by honol ogous base
bi ndi ng or__Wat son-Cri ck conpl ementary base binding. In certain enbodinents
of the triPP&8¥Apl ex, the target includes a first stPEMABROAAI ni ng a
het eropol yneric target 5 sequence and a second ' strand containing a
second heteropol yneric target sequence that is Watson-Crick conplementary

and anti par ﬁéf@ﬂ'oﬁtﬂgﬁﬁﬁlé iﬂa?crgehegg%%ggg g?l‘ hgm%fo%{pg ?Q%q%grﬁg The

het er opol y sequence i s et eropo?yrrerl C
t ar get squgﬁ%%orgfrﬁﬁﬁo‘l’ e’i@%’a?@%oﬁ’e}ﬂi@gand is also bonded to the

second het er opol Immeeireai aemg;ea:.tsai:ﬂbela@etlbé/ AL eR-dInbtkx C Al aBHdary base

bondi ng. 1In; iI_n ot her .enhodi pen the triplex conplex, the target
i ncl udes a f'llq?:'{s%d%stranp J‘Z:%n?% ﬁec8n'ﬁae1[ W8 & ﬂﬁ’éFFePMﬁ@}eﬁéF §8¥¥fihce and a

seconddst r aREdwNTEai nang aasecaen'bnlB hetear@pol yoetdifingt araget séespence t hat
IS Wat son- Cpi nt d a raII tothef
EsorBRLEE %g¥%@@ g%&? *’ytfrerl & pr é’ “Baftitfte is

het er opol yneri c "tafget sequen erop
bonded to Fﬂg’lfq“\%{:aﬁiét é?@pémﬂmaél?hr get theqiémse bytaMipedpmérick

conpl enent ataré&s%ea‘@&%@g and Fxéte@:lo§91 %d L&d @%gﬁ%&&ans Bonde
het er opol yr’r@rl Elé‘ :fget Sﬁguence %@hono ogous base b In“certain

enbodi nent s, Bat afG PR ALYPGELC aFRTI0 LBRBISECE afde RoARYCTPIE
resul tng cbéntpé é;onldsna s dirsuplles. bordduds te0dRé e daR Hetéxfo%w%eﬂ\% I'n

certain enb n £ cont ai n neric probe

sequence pa?%I'LSfEEI tE'\S"Fuantl pgag‘lg‘#% ;églgk %ogpgfgﬁ%ﬁ%;%s?%e%p g?gsequence

wher ei n t he het dPogsryait iathepgr ebkodiagneacet | shebamdptiex adnbex, the

het er opol ynegidett airﬂﬂhde§egu%'19§t bMtJE'-&HH" é&%‘éin?z?iﬁ bggg J?%g?%mvm son- Cri ck
e

conpl enent ar%/ base bi ndi ng. I n such enbodi nents TEx conpl ex
contains a FITER" pPRBEERGEr afftf cont BETANYg seand h@?@%p@h&n@rl eemrzﬂoe

sequenée anteteropolpdepidbetatdend se@idmidi Neha: S€gand RRLEROBR Weri C
probe Sequeg&r?pleglagtary 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
20 heteropolymeric target sequence by homologous base bonding.
In certain embodiments, the probe and the target are
double-stranded and the resulting complex is a quadruplex.
This complex can be free of PNA. .
In certain embodiments, the quadruplex contains a
25 heteropolymeric probe sequence parallel or antiparallel to a
heteropolymeric target sequence, wherein the heteropolymeric
probe sequence 1s bonded to the heteropolymeric target
sequence by homologous base binding or Watson-Crick
complementary base binding. In such embodiments, the
30 quadruplex complex contains a first probe strand containing
sald heteropolymeric probe sequence and a second probe strand
containing a second heteropolymeric probe sequence that is
complementary and antiparallel to the first probe seguence.

The target includes a first target strand containing a

21



conpl enmentary and antiparallel to the first probe sequence. Thggt %g%
includes a first target strand containing a 21 1 9 JAN 2006 WO 03/ Ug
PCT/ 1 B02/ 02791 het eropol yneric target sequence and a second target strand
containing a second heteropolyneric target sequence that is conplenentary
and anti paV2I%/8103365 the first. In such quadrupl ex enbodireEmBe/o21ne

het eropol yneric probe 5 sequence can bond to the heteropol yneric target
sequence by Watson-Crick conpl enentary or honol ogous base binding and the
het er opol yneetg u c .onal .y _and additional l bond to the
second het er%%of?%?ﬁ??‘gr ggfgeeste?t}ee‘%%éb%yanﬁoﬁnlsc?ﬁ ﬁg %Iar%% s%th"- ck

conpl enent af§RbAddngi fdi fRFondo heeerarolypetic thneet \weanendwe tietteriepol yneric
probe sequerempldrentsry Cadd1@nbefAR) V¥R he Erfet sequence by honol ogous
base bonding, t het er o O@ég‘f“ c prqobe sequence optionally bonds to the

second het er opol VhéM® ] %’éq‘?}@ﬁéémwwﬁ%rpeterpeqzlmﬁpmry base
bondi ng, andewherret hmnhetoadopol yher het dipppl gher e Hieaee Betknde0 Hyhe

het er opol y i K Wat son- Crick. coml enentary base

bondi ng, tgga Epéct’rre?(g)rgg y?re?ﬁ %Q‘gg?%%'e e OBt EBS: PRva jﬁ’rggf}ﬂdixq d¥he second
het er opol ynBf¥ercredygerie aygbacesduenhe marogotsolmde boddidagtidie Iynvent i on
Wl be illyshdated ighdIgRHE4 Al i H%{% ef e t ol l.owi ng
Exanpl es, but it should bég cunderﬂsett.:\gggig? at r’ELEe {[:')r %nt %F v%h{el orlloyi S not
deened to bB™PIIFCPEd Fer MBESORIWIPKES conplseansicey1l Gsapl ehbmiiagy sense

and anbi sensesgdtiawelss DNEnis Glen %ﬁguﬁgﬁ@&podgg%%ﬁfcd droBmn gé?ﬂan"c% 0; the
were _ syn esl| ze on a

human cystig fi brosi gen Nature 380, 207 (1
DNA synt heg?riéesr ?%x%lél‘ai ?lggg%?ﬁ?ﬁyﬁgfjéépﬁwt& RAPEPERs PYaRdmIEPIRAS fi ed by
HPLC. SsDNAba$¢ gberutingot ithes hateeopblyselrvedpiobe dedtr@naad ogthttiadt 0 a
concentrati ggn®f b PAR! SddonaEHM u f | ement ar _
ol i gonucl eoti des were heatogg at %%égi%r Og%g%&aﬁ%%g%%gvéa ?% Hhheal
gradual |y i f¥tfle SoPRs@PRAEagY base bonding, and when the heteropolymeric
15 probe sequence bonds to the heteropolymeric target sequence by
Watson-Crick complementary base bonding, the heteropolymeric
probe sequence optionally bonds to the second heteropolymeric

target sequence by homologous base bonding.

The invention will be illustrated in more detail with
20 reference to the following Examples, but it should be

understood that the present invention is not deemed to be
limited thereto.

EXAMPLES
25 Example 1

Complementary sense and antisense 50-mer 8sDNA target
sequences, derived from exon 10 of the human cystic fibrosis
gene (Nature 380, 207 (1996)) were synthesized on a DNA
synthesizer (Expedite 8909, PerSeptive Biosystems) and

30 purified by HPLC. SsDNA oligonucleotides were dissolved in
ddH;0 and diluted to a concentration of 1 pmole/pl. Equimolar
amounts of complementary oligonucleotides were heated at 95°C
for 10 min and allowed to anneal gradually in the presence of
10 mM Tris, pH 7.5, 1 mM EDTA and 100 wM NaCl, as the
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10 MM Tris, pH 7.5, 1 nM EDTA and 100 mM NaCl, as the 22 1 9 JAN 2006 WO
03/ 010326 PCT/ 1B02/ 02791 tenperature cooled to 21C over 1.5 hour 9.9 DaBNAI6
ol i gonucl eoti dea were diluted in ddH20O at a concentration of 1 pnole/1l.

The sequence for the sense strand of the wild-type target 5 DNA (SEQ ID
NO 1) wasYO#30HIEE CAC CAT TAA AGA AAA TAT CAT CTT TGGPEEIBRPTICTA TGA TGA
ATA TA-3'. The sequence for the antisense strand of the wld-type target
DNA (SEQ I'D NO 1) was: 5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA TGA TAT TTT

CTT TAA TCCdfiferaBude. LoBES | B NOzZeanas, A, 50- M8y L EIE% rget
sequence identical to, wld-type tar%et DNA (SEQIDI%%PI%) excep or a one

base pair ni Ja?‘?néﬁhfﬁﬁjo%?sl |Wﬁ§ﬁ)d’a]tut§ Ho W@ Fodi crppeBRRtion athilch t he
w | d-type sgnse/slit and sequence CAT was changed to CGI. 15 The sequence
for the sense strand of SEQ ID NO 2 was: 5'-TGG CAC CAT TAA AGA AAA TAT
CGT CTT TGG TGT TFCee@IsRopGECT (leaBang-sFrand hef ddguehbd-thpe tdwesnt i'sense

strandsof SEi | @RYOIR Nas1) wels: TAS' Ak CARcCATARCEAAAAGAC A ﬁ’% CGA TAT

TTT 20 CTTT EQ I D NQ 3 was a 50-nmer mutant deDNA target
sequence eﬁf\l -(J:EEIG% gf%ar &f ?5 fgetCPONACE SBFA DTNG 1) except for a
consecut i ve tV\o'IbaseyegaemceTLma:t ithe (amdsehdeneghrantl affi ROcaGh da-3Qei tions

506 and 507tc_|ge\gnbﬁﬂ 1R Wl tlyép%ﬁgensae, Shrand.. Zgﬁeg%%nce CA‘I:%;%S

changed to A he sequence € sensé’’strand S:
5' - TGG CAC €T fAA ARG ARBATABTACTTTT CTRGGIALGT TREC T@TA CRGA’ TGA ATA TA-3'

The saquence forSEbhe:DarNd 56%6 %t e P! matdd QiR AT ATT
CAT CAT AGG W2 l! matdde hdi) ififer Saier Q ID NO 4

was a 50- ne]r’%gp\f H‘édﬂwdt'z‘i?@%t tafte A (FERNIT A¥: 1Y oeuferk: thpgeat ar get

DNA ( SEQ | DoidObbhgeepaiptmutatien (underlined) at amino acid position 507
at which the wild-type sense strand sequence CAT was changed
to CGT.

15 The sequence for the sense strand of SEQ ID NO:2 was:
5'-TGG CAC CAT TAA AGA AAA TAT CGT CIT TGG TGT TTC
CTA TGA TGA ATA TA-3’,
The sequence for the antisense strand of SEQ ID NO:2 was:
5'-TAT ATT CAT CAT AGG AAA CAC CAA RAGA CGA TAT TTT
20 CIT TAA TGG TGC CA-3’.
SEQ ID NO:3 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a
consecutive two base pair mutation (underlined) at amino acid
positions 506 and 507 at which the wild-type sense strand
25 sequence CAT was changed to ACT. '
The sequence for the sense strand of SEQ ID NO:3 was:
5'-TGG CAC CAT TAA AGA AAA TAT ACT CIT TGGE TGT TIC
"CTA TGA TGA ATA TA-3',
The sequence for the antisense strand of SEQ ID NO:3 was:
30 5'-TAT ATT CAT CAT AGG ARA CAC CAA AGA GTA TAT TTIT
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
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consecutive three base pair nmutation (underlined) at amno 23 1 9 éA%\F%E
WO 03/010326 PCT/1B02/ 02791 acid positions 506 and 507 at which th

wi | d-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 TYO¥¥#0328 cTA TGA TGA ATA TA-3'. The sequence PET/IBIIS2MNt | sense
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-nmer dsDNA target sequence

modi fed  14odq gon SEGADsHO dng Wa9T 2L NikiRE PRL AT Eipd YALSDT MBS, CPANgE

from30%to 52% The sequence for the sense stran t he WI| pe t ar get
'DNA (SEQ | PTHISBfe WAL Wes. epayacfcteBC9AC AGA CAC TGT  CAT CTC TGG TGT GTC

CTA CGA TGA CTCTE& 3equdrel hiors amiee nefsé Ot oes agy | §1ﬁ18ﬁ3 Sid .andy=ef; the
wild-type gar Q CAG AGIT_CAT CGI _AGG ACA. CAC
CAG AGA TGAé O&%ETG%&?& &m %S'TATSEé—ﬁD K3 6 Tis 0TS nut ant
dsDNA Bar getTAedBRncleA | 8BAt iTal3'to SEQ ID NO'5, except for a one base pair
nutation 20 (U@ﬁgrééﬁﬁe%e 2lr %‘ecﬁnéﬁ%nﬁgng o 3% %%%GESG Gk es.

changed to CGI. The sequence for the Sense sStrand of Hutant - SEOTD NO 6
was: 5'-GAG 'cEéTCA?fTT;A ARGACERC ARET &8F RS TCRAT@IGC GETACTPATUGATTGA CTC
TG 3' . 25 Tiwer segnengs f oget hev-anti sense strand of nutant SEQ ID NO 6 was:
5'-CAG AGI CAT (s‘,gg gbCﬁ%@CA CAC CAG AGA CGA CAG TGT CTG TCA TGG TGC TG 3'.
SEQ I D NO 7 was“8%5 IBEnE QSOREY 13t tasgtieiauengentedifiiedo SEQ I D

NO 5, 1excepirdmisEQ TheNbese wheireimutiad igdtceRd Gunseidenbedis a@tandiach the
sense stranfjm?negyg soiC was changed to CTT. The sequence for the sense
strand of nutant E%e NO 7 was: 5'-GAG CAC CAT GAC AGA CAC TGT CAT CTT
TGG TGT The segquence for the sense strand of the wild-type target

DNA (SEQ ID NO:5) was: 5'-GAG CAC CAT GAC AGA CAC TGT
CAT CTC TGG TGT GTC CTA CGA TGA CTC TG-3’.
15 The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:5) was: 5'-CAG AGT CAT CGT AGG ACA.
CAC CAG AGA TGA CAG TGT CTG TCA TEE@ TGC TC-37,
SEQ ID NO:6 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:5, except for a one base pair mutation
20 (underlined), at which the sense strand sequence CAT was.
changed to CGT.
The sequence for the sgense strand of mutant SEQ ID NO:6
was: 5'-GAG CAC CAT GAC AGA CAC TGT CGT CTC TGG TGT
. GTC CTA CGA TGA CTC TG-3'.
25 The sequence for the antisense strand of mutant SEQ ID
NO:6 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA CGA -
CAG TGT CTG TCA TGGE TGC TC-37,
SEQ ID NO:7 was a 50-mer mutant deDNA target sequence
identical to SEQ ID NO:5, except for a one base pair mutation
30 (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
GIC CTA CGA TGA CTC TG-3'.
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GIC CTA CGA TGA CTC TG 3'. 24 1 9 JAN 2006 WD 03/010326 PCTI | BO2/ @279AN T8
sequence for the antisense strand of nmutant SEQ ID NO 7 was: 5'-CAG AGT
CAT CGI' AGG ACA CAC CAA AGA TGA CAG TGT CTG TCA TGG TGC TC-3'. SEQ ID NG 8
was a 50-mer mutant dsDNA target sequence 5 identical to SEQ ID NGO S,
except forWAR¥YARECuti ve two base pair nutation (under PCEERDRO27at which the
sense strand sequence CAT was changed to ACT. The sequence for the sense
strand of nmutant SEQ ID NO 8 was: 5 -GAG CAC CAT GAC AGA CAC TGI ACT CTC

TGG TGT 10 GTC A f3ghekieh £IL s LnesBUtes g€ ofrO pse
strand of myapt, SEQ #De NO 8 was: 5 g im&%?’ oar e R FHRE
GTA CAG T GoFeA TESHECHFE. &= SE@N BAG0 ACha$AS APRREACGRULTER dsDNA
target sequéh@e TGIS cuentiwal Tt® wdgdlt'cym target DNAd(gEQt IhD NOdlg )excet)t
for a consecutiyg ase pajr_deletion (indicated by three dots) a
anmino acid positl onsﬂ{sgb?) %ndvafoél atos \H?Fcﬂ‘uf;ﬁé \Aﬁg‘F%}‘m( V& Ies e A8FUHGEaNd
sequene CTidentigallettod SEPhEDsHQuencaxdept tfhe aseBsgseciitiaadewd 1EQ | D NO 9

was: 20 5 TGG IGT . TTC CTA TGA TGA
ATA TA 3" %%ﬁ“?&&g‘ﬁé% pldepkincdl SEutteh pus pogpecerang rere

5' - TAT ATT BN YBRTCRRRSGRACCGRETCA . . . A TGA TAT TTT CIT TAA TGG TGC
CA-3' . 25 sethuosaqum RO sAS A MRS LATAGL 889UR o6, o dent ] o2l
to SEQ ID I, a.gne base pair nutation erlin at which
the sense s rand seégéznccg\ CAT ha$hle iy edmf:o '@TI' AtRe %“?é’qu@ﬁ@e TS t he
sense 18t r an@T®f At afEA SEQAI DO, 1G- 380 was: - GAG CAC fCAT tGrA]\C AGtA CAC TGT
CTT CTC TGG TGT C 3'. The se ue ce or e antisense
strand of mut ant'IE-;’éEQg&@‘E&%JQIKEA %T A%F T° AER GRC CAG AGA

wag: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA GTA -
CAG TGT CTG TCA TGG TGC TC-3'.
SEQ ID NO:9 was a 47-mer mutant dsDNA target sequence

16 ldentical to wild-type target DNA (SEQ ID NO:1) except for a
consecutive three base pair deletion (indicated by three dots)
at amino acid positions 507 and 508 at which the wild-type
sense strand sequence CTT is deleted.

The sequence for the sense strand of SEQ ID NO:9 was:

20 5'-TGG@ CAC CAT TAA AGA AAA TAT CAT . + - TGG TGT
TTC CTA TGA TGA ATA TA-3',

The sequence for the antisense strand of SEQ . ID NO:9 was:
5'-TAT ATT CAT CAT AGG AAA CAC CA . . . A TGA TAT
TTT CIT TAA TGG TGC CA-3'.

25 . SEQ ID NO:10 was a 50-mer mutant deDNA target sequence
identical to SEQ ID 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

30 was: 5'-GAG CAC CAT GAC AGA CAC TGT CIT CTC TGG TGT
GTC CTA CGA TGA CTC TG-3/,

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 TGE TGC TC-3’.
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AGA CAG TGT CTG TCA TGG TGC TG-3'. 25 1 9 JAN 2006 WO 03/010326

PCT/ 1 B02/ 02791 SEQ I D NO 11 was a 50-ner nutant dsDNA target sequéfcéAN 2006
iidentical to SEQ ID NO 5, except for a one base pair nutation

(underli nedé, at which the sense strand sequence CTC was changed to CCC. 5
The sequen¥@%¥YP32%he sense strand of mutant SEQ | D NO 1PCTAB2/02B1 - GAG CAC
CAT GAC AGA CAC TGT CAT CCC TGG TGT GIC CTA CGA TGA CTC TG 3'. The :
sequence for the antisense strand of nutant SEQ ID NO 11 was: 5'-CAG AGT

CAT CGT AGG ACA s8AC 167G The PNA
pr obes were?ﬁ%/ntsﬁ%llzedO%L%i%u%%?%gangg S?l rme (% I%S%-&é%ect roscopy

by Commonweif$H1°BLoFR R TRy NRsS IWePFI#@hrﬁ)rﬂ?e brge lEA)-‘ Mgt fFobes wer e
first di ssollwsienlan8dl1% BEA wiikhf |dlRr OsGflel Cotdind) deuend® @@BCERYr ati on of
10 my/ m, apgl then dlé&ged to 1 mg/m by the addition of ddH2O. Fi nal. PNA
st ock sol utron were pfepared in ddH20O at a concentration of 1 pnole/l.

Probe Ro. 1 was ThelBegwendaNEopr bibe sdase gaechrido oiemucartplsebely nmmpl enent ary

t 15 i 0 h 2 e n f WI | d-type
o et DA T et P REyye Oba TRac 89%% GE SR DA 4l B om0 YP
|

(Nat ure 380‘gT§073TA( 19%%) )TGATh‘éTQJIl ITQC onality of the probe was opposite or

antiparall el toThBateghehde ﬁnft@les'fah@ﬂgeﬂdé tdi:%‘:ahér GEt muf.:.raﬁ‘ﬁ: saguence for
Probe No. 1 5' Lys - CONH2 -

CAC
3' . Probe 'l\{é)s'ﬁg“‘ﬁgs a5152“lf\%wa W rﬁ’pgbe cﬁ&i‘entAF*@al Ath s‘é%ﬁlerﬁz‘@ tG5APr obe No.

1 butiowas %At ltaGsapeT dioTect Tawmalety, Tay Tpagal l el to that of the sense.
SLLENG 1, e dahA b 05k dle RERUCIR St D10, ZSEQ R0 %)
wer e synt hegenfdamagdd puey fi edalsy Hmcasom SEPNA roobeswawith
di ssol ved i piskldBEb8bg s, CORCEN (RALAMAAQT vh, PRBAR! | - oA probes were
first dissolved in 0.1% TFA (trifluoroacetic acid) to a
15 concentration of 10 mg/ml, and then diluted to 1 mg/ml by the
addition of ddH,0. Final PNA stock solutions were prepared in
ddH,0 at a concentration of 1 pmole/ul. .
Probe No. 1 was a 15-mer PNA probe designed to be
completely complementary to a 15 nucleotide segment of the
20 sense strand of the 50-mer wild-type target DNA (SEQ ID NO:1),
overlapping amino acid positions 505 to 510 (Nature 380, 207
(1996)) . The directionality of the probe was opposite or
antiparallel to that of the sense strand in the target.
The sequence for Probe No. 1 _(SEQ ID NO:12) was: 5'-~-H-
25 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-

30 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/pul.

Probe No. 3 was a 15-mer ssDNA probe designed to be

26



Probe No. 3 was a 15-nmer ssDNA probe designed to be 26 1 9JAN 2006 V\AQN 2006
03/010326 PCT/1B02/ 02791 conpletely conplenentary to a 15 nucl eoti 3e'
segnent of the sense strand of the 50-nmer wild-type target DNA (SEQ I D

NO 5). The directionality of the probe was opposite or antiparallel to

t hat of thWOddBYA26strand in the target. 5 The sequence fREMT/IBR2RB1INO. 3 ( SEQ
I D NO 14) was: 5 -CAC CAG AGA TGA CAG 3'. Probe No. 4 was a 15-nmer ssDNA
probe identical in sequence to Probe No. 3, but was of the sane

di rectional phyp1ier@f P h fl'%] nse.strand in the dsDNA
target. 10 Thep seetqugn%%%%%%%tggg %% %4 Séasﬁ%%ﬁgéw?ewg . AGT AGA
GAC CAC- 3' . sprh@tuand sofddieaSa-meare vl birttivper batadt SYPNYSER dBeNOiSdentical to

Probe No. 3ThexeBmictibnbartyanrathachedbe fwéboro%%si& oY eint 18hrd 11815

posi tion. 1§ T‘_&e sequence for Probe No. 5 (SEQ ID NGO 16) was: 5 -Flu- CAC
CAG AGA TGA'CAERY TP &oRse w1 40 15eEprgth-al | el sSDNA probe identi cal
to Probe No. 4, TheceptuéerncehdFdrabraded aohes {$rOrIESTOiM)MRiagtY 5 atcache 5'
position. 2@ ghq,?ieq;g&gc oL, Probe No. 6 (SEQ ID NO 17) was: 5 -Flu- GAC
AGT AGA GAC %AC— . Probe . 7 was a 15-mer ssDNA probe, with an attached
fl uorescei n noi dxpbat Nhe 5' veosi &i drf-mdesiapdid tmrdve Ddmplieak| \in _
conpl ement ag jdg s ofe t e L and, the
50-nmer wi | d-%(%%c?a%ée? 5:I(E)ﬂf\lﬁ%\q%dSE%'l %QQN?)Q% .éf éﬁ%eggpge%%eeocn%gF%tg’;’ "t he
probe was ofpRA L8 EhitiPsar af Itdle seeeq warapd théhsehERAstrEERE i n t he
targetio The sequeRC@eddéndd @oe Meobe/ NOSER {SEN@DLRD: VS wad': - FbU-aaeAC CAA
AGA TGA TATAS*T- A%g P{Hgge %._ f was a 15-mer ssDNA probe designed to be
conpl etely conplenmentary 215 nucl eoti de segnent of the sense strand of
the 50-ner wi | d-Arppe tN¥ggets Dils ( SEQLS BredO dhtipakiadldl r eciDianaptdbe of t he

probe was apgiparahl etot opididt QL. 3, except it had an attached
fluorescein moiety at the 5’ position.

15 The sequerice for Probe No. 5 (SEQ ID NO:16) was: 5'-Flu-
CAC CAG AGA TGA CAG-3’/.

Probe No. 6 was a 15-mer parallel ssDNA probe identical
to Probe No. 4, except it had an attached fluorescein molety
at the 5’ position.

20 The seguence for Probe No. 6 (SEQ ID NO:17) was: 5'-Flu-
GAC AQT AGA GAC CAC-3'.

Probe No. 7 was a 15-mer ssDNA probe, with an attached
fluorescein moiéty at the 5’ position, designed to be
completely complementary to a 15 nucleotide segment of the

25 sense strand of the 50-mer wild-type target DNA (SEQ ID 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'.

30 Probe No. 8 was a 15-mer 8sDNA 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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the sense strand in the target. 27 1 9 JAN 2006 WO 03/ 010326 PCT/1B02/ 02791
The sequence for Probe No. 8 (SEQ ID NO 19) was: 5'-CAC CAA AGRAITGAN 2006
TAT-3'. Probe No. 9 and Probe No. 10 were 15-ner mutant ssDNA probes
identical in sequence to wild-type Probe No. 8, except 5 for a one base
nut ati on (‘ﬁﬂﬂ%?lﬂ?zﬁed) The sequence for Probe No. 9 (SE®CTIBINGRP0) was:

5 -CAC GAA AGA TGA TAT-3'. The sequence for Probe No. 10 (SEQ I D NO 21)
was: 51-CAC CAA ACA TGA TAT-3'. 10 It is well known that ssDNA strands of

m xed base sequaacge@@awel Yobopmme RN 5SRMA duphBxes) aRs2 VI s Orick

pairing basb%éw%ﬁg f vv| fh either antiparall el paral I el

synt hesi zed st Agt‘ roomtenperature. W have preV| ously shown

t hat such ssPNAPssBHANooan anespi:Sbézom.alm n@ewrﬁﬁ{ekymmme&mquences

can reliabl I hed from S$ c | exes containing a 1 bp

ni smat ch vm%n&%s?sgyggt he BF seenrﬁ?e wf‘f‘u‘i BRR ?E&eﬁ"% -aforeXCeRdyO 1

(Mol echl ar W%@e@ne@mmutmomsxmdemmadhat the order of assenbly of the

PNA strand has a-hglg dfe_nt he 0 abili t9.Spegifical 'y bind
oA ecE LA b1 Perkl aBMOL SBaat | B BF

a SsDNA targe e 1 conpares t ency St i dsDNA
dupl exes wh%ﬂ" %F'F‘\d Gbe THT-#Ut ant ssDNA target sequences are reacted with

Wat son- Cri ck corrnbeaaﬁteafcys 86t imabal k&l 195 [Ph¥y PitPReS2 9y Wisth  honol ogous,
that is to SAYa i i.de ztu%? paégAl el isDNA probes. 25 The hybridi zation
reaction niXtUures g %gg‘r témFﬁ data illustrated in Fig. 1A each
cont aithed t he fadkl oiw ngelli X¥nowe: ﬂxatnnbﬂsmof o884 t BEgalixed WHYeLS oOf

SSDNA probegengeX ry‘dﬁﬁ{:]gfbat egg%‘gfs%@( o a final vé%l ume of 40I The

reaction mxtures were | oo t 61 era Turd (21
m nutes, plRREENENt Bagijuater cusadted, withadicitddrwi alttipauraalgbn qron | aser

beam havi ngoarataue! epetieeateA488:nm manHP”&E OF &h Ty EL—&%Q{I%SCE”IW M ssion.
The i nt ensi ta}/ of fl uorelscencre was %Iaotte as a functron wavel ength for
each breviously shown that such ssPNA:ssDNA complexes
15 containing perfectly matched sequences can reliably be
distinguished from ssPNA:ssDNA complexes containing a 1 bp
mismatch when assayed in the presence of the DNA intercalator,
YOYO-1 (Molecular Probes, Eugene, OR, USA), and that the order
of assembly of the PNA strand has a significant bearing on its
20 ability to specifically bind a ssDNA target. Example 1
compares the efficiency of formation of dsDNA duplexes when
wild-type or mutant ssDNA target sequences are reacted with
Waﬁson—Crick complementary antiparallel ssDNA probes or with
homologous, that is to say identical parallel, ssDNA probes.
25 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)
30 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 intensity of

fluorescence was plotted as a function of wavelength for each

sample analyzed.
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sanpl e anal yzed. 28 1 9 JAN 2006 WO 03/ 010326 PCT/I1B02/02791 In Fi ?ﬁ mes
and 1C, the hybridization reaction m xtures (401) each contai ned e
followi ng: 2 pnoles of ssDNA target, 2 pnoles of 5 -fluorescein | abeled
SSDNA probﬁ 10 MM Tris-HC1, pH 7.5, and | nM EDTA. The reaction m xtures
were 5 inc 83?’%18 2t roomtenperature (21C) for 30 m nut #ETAR29Y791 m nut es.
Fol | ow ng i ncubation, each sanple was placed into a quartz cuvette,
irradiated with an argon ion | aser beam having a wavel ength of 488 nm and

noni tored for flImregpentiBeandsioN. thel Mp¥RYL PANDL lfgggé E%P&SI ties
occurred at &?\A@)veleength 10 of 525 nm_the em ssion wave engt

f1 uorescein. A nquPflab‘Fedfl 6B? efedhoving:ssi @n pralesl obft edsnie a
functi on of tawaeiel en 1é9r :eaa:'hf& a obe No.
gio 18T o asR R eanal yedq %SﬁAfﬁ%ﬁ% Dgﬁ I@

5 or

3 was react t d-t e sense strand o
with the 50“31‘5!124\”%31 m?’?’a Se?\%de %t%ﬁ% Bf SEes Ilﬁaﬂﬁqnlfhi’tthleeprmce of
YOYO 1,5 antinpabatddel atcompbne mestiping t & SONA s&PNA GUDP] EXE5, HaLe of d (Fig.

| A). The fl nt enltye tted by the 1 bp T-G m smat che
anti paral | e#‘%‘g?r{ﬂeerrgn?&ow Hupt Eg‘l’i‘%‘é’&ee%@i‘ HAFrde wsEQ@lapefioirtor aPr obe No.

3) was 56% kBaEEz tqqla'ﬁtthatlm‘bﬁaaiﬂ&ﬂ whyh 2¢h tahgofelde Qbib¥y r@aﬁhﬁgvn.ngp
antiparal | el PRl-808At 3¢ Y2 3URL € nse rand_of SEQ ID NO 5 + "Probe No.
3). Wen the 55 DNA g@ﬂ éflﬁosg g&lma/aﬁéé ?ngac%or SO\Mff’ﬁ Fﬁ’é’rgﬁcﬁ%tr SMEE PRy pe

anti sense stPANBRHIMUSEGIRproaggant it bes Priesenceunfed HBY@ kavibenddH i ci ency

of parml | el chorsRbogal)s SEDNASHINA 23+d f Vas . onI y 3% | oner
than the ef Engér?srl%ﬁ OE ant i paral l el co%%en?gﬁ%gﬁﬁ ex
) 2

formation ( THiOTPESEH e\ﬂ)égst‘iﬂﬂaétél?tﬁﬁﬁanﬁlmﬁmpedon'ﬁfe 1 bp

A-G i smat uhwtqmrcal fet dachobagss adapfayg.f ormed when the 50-mer  nut ant
antisense strang, seagted wth the 30 sSSDNA Probe No. 3
in the presence g%LYggg %Bapro u°\clf‘gged | YBF eEERTHee Mishi Shei At asrsi ty t hat
was 56% | owdtldtiamet gmseemitraed by tSiEQ [xex fetsl yorpawpt ethd10s®ln@gous

dupl exi5( Fi gmutsdht: sekBat étq-larﬁagpl Cice) GLCHTRTE)' §| 19 teﬁ%cgrégence o%s% t ar get plus
500 antiparallel complementary ssDNA:ssDNA duplexes were formed
(Fig. 1A). The fluorescent intensity emitted by the 1 bp T-G
mismatched antiparallel complementary duplex (sense strand of -
SEQ ID NO:7 + Probe No. 3) was 56% lower than that obtained by
20 the perfectly matched antiparallel completﬁentary 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
25 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 S50-mer
mutant antisense strand of SEQ ID NO:7 was reacted with the
30 8sDNA Probe No. 3 in the presence of YOYO-1, produced a
fluorescent emission intensity that was 56% lower than that
emitted by the perfectly parallel homologous duplex (Fig. 1A).
Control samples comprising each 50-mer ssDNA target plus 500
nM YOYO-1 exhibited levels of fluorescence which ranged from
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nNM YOYO 1 exhibited | evels of fluorescence which ranged from29 1 9 JAN
2006 WD 03/ 010326 PCT/1B02/ 02791 91%to 92% | ower than that obset¥eabNR00B
the perfectly matched duplexes (Fig. 1A). The level of fluorescence
emitted by the 15-ner ssDNA Probe No. 3 plus 500 nM YOYO 1 was slightly
greater thAf%¥M8#28pr oduced by YOYO- 1 alone. The shift i RCHMBREFPESsCent

em ssi on wavel ength observed with the ssDNA targets and probe is typical
of YOYO-l's emission profile in the presence of ssDNA. YOYO 1 facilitated

DNA conpl EXBiQFHBitQQ@nl&ﬁgﬂ@ﬁﬂnatﬁ%eﬂfeﬁbﬁlégq:}% g@%&ﬁ?% egase
sequence |nFaIg]aant| a{g lel 10 ssDNA tar etween a“ss probe and

an identica ncevin Eh?)azl'%"fellePfsng%eﬁﬁﬁﬁ%ft emitEed virithar
ef ficacy, tob5-radd omaumf fEeradet ind. o peisveeso pﬁ:ﬁf Q@%yl nRi$ heth feAp! exes and

t hose conta | p mat ¢ { he honol Qgous corrpl exes,
the 1 bp mgpéé&h V\t/;ns?ap’a tnrgc?% ﬁ&ﬁg}lfﬁgﬁlf b3§€°§ °n55 THESc fRdaF attPve

ef fici éncy Blucnssicpar al ¢eissdonpl emiteagyh abdepaedl [welthhoand ogammads DNA
dupl ex for npiigutWasaf HE%]S@HS TLRedoHSEQ -5 PNA, LA get 3 ssDNA- F

probes in the absence pr ondi i ng agent & such a8 Yord 1t or
cations. WhER® RUeEeRHNE PsPBhe No. 5 was incubated for 30 minutes in Tris

20 buffer at roowybenpedclutardd thNa R8mpleBlorhl dord YREwSENSE ssblvhand of
SEQ I D NO 5,_t.he son-Crick cog&em&nt ar antiparall el ssDNA. sSDNA-F

dupl exes wePE HoriEl T ef§PREERERBht P3SC rRRANCPPRg 1Pn 28 9@%‘?%@?% in
f1 uor d8cent sskiff $eirgat compasadtietn & hasDMaNigrbBd dyd Rrphigehpicdl dagae (Fig.

25 1B B t nt ar rrpl exes

t hat 2:ont é. ﬁ%cg}énéé %naélltﬂéggi%i sﬁﬁ%{gginreg%ét‘%nd owﬁﬁ%w £ Probe

No. 5) were3}H&ds dé-tfébil-”%ntireésentbweaen patfectiyseesdesy easpléxed landr escent

eni ssi on coemee@oheahm;g 2! b o dicBrOber]anedp ol oNGIALLE 0%3%9 m nut e
Ss

I ncubat i on g Par al honol ogous ss I exes were
f or med \Ahe‘hc’"ﬂ Dl\‘ﬁ&‘qarlobe NSmak chakas @aBeRThafiol RSP D9e inwi | d- type
anti sedse strandhef cGfaddRiNe B Oicidinkl bheaklparalall ddmplementary

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
20 buffer at room temperature with the 50-mer wild-type sense
strand of SEQ ID NO:5, the Watson-Crick complementary
antiparallel gsDNA:88DNA-F  duplexes were formed very
efficiently, resulting in a 53% reduction in fluorescent
emission compared to that emitted by Probe No. 5 alone (Fig.
25 1iB). 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 stable, resulting in only
a 40% decrease in fluorescent emission compared to that
emitted by Probe No. S5 alone after a 30 minute incubation
30 (Fig. 1B).

Parallel homologous ssDNA:ssDNA-F complexes were formed
when the ssDNA Probe No. 5 was reacted with the 50-mer wild-
type antisense strand of SEQ ID NO:5 or with the 50-mer mutant
antisense strand of SEQ ID NO:7, generating fluorescent

30



antisense strand of SEQ ID NO 7, generating fluorescent 30 1 9 JAN 2006 WO
03/ 010326 PCT/1B02/02791 em ssion intensities that were 44% and {39 %paANO3EE
respectively, than that emtted by ssDNA Probe No. 5 alone after a 30

m nute incubation (Fig. 1B). The avid formation of parallel honol ogous
ssDNA: ssDNEOB3/U8335] exes in the absence of 5 a pronoti ng PEHERA2/0
conpletely unanticipated. The discrimnation between signals emtted from
perfectly matched duplexes and 1 bp mi snatched dupl exes in the absence of

conpl ex prosmidsignageittens Weed 10t tBs: dr gURL 1 C 438 ”&?&i obsgrvegd, Jhen YOYO 1
was present_and %erved as the pronmoter and 10 si I ng agent (cor‘rpare

Figs. |A antHSFEIYRTY wWaan Hdatasmitied Byt HS%Nﬁ i Peals 1N9. dhrimweal | el
dupl exes. Shitght by30 esinutdi Secibdtdahi rudietwpen mer beLd |porimt chedrand 1 bp
m smat ched es._\Was erv en a ar al | el _honpl ogous ssDNA
target was %%}g QENR&E eroan 5%@?‘“;55?@%% ’é?‘?erftr’artxpesébﬂﬂ‘% %far get was
used t® produckreneting DNAgestDNwWEE compipdresly FiunantBepdtard.a 90 rJmenut e
i ncubati on, d\lggra__gg] r exes SI sting

A ¥ i K sRREERT Aldrgh o ?ﬁense s rge&?@gg

of perfectlg conpl ementary. sequences + Probe
No. 5) or 19%pe36°T-a8%; %nﬁ?cﬁ@@“@éﬁhﬁncéﬁﬂ%emt thad ab@fen@EQOIfD NO 7 +

Probe No. @mglléﬁdp@@dat&nggg@é%ﬁ@ 3%k AR 88SEran-82RCLd 'ﬁfﬁltyobéé?cved

fl uorescent em s§ i nt ensi tIy npared to that emtted by Pro 5

al one (Fig." }I??g(ﬂe%r k4Bfy P ﬁﬁFﬁYl A ofRTVSdoRe &8 BI\VP’%%‘BRﬁrFaé’érrpl exes
exhi bité ed tMmémBgleg/eeit dbospads Imit_:;y 2fn afdens90 NMHiW @as0fhé HyRati on as
did the Watggn- gge}pkar%&rcb%gﬂ 2l a%‘ DlNéAI eﬁ%@ﬁgg%ﬁlﬁf(&%&?;ﬁl uor escent

intensities for &g strand
of SEQID I\@B'a’:rmm%b@nN@etB?elanneefertbyj Pai@headi smdt chip pasadtiaed

honol ogous m&mlwmpﬁan&é SPAS Cosdd AR FheSEQ BQréBeNOh%misl % Agﬁbnﬁ) ver e

40% and 25%Io res ectlvely than that emtted e No. 5
al one aft er*39§ W’?‘ﬁu‘f d jthaRpYheR Py Brgiraralledngo Fa3my ofsM@cogni ti on
and bithdi ngtadfgeth@as used to produce the gsDNA:ssDNA-F complexes (Fig.

1B) .

After a 90 minute incubation, Watson-Crick antiparallel
deDNA:s8sDNA-F complexes consisting of perfectly complementary
sequences (sense strand of SEQ ID NO:5 + Probe No. 5) or 1 bp

20 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
8sDNA:s8sDNA-F complexes exhibited the same level of stability

25 after 90 minutes of incubation as did the Watson-Crick
antiparallel ssDNA:ssDNA-F complexes. The fluorescent
intensities for a perfectly parallel homologous duplex
(antisense strand of SEQ ID NO:5 + Probe No. 5) and a 1 bp A-G
mismatched parallel homologous duplex (antisense strand of SEQ

30 ID NO:7 + Probe No. 5) were 40% and 25% lower, respectively,
than that emitted by ssDNA Probe No. 5 alone after a 90 minute
incubation (Fig. 1C).

The mechanism of &recognition and binding of the

homologous bases in the parallel dsDNA duplexes is unknown at
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honol ogous bases in the parallel dsDNA dupl exes is unknown at 31 139 J%
2006 WD 03/ 010326 PCT/IB02/02791 this time. Neverthel ess, recogni'td dAN

bi ndi ng of parallel honol ogous ssDNA sequences occurred in a configuration
which allowed the discrimnation between perfectly matched ssDNA: ssDNA
conpl exes YHEINYe cont ai ni ng a1l bp or 2 bp 5 ni smat cRCTBO20FWEe paral | el
honol ogous conpl exes, the 1 bp msmatch was a non-honol ogous base pair.
Exanple 2 In Exanple 1, the remarkable efficiency of parallel 10

honol ogous  $BDBIAL I38DNA NéwBEEbte e BE6 SR S ofl SN Hi hal 85 DOt .1 {1 he

1
presence of lex p ting agent such as YOYO-l  and in the absence of
any conpl ex h%‘rng9 Mg sgéggggeq‘geé‘cgﬁe(%@‘r‘ﬂqdor’rnaﬁd COPRYFT APt Weitbnol ogous

bases in thellpeadl | hedsBNActipl exdonwasheivebnas gexrabt Oy easycid
di scri m nat LaBDAIMRAN ApLECt VallomBLogoUs, base, seauences and , parallel
i ) h

honol ogous sequences that “contai ned a bp M Siméa §e°5ar2all?%l
honol ogous P pe At mat Ehedhager @axpibel | emollpgous comppileabs £ tis Mi wpt ches

based on Wansswmatadh eMsCHELEBRLES usrgg@gryati@rpn and binding rules. Exanple
2 exam nes the 20 recognition and binding éfficiency of parallel honol ogous
dsDNA dupl exes that contain A-T or G C base pairings, to determ ne whether
t hese WAt soBx@mplek 2conpl enentary pairings appear as msmatches in a

paral | el honol owsﬂ&g@ie{lgll & %ti on. r%S achlfggbri di zation reaction

i
m xture (40gl) contain he' forl oG Bt pmsitas s Pargktel 2 pnol es

of ssORA pr §BECLogPUs RSHWE seBA500pIEW ForM@(drl wakhdenemmira@8d NbiHIr €S Wer e
i ncubat ed atinr gpan ﬁfé'gé@{]cﬁt W€ %3@1&.1_39rp1%mm:g1¥%e§ | aced a!s”§8y<§‘1lquartz
eam e

cuvette, irradiated wth an argon Ton |7aser having a wavelengt h of
488 nm and ABRI £8r ddier oRPIINGEr AfceMBY ERTRLEXONPTOMesingt @genty ofThe

fl uor escenceevamiplioht e4hds banaintnciooncid wamel&palsh HdesLagh saPp!

anal yzed. t Ss Prope.No. 3 (with a 53% GC content) was reacted
Wi th t12e S\é\g}%g?llv%‘il d-pe aﬁf"j"%&ﬁ%‘se s%?%nds‘ﬂﬁh SER§ | pF©  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
20 - 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 wmismatches in a parallel homologous binding

reaction.
25 Each hybridization reaction mixture (40pl) contained the
following: 2 pmoles of ssDNA target, 2 pmoles of ssDNA probe,
0.5 x TBE and 500 nM of YOYO-1. 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
30 having a wavelength of 488 nm and monitored for fluorescent
emission. The intensity of fluorescence was plotted as a
function of wavelength for each sample analyzed.
When the ssDNA Probe No. 3 (with a 53% GC content) was
reacted with the 50-mer wild-type antisense strand of SEQ ID
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32 19 JAN 2006 WD 03/010326 PCT/1B02/02791 NO5 or with the 50-rrer1§u5mt2006
anti sense strand of SEQID NGO 10 in the presence of YOYO 1, parall

honol ogous ssDNA: ssDNA dupl exes were formed (Fig. 2A). The fl uorescent
intensity emtted by the 1 bp A-T misnmatched parallel 5 honol ogous dupl ex
(anti senseVOO¥EPSof SEQ ID NO 10 + Probe No. 3) was 724rimsmee7sthan t hat
obtai ned by the perfectly parallel honol ogous duplex (antisense strand of
SEQID NO5 + Probe No. 3) (Fig. 2A). This dramatic decrease in

f | uor escent nems Ssi-opibY the BaL upl.ex galbp
AT, stronglé suggestled t hat th@éﬁ{t\%%%@&%gggg,}g BrREh ° r]Ir]Pdered by
rtl)

t he spati al orithadihfe RXSFERGEr a®f OnYO¥Rrdsedpraralled Almmdlérgdaases when

part of pasabizels Itbsmvhﬁgmiﬁa Stve2Bd8o8t: ng a \ dupl ex.
Control sanp]les c:v ia'fsﬂj'f ea?%h 50- n%r id:mbt a?%gt %ﬁee ﬁugggg&qm YOYO 1
f %&

ntensi ¥e WhE cH PBng%‘chr“GﬁW%‘%ﬁdo 975811eder t han

exhibited | éve
that oBser veonalicgoushéuppex f Gnitipensé cherbrduplrexes b go 20+ Bhed evel of

f1uorescencg,emyfted by th S Pr s 500_ nM YOYO- 1
was slightly great 2’% t%?én t%hé’t%rgftoéuceq(\l?éﬁy %%?@eld ZBYaltg‘ﬁeperﬁﬁ"et]é’hl ft in
fl uorescentP@Fﬁ]s]@llommmoéwgﬂhplﬁ;se(ﬁnedsemet Btrimed ssDI$ROt apged s and pr obe

is typi cal pfoBéOY@o ) e(F‘ %SNAOQAWO“ ! eThDs”ﬁ%aREx?f@”%%c?\%ﬁén

Par al | el gf 0gous Ss dupl exes were al so He 50- mer
wild-type a ‘f%’%ﬁ%n‘étrﬁ‘ﬁ’&s&PnSEle DER® | Pazzdledy t homplagumiec @meemt) was
react &d wi thom&aan\mgdat )Zl.p&J;SSZDI‘SlA Rtabaglp. sdydistuit Eh&@etﬁyt At st DNA

Probes No. the sen eﬁgf YOYO- 1 éﬁqg The fl uorescent

intensiti es em t]% ht%gdflﬁ% ‘fﬂ Rt ERR aspRiral é‘lndﬁB’FmF]bﬁiﬂ?s dupl ex
(anti sense @Wfa}rwretlsEleﬁbm 1on- Pheba Nmd 9 aades h@hénb@;a&ﬁ GfG

m snat ched ggg%%sfyﬁhgé (ﬂtehég?giel ;ra%l% of, e Et DNOL1 +

Probe No. 10) vvere 67% an respec i that ®ai ned by
t he perfect%?lﬁa%m ICOPETAb NPATRIGHS CHUPF EBinda Rt ehGaneyt =@ANA 0fa1RE® | D NO 1

+ Prolie No.pl ¢60 gnM2BpyoTheeanidit@dr afdveisOfost N JoRbEEaRdd NG R@Ses i n
ranged from 96% to 97% lower than that observed with the
perfectly matched duplexes (Fig. 23). 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

20 alone.. The shift in fluorescent emission wavelength observed
with the 8sDNA targets and probe is typical of YOYO-1's
emission profile in the presence of ssDNA.

Parallel homologous ssDNA:ssDNA duplexes were also formed
when the 50-mer wild-type antisense strand of SEQ ID NO:1

25 (with a 33% GC content) was reacted with the wild-type ssDNA
Probe No. 8 or with the mutant ssDNA Probes No. 9 and 10, in
the presence of YOYO-1 (Fig. 2B). The fluorescent intensities
emitted by the 1 bp G-C mismatched parallel homologous duplex
(antisense strand of SEQ ID NO:1 + Probe No. 9) and the 1 bp

30 C-G mismatched parallel homologous duplex (antisense strand of
SEQ ID NO:1 + Probe No. 10) were 67% and 66% lower,
respectively, than that obtained by the perfectly parallel
homologous duplex (antisense strand of SEQ ID NO:1 + Probe No.
8) (Fig. 2B). The configuration of the interacting bases in
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33 1 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 the parallel honol ogoyg JAN 2006
dupl exes was unfavorable for Watson- Crick conplenentary G C bindi

resulting in a decrease in fluorescent em ssion indicative of a 1 bp

m smat ch. Control sanples consisting of the 50-ner ssDNA target plus 500
nM 5 YOYOWO8¥018Reh of the 15-ner ssDNA probes plus 500poWAmé@e9l resulted
in |levels of fluorescence that were slightly greater than that produced by
YOYO- 1 alone (Fig. 2B). Therefore the interacting base pairs in parallel

honol ogous gg%xgliggexg mold aEFdd?ﬁlrthe resen evo(y‘ab)_(OY?g% 0 adopt a

configuration s unfavo I'ng ween
conpl enent afjiPasenpapnentanys @-€i pgniingsuoctesudbphe xis «'ap@welang tta contain

L bp m Smal ehefrestnel fnidiloh01dida1208 bpva M SR EEALLA. DI Al
sequences, whether occurring as Eart of a hairpin or 15 nulfistrand

conpl ex can®TRIEE SPREJEEIRT afd FRDeBP Sptts iR dargre pase §8QudMces try
to achbeve rowo-dt aki katy of tHee 15daet sdmmdpaab@@rﬁmgus@bim wwden either

bi ndi ng not ngll Fdl $n £ eel_ct ogl %J;%oreﬁ:g?%#é] rengt h ]f%t@rh% ggq airs upstream

or downstream of nucleation s €20 will
have a bear Firap Ghathercaibxcedplbxs voyoathilene Bigli 128) . Exanpl e 3 This exanpl e

exam nes the ef fI'hEi:@fWe of t@l@t' Eﬁéé@alc%hgghoﬁ@eeog%ﬁ §SDF@‘OE§Q\%%%EM ex

formation facilitated gg/ o1 25 nonoval®ent ca
hybri di zat i BYPHEFEER oRIEN |dxHP|3r@x‘?ﬁFrsef°tr6‘etihend‘a¥%1 prigsenser of e¥OYITIFi g. 3A,

each cont ai aesht lae cf:ﬁfi@ﬂal&gofﬂ Ml Qs uREHBHaBI e Of oS HMNB:1 h G Gelweed POl €S
of ssDNA pro 00 n f YOYO-1 in a final vol une_of 40I

The react | onbtﬁ?nmcﬂ esco\WB?%mEi EoBat@Feat PRAHT t ERPRTHOG et 2B or
m nut es, pl deElexent appeapiagt zo cwnebir,l bpr atkwmitettewi t h an  argon ion | aser

beam_ havi ng a \c/)v?,\ée:c ?pgt "he%f 488 grmlasgﬁ ni%utq}i?gata{esfl ares edlt em SssSi on.

The int ensity uorescent em ssi o as a unc |0n 8f
wavel engt h 8equences, whether occurring as part of a hairpin or

15 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

20 will have a bearing on the attempts to achieve bonding.

Example 3

This example examines the efficiency of antiparallel
homologous ssDNA:ssDNA duplex formation facilitated by YCYO-1 .

25 -or by monovalent cations.

The hybridization reactions, giving rise to the data
illustrated in Fig. 3A, each contained the followlng 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

30 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 intensity of

fluorescent emission was plotted as a function of wavelength
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1* 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 for each sanple anal yzed., In Fiz(a.
3B, the hybridization reaction mxtures (40 ) each contained theld JAN 2006
following: 2 pnoles of ssDNA target, 2 pnoles of 5 -fluorescein | abel ed
SsDNA probe, 10 nM Tris-HC1, 5 pH 7.5, and 50 mM NaCl . The reaction

m xtures WP&MW¥PAbated at roomtenperature (21C) for PaETBRO2PENGt hs Of
time ranging from1l mnute to 60 mnutes. Follow ng incubation, sanples
were placed into a quartz cuvette, irradiated with an argon ion |aser beam
havi ng a wayel edi@hh s 2bhp A8 3R 24, moni tored for 10 fluorescent eni ssion.

The intensity of fluorescent em ssion was plotted as a function of

wavel ength for d&cHFisanfiB thealhybrididatdobatresctisn sERNAres olbeodlo. 4 with

the 50-ner whdul-éoainaft tBENEE1 SN2 of ' Babifa LS Rresgnce of
YOYO-1 15 resulted ilrrl1 anti paral | e‘{i%%omlzo ougéggsgﬁ&?ggmp%roﬁ%l’e%

’

formation (PPYeS3ARF. SArtHrmgicek belefeneRorahei fe aM Bris+isHnl ogous
conpl es forpmt? @ was s0l v GhYLL hathefrLeBYER hidRakes AdePaRakfRlea
conpl enent ar% dsDNA formation é’f;onpare Figs. 1A and 3A), recognition and
bi ndi ng of ANtTYHY SFFRFHOWS! b¢bGe Sor 18 ckRSitBe sofi tdmecEanging

facilitatedfbym YO¥RrduteThicS goesiihbtedds SOMRMELE! YnsiaRlbE] PELGA.es
Furt hernore, antipar %%IEO honol ogous ssDNA: conpl exes conpri si ng

Ve S S cPedPRY i"‘s]{"leﬁfjﬁ'rsig’é?dfira&ﬁﬁitﬂﬁ% THAFISing 1 bp

wi |l d-type Sequences
or 2 bp m shen clager Héwmn fHaydneg sCentvel Qs iofi €88 e hh@dndid t85ed FRrl bp A-G

m smatighed BNA.corpl ex isense, st f SE D NO 7 + Probe No. 4),
the 1 bp G T m snat %ﬁe%%%bm%&% 1?@%‘%%%& né’e9 5#‘?%5%’%?128 BRo 6 +
Probe No. 4%2° aRécktrd esnseclienctdor |E nivavelesgbd DA cmanpl esanfdrt i sense
strand of &RQyzEaNO 8 + Probe No. 4) were 25% 65% and 71% | ower, 30

respectively, than that obtained by the perfect anti Ear al I el _ _honol ogous
conpl ex (anti sern@E“BFT30R Ot SE2H FEPRRYNS -+ 4prhH: thRoSOMer wild-tyme. As the
degree of hamplsegpebetwend bhespoohlip Nans tHar get gees&asethr thwrd-gvel of

{1 uor qgcent ;&llit8hoN 1n9eGheRRRM 180" E 1ot 3MRE *S s SATRTBIAY €351 R0 T
formation (Fig. 3A). Although the efficiency of antiparallel
homologous complex formation was only 65% that of conventional
antiparallel complementary deDNA formation (compare Figs. 1A
and 3A7A), recognition and binding of antiparallel homologous

20 88DNA sequences did occur, facilitated by YOYO-l. This result
was completely unanticipated. Furthermore, antiparallel
homologous 8sDNA : ssDNA complexes comprising wild-type
sequences were clearly distinguished from those comprising 1
bp or 2 bp mismatches. The fluorescent intensities emitted by

25 the 1 bp A-G mismatched DNA complex (antisense strand of SEQ
ID NO:7 + Probe No. 4), the 1 bp C-T mismatched DNA complex
(antisense strand of SEQ ID NO:6 + Probe No. 4), and. the
consecutive 2 bp mismatched DNA complex (antisense strand of
SEQ ID NO:8 + Probe No. 4) were 25%, 65% and 71% lower,

30 respectively, than that obtained by the perfect antiparallel
homologous complex (antisense strand of SEQ ID NO:5 + Probe
No. 4) (Fig. 3A). As the degree of homology between the probe
and target decreased, the level of fluorescent emission

decreased. Control samples comprising each 50-mer ssDNA
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1 9 JAN 2006 WO 03/010326 PCT/1B02/ 02791 target plus 500 nM YOYO 1
exhibited | evel s of fluorescence which ranged from 88%to 90% | ovle} JANa?flt
tthat observed with the perfectly matched conplexes (Fig. 3A). The |l evel of
fluorescence emtted by the 15-ner ssDNA Probe No. 4 plus 500 5 nM YOYO 1
was slight Y %PW3ter than that produced by YOYO 1 al oneCTABdI/@Ramal | el

honol ogous ssDNA: ssDNA conpl ex formation was further exam ned usi ng ssDNA
targets and ssDNA-F probes both in the presence and absence of 50 nM Nad .

After 15 mi paiqst 30y ddrubat v af eda P 6g 14 &0 mer
w | d-type aﬂ{]i se%e strand of SE qI Esﬁﬁll%%:dn {' e Srl\lgqsfenfc]\éfo%?sé%‘crﬁvl NaCl ,
anti par al | e HohdEBgEM L UDRAY SFLlewaip than sthadr ebservasd withsthendi cat ed

by the 34% perfease | matdihsd ecopplexaPsamigd gonpared0 hal; enidted by
Pr obe No. GfﬂIEO rleescgrlfig. 3.%)1:. The ]hS efficiency of antiparallel honol ogous
conpl ex for Mat1on VAse BY9-ERabY of St Bar A958R E5aps rentaPyu’ i ex
format fon M| ¥YO¥R11g waslslightlye dgrwiteat than (dedn pidusbawsy . yByo-icont r ast,
anti paral | ef;dyurol ogous ssDNA: ssDNA-F conpl exes that contained a 1 bp A-G
m smatch (antisense strand of SEQ ID NO 7 20 + Probe No. 6), a 1 bp CGT

m smat ch (anti s@R$&P8¥3difd Bemaimgous DssRAg s#DFk gisplex  B)rmagidn bmsA- T

m smat ch (aniht3RAs exahiaedW uhihgSEID NG+ aE&OQ@PM’-'FN%)kob@de&%'L
consecutive, 2 m srratchﬁéiaznfy sense strand of SEQ ID NO 8 + Probe No. 6),

produced a ﬂ‘%qp?@%esﬁﬁ%a PS5 s @ Naft uordii@ands, mpmutes
respedfi vel ¢ iowmpat boh taf shBNA-aTiPkbbd My, Br oben Nhe 6o ahn@rilaléye a 15

m nut e i ncubat. Fi opfiguration of the jnteracting bases in
the anti pargﬁleﬁ%%ﬁ%n% oagno?aﬁéfd%-p e@egg'%a? gé)lﬁa?]é‘?ﬁeﬁnﬁeu # oF‘gbIF%Can'or
Wat son- Or i ckaeimaghdheht hpyolegpus bisabligsDNasH| tomgl sxesa velangerhed,
f| uorescent agisgl kel bpdtsal 5¥e QbofodadPulll S MLochess oARLLAA al | el
0 g a

honol ogous conpl ex formati on occurred OW n mnute I ncubation in
the presencEBRTSG Rt \e&Y sprdhted Ryt PErbaniyo- No 3derpl 3d9-f 8Biat i B1® was
evi dent af t effidSentpuis satipafillalli odmobbdddar conpaleRS fRkmaridhasad | el

horol ogous gmlt%)a(.tf chpata.ingg.lpgpaqlel complementary complex formation
following a 15 minute incubation (data not shown). By
contrast, antiparallel homologous ssDNA:sgsDNA-F complexes that
contained a 1 bp A-G mismatch (antisense strand of SEQ ID NO:7

20 + Probe No. 6), a 1 bp C-T mismatch (antisense strand of SEQ
ID NO:6 + Probe No. 6), a 1 bp A-T mismatch (antisense strand

of SEQ ID NO:10 + Probe No. 6), and a consecutive 2 bp
mismatch (antisense strand of SEQ ID NO:8 + Probe No. 6),
produced a 24%, 26%, 23% and a 13% decrease in fluorescence,

25 respectively, compared to that emitted by Probe No. 6 alone
after a 15 minute incubation (Fig. 3B). The configuration of

the interacting bases in the antiparallel homologous duplexes

wag apparently unfavorable for Watson-Crick complementary A-T
binding, resulting in a change in fluorescent emission

30 indicative of a 1 bp mismatch. Less antiparallel homologous
complex formation occurred following a 30 minute incubation in

the presence of 50 mM NaCl (data not shown). No complex
formation was evident after 45 minutes of incubation. Similar

rates of antiparallel homologous complex formation and
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36 1 9 JAN 2006 WO 03/010326 PCT/1B02/02791 stability were observed in Tris
buffer without Nad (data not shown). Pronoted by YOYO- I or NaC {19 JAN 2006
recognition and binding of antiparallel honol ogous ssDNA sequences
occurred in a 5 configuration which allowed the discrimnation between
perfectly YWRt0¥AWAssSDNA: ssDNA conpl exes and those cont aipairmgozm279i bp or 2
bp m smatch. The interaction of the base pairs in the antiparallel

honol ogous duplex resulted in a conventi onal V\atson Crick A-T base pair
bei ng dest abtihiziiRy @ | e .demonstrates
the effici enc%ﬁﬁf gara eéﬂé%g%rgrienrrel%igi(g&gés %‘?\?&%ﬁm( 3% &Pkat i on
pronot ed by® oval ent cations. The hybri di zatl on reactl on m xtures 15
(401) each cont @iréedtédeby OvbwMINGr &a@ﬂol?éc&ﬁﬂ&%gﬁwbn&aﬁﬂﬁﬁm ool es of
5'-fl uorescgnn Iae}b(z#ﬁg ﬁ robe, 10 mM Tris-HCl, pH ﬁd 50 nmM
Nad . The re@acty t UPFROLGEPES | AEDN N RPBEDFRBHM ?%?P&é’leﬁtuﬁé (21C) for
variou$§ | eng@ﬂnfslguﬁratmme vl ngafloeddl mheut diberiingt e eSpethdlehoW Ng ' 20
i ncubati on,

I rtz cuvetie |rrad|ated with an
argon ion | aser bezm acg}e% gg wave}D en ?‘?(i"pglexeiaaéldn%%#d BRI 2F or
fl uor escent 1 Pl s &h bPTh’eSinm@nm {The @ﬂtéﬁmiescemttlembase opeivas ipl otted as

a function efe wrvghenmid fh%&\of%_fcths%%gx %ﬁ&%sﬁ éf((;. Lodicha1 M nute

i ncubati on gr&the Eresence of T exes

consi sting Of“§&rFELER Y- TcBARE aifdit Brins dgabmridd zése s asmwcdﬁ SEQ I D
NO 5 #0Probe No. 6) forned readily, resulting in a 41% decrease in
fluorescentyg 'pel%l gn intensity conpared to that emtted by 30 Probe No. 6
al one (Fig. %ﬂ hi's high efficiency of parallel conplenentary duplex
formati on was cdwpset%dampmﬂemoneﬂrauay dont eésicienngorgd epatallel

conpl ement agymAishbAL $5PNAs SHnGQ BRY ai smat ch
(sense strand %f SEQ I'D NO. 7 + ﬁg)%%) %&%ﬁogic} gr%nos%r?gc (sense
strand of Smg?qqg REF g cations. The hybrldizatlon reaction mixtures

16 (40pl) each contained the following: 2 pmoles of ssDNA
target, 2 pmoles of 5'-fluorescein labeled ssDNA probe, 10 mM
Tris-HCl, pH 7.5, and 50 mM NaCl. The reaction mixtures were
incubated at room temperature (21°C) for various lengths of

time ranging from 1 minute to 60 minutes. Following

20 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.

25 After a 15 minute incubation in the presence of 50 mM
NacCl, ssDNA:8s8DNA-F  duplexes consisting of perfectly
complementary sequences (sense strand of SEQ ID NO:5 + Probe
No. 6) formed readily, resulting in a 41% decrease in
fluorescent emission intensity compared to that emitied by

30 Probe No. 6 alone (Fig. 4). This high efficiency of parallel
complementary duplex formation was completely unexpected. By
contrast, incompletely complementary seDNA:ssDNA-F complexes
containing a 1 bp T-G mismatch (sense strand of SEQ ID NO:7 +
Probe No. 6), a 1 bp G-T mismatch (sense strand of SEQ ID NO:6
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37 1 9 JAN 2006 WO 03/010326 PCT/1B02/02791 + Probe No. 6), a 1 bp T 6
m smatch (sense strand of SEQ 1D NO 10 + Probe No. 6), and a coné@cdw\;go
bp m smatch (sense strand of SEQ ID NO 8 + Probe No. 6), generated an 18%
20% 10% and 16% decrease, respectively, in fluorescent em ssion 5
intensity WORYBM&E to that exhibited by Probe No. 6 al orreT/mB62i0g1914). Once
formed in the presence of 50 nM NaCl, the perfectly nmatched parall el

conpl enentary dupl exes were very stable, resulting in a 40% and 47%

decrease i n.fbygsesgentsemyssi O nut es and .45 ut.es
i ncubat i on, re‘nﬁec?ﬁe % i g éd f%{ﬁ t%ge:ﬁs B Hy® E’?o%fe% Igb al one
(data not )+ PH?@elNBp @n:d agndhg grumetuitiod Qabalmiamatohpl(mm ary

conpl exes weteanIQE LegSISiMbleabidde 3. MUt t
i ncubati on EE the.p %?eace of 56 m I\?aCl dgt a%%g??%%étg aémlgg %ﬁoe 'rate and
o]

ef ficiency pgrr‘% Bp1ETentaPpeC 1 s SPNA FO¥HCRRE | Gﬁlvﬁs-"ﬂ/ery

simlasg to tlh‘eﬁnecifty arinippaed| kel chatpeeRBstaay 16 BWspes Y- s f ordmt i on
during the §j st y45 m nutes of incubation in the presence of 50 niM NaC
(data not sho \N‘u | e antiparallel conplenentary conpl exes 20 conti nued
to formeasily :ﬁntcér feomed ot be afreaemgbadt D imy Erac1m\ﬂn‘dafilerfm1@ar al l el

conpl enent anye S| Sxrd VAR & GH18RSHEEY I8 t d not shown).
NaCl facilitated Dl\gr npl ex f &%r nat?o%ybetl\g\géleeﬁges m y( g%e andd an

anti paral | eFe%‘b]ﬁﬁF‘@rréﬁt &r ¢°§SBRE& £3% geecregee ig l?étlmeatsgmilbnpr obe and

a parabl el etvet eentianyes SENA 4mmgelucedi 6 Sididalof] f &Rkt 1+l | ow
differenti a%&g?%relaet weep gerfectl n’lx)at che corrgl exes and t hose contai ni ng a
1 bp or 2 t'ch. “B0" EXERPIS 5P BRpPRsY RIeBFondatat &Ptal t ernat e

base recognﬁhqﬂ@m arfdiebilndbngndm? | ¥rs et ched ;bﬁ:hmen Ediplpaemidl or
Dot <SR e LP LA Qe ORISR SRR Lo
minutes of incubation in the presence of 50 mM NaCl (data not
15 shown) . The rate and effilciency of parallel complementary
88DNA:8sDNA-F formation was very similar to that of
antiparallel complementary ssDNA:ssDNA-F formation during the
first 45 minutes of incubation in the presence of 50 mM NaCl
(data not shown). While antiparallel complementary complexes
20 continued to form easily after 60 minutes of incubation in 50
mM NaCl, no parallel complementary complex formation was
evident at this time (data not shown).
. NaCl facilitated DNA complex formation between a ssDNA-F
probe and an antiparallel complementary ssDNA target, or
25 b_etween a 8sDNA-F probe and a parallel complementary ssDNA
target, with similar efficacy, to allow differentiation
between perfectly matched complexes and those containing a 1
bp or 2 bp mismatch.

30 Example 5§

Examples 1 to 4 demonstrated alternate base recognition
and binding motifs occurring between antiparallel or parallel
8sDNA probes, and complementary or homologous ssDNA targets to
generate ssDNA:ssDNA duplexes, other than the conventional
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1" 9 JAN 2006 WO 03/010326 PCT/IB02/02791 antiparallel Watson-Crick

conpl ementary dsDNA conpl exes. This exanple will show that based %réN 2006
capabl e of recognizing and interacting with both conplenentary and

honol ogous bases at the sanme tinme. 5 Sanples of two pnoles of ssDNA Probe
No. 3 wer eWR&3PWR6at 95C for 10 minutes and al | owed t o pcaaBo2io@79i 0OM
tenperature for 30 mnutes in the presence of various concentrations of a
free base, resulting in ssDNA probes containi ng conj ugated bases.

Duplicate s r denat ured and

cooled in t%@abge%eéfoé 8‘5 %Q%gcglgo%é% “58 ggeﬁ?g%a%/%“ S8 onj YF8t ed ssDNA

probes. Twoe¥HEiles wailt pbawe thainjhagesedrer capableonjfugaicednsiRgA samdobes wer e

t hen ni xed mﬁé}acglﬂ?Dh% Ofot3s %ptl%gﬁéa:‘gn a[.‘.%e h%@? q{ 5290 AM YOYO- 1
f 4 e reac

and 0.5 x TBE in a nal reaction volune I 'on m Xt ures
wer e mcuba’f%%l Sqter B?ﬁterrperature (21C) for 5 mnutes, placed into a

quart zscuvette, sampﬂda afedwyi grid1aB ofll SHDNAI BRoBANS. @%Pehﬂ&.@éh At
wavel engt h of 488 and nonitored for fluorescent em ssion. The

intensity of> S IfGBré cBhRRESM LT Gtldededsta femicticorrash WwavRexatgtde for each

20 sanpl e afmt yaoedinithen i&xhehaolﬂr&éaaﬂcegaf%ﬂ%ﬁ%gﬂ%rﬁ@ioz% W@s r eact ed
with the 50; mervmldtlyg §ense strand of SEQ NO:5 or wth the 50- mer

mut ant sens& &t rARE of T35 NOR 7 B8PRR ¢ HE°}&?%S%%1“6P9Y®?@‘19“3C1
anti par al | ebasgonpl Brphicaty ssii s SPNAsDIATHeHeSNAD y\me&ef eLfETh-lpi g. 5A).

The flygor es&éﬁtu’r@&egﬁét ¥o&1dd tﬁldni.ﬁ‘}/ b%%&é? QRIO %derg S r}:ﬁ% amtI paral | el

conpl enentary dupl ex sense stra 3) “Was 45%
| ower than 9%9fFE Bbf’afln‘é‘épjwa?ﬁ@ Eémﬂécpmbemat ch®eb amcrlpiar alfl efhese

conpl enent ag t8X d:SeB8CosH f Prohe
! o e 5ok ittt YA Sete RSB il ),

Control sa es .Co i sing each 50-ner
exhi bited | v%'fosleSf % ﬁﬂ”gs&@ﬁ%eet Vil Eher BFRpSERCe P%n§ W"t gOYR9% |agder t han
that observed w tiast ke pesimqt |xﬂéac€f$r§hﬁﬁuﬁ{8p5§x@§ diFl 9rneAteadiienl evel of

fluorescence emtted by the 15-mer ssDNA Probe No. 3 plus 500 nM YOYO 1
was 395 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

mqnitored for fluorescent emission. The intensity of

fluorescence was plotted as a function of wavelength for each
20 sample analyzed.

When the non-conjugated gsDNA Probe No. 3 was reacted
with the 50-mer wild-type sense strand of SEQ ID NO:5 or with
the S0-mer mutant sense strand of SEQ ID NO:7, in the presence
of YOYO-1l, antiparallel complementary sesDNA:ssDNA complexes

25 were formed (Fig. 5A). The fluorescent intensity emitted by
the 1 bp T-G mismatched antiparallel complementary duplex
(sense strand of SEQ ID NO:7 + Probe No. 3) was 45% lower than
that obtained by the perfectly matched antiparallel
complementary duplex (sense strand of SEQ ID NO:5 + Probe No.
30 3). Control samples comprising each 50-mer ssDNA target plus
500 nM YOYO-1 exhibited levels of fluorescence which ranged
from 92% to 93% lower than that observed with the perfectly
matched duplexeas (Fig. 5A). The level of fluorescence emitted
by the 15-mer ssDNA Probe No. 3 plus 500 nM YOYO-1 was
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I 9 JAN 2006 WO 03/010326 PCT/1B02/02791 slightly greater than thaj AN. 2006
produced by YOYO- 1 al one. When the ssDNA Probe No. 3 was reacted w t‘ln t%ﬂg
50-nmer wild-type antisense strand of SEQ ID NO 5 in the presence of

YOYO- 1, the efficiency of parallel honol ogous ssDNA: ssDNA 5 dupl ex

f or mati on XA93/414326| ower than the efficiency of antipar acirasozeonpl enent ary
SSDNA: ssDNA dupl ex formation (conpare Figs. 5A and 5B). The 1 bp A-G

m smat ched paral l el honol ogous dupl ex forned when the 50-nmer nutant

antisense gi{and,o . react | th the ssDNA Probe No. 3 10
in the presen{:e of %](:)Ygfj nggﬁ%a\ggggoﬁcueng&&% gn?JsoﬁeOn intensity that
was 47% | ower t h&herhbke efAiNfedrbbet e Dorabecehytevhndithethéohbiregous

dupl ex (Fi gwitBtypéhandbsdfe 38PN R5Ohs: ¢ [ ' i e bases.
Conj ugationwz;ﬂ égygrml rels %f s?sDNA Pr obe Nod.\lqg @\notcsﬁr%pﬁﬁgl ggé% 1§r£free
thyni ne couFd¥esul tB§ n e38864AmheC oRBFaHRT algmologpus 0 BHPEA: 35RNA

honol ogous dupliexhi HobnationNowad boind 1b@et herragdednhe t HFIBEendPMRIcEMENt Ar'Y
A-T bi ndi ng_] eficall preferred. Reaction of 2 pnoles of, ssDNA
Probe No. 3'-’1111 (?%%Jgégﬁi edc\c/’\nm%/ er’%"gﬁﬂ’es S§PNL 1A R e) d%P?‘?PEZ PAONHSIOB the 20
wil d-type afeimpareeFégs angh ¢indSEQ) L D NG 51 ibp tahe pi etaiutedopariAD- 1

resul ted i npgamRbisal h p I hqnpl ogous, _sSs - SSDNA conpl ex
formation (F‘isrg. ré%Byg 'Idm%%tgg ?i%\%gg%e?]%%lt %&180%”6316% [ g‘ﬁt%?t t A" SRR pr obe
with 3 pnol 8K chy AEReID | ¥R17e ¥88drpretad alithobls cydia Bovhd &% .f 8r mati on

bet weeln t heiR5tper beesdnee WID| AHRLS | SQHUBHERS DY iB%estBhS aHiIBRLat i on of
I on can be linked to the ability of the

paral | el hopml ogous ¢ | ex formti
adeni nes i nﬂ%reé%ggxlo.t o “"Pit et Fct 9°‘§?’?mltthaﬂedﬁ‘§‘lty i ¥retheP¥ orfii§gat ed
conpl enent apgriicey iy npardidedshomslogeht dgplwkt kridie sBprol ogous adeni nes in

the ssDNA 30 target ) pnteractign with _avajl abl e.conpl enentary
bases was not dé[?l gt é?:@%rg%t\%&f‘hgr boermloéggugorbtlaﬁalsnﬁlx caoci‘?‘f‘llﬁﬁgﬁe@n adopt ed

by the honof¥ysgstbenealt ehepmohes rof mePYhAbBrabe By . cHmvwitdsB, pedlesefdfti ci ency
of forgatiofrdd WRAANLEClofPd result in 25% of the complementary A or

100% of the homologous T within Probe No. 3 bound to the added
thymine. Complementaryi A-T Dbinding is energetically
preferred. Reaction of 2 pmoles of &ssDNA Probe No. 3
(cqnjugated with 3 pmoles of thymine) with 2 pmoles of the

20 wild-type antisense strand. of SEQ ID NO:5 in the presence of
- YOYO-1 resulted in dramatically enhanced parallel homologous
8gDNA:ssDNA complex formation (Fig. 5B). Twenty-five percent
conjugation of the &=sDNA probe with 3 pmoles of thymine
increased parallel homologous complex formation between the

25 perfectly homologous sequences by 78%. This augmentation of
parallel homologous complex formation can be linked to the
ability of the adenines in Probe No. 3 to interact
simultaneously with the conjugated complementary thymine
bases, as well as with the homologous adenines in the ssDNA

30 target. Moreover, interaction with available complementary
bases was not deleterious to the homologous Ykinding
configuration adopted by the homologous bases and their

neighbors.

By contrast, the efficiency of formation of parallel
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I 9 JAN 2006 WO 03/010326 PCT/I1B02/ 02791 honol ogous conpl exes cont&i ni Ngné
1 bp AGmsnmatch (antisense strand of SEQ ID NO 7 + Probe No. 31) wiNe
increased by 16% when Probe No. 3 was conjugated 25% with thym ne than
when non-conj u%at ed Probe No. 3 was used (Fig. 5B). This 5 corresponded to
a 65% r edu?Pi%PO33¢ f| uorescent enmission intensity for téoamdozmared- G

m smat ched paral |l el honol ogous conpl ex conpared to that observed for the
perfectly matched parallel honol ogous conpl ex when the T-conjugated Probe

No. 3 was udRElodd BoRblNb=Cbohli S P%%Fg—%&@é%ggggp hep%gqme

specificity in d%SCI’I m nat i ng between perfec
honol ogous™ EGAPFExRE SR B0 P« stuobedNpar al | eérdahrmiregsed bpnpéexes.

Remar kabl y, whenf eedbey wal chegagntddicatbe! 269 J_tq.pqg{:ﬁr - .SSDNA
conpl ex for gg;li_g&.\{\{asa egh%u%%d b I{A?%l/o whenzPr g‘ge 1% i¥e3§§%¥%\]‘f‘“%%rf ed 25%
with thym ne was PeScred wit¥ket hloserse “efr atpbf (BE®) | AN 5 | Fhishe
presende of CYOV@IPn@Rilg. t&AR  6The widubtianeeus fIHdpeBELAON &R s@lbAdeni ne

i n Probe NOjnBeMdi j wgat ed, conpl e tary thym ne and_t he

conpl ement ar?. T ltt?’n Et%g glg%l\lx %gr g“é% a ’gsﬁgﬁglé%c{fB?F%'tlie&n homolAgouser f ect | y
20 mat ched SRATPIAK LHAIWRrednppebbat avlscvepl éar Reenpéaticrly hacamid on of
the 1 bp T- cardFlEit ¢hadlSdHusP b Nt at onpl_ex very

i nefficient_when T-conj u?;ﬁ gd .P%:(l)%ie wﬁgsnghg\arg%géé?%egﬁﬁa}%ﬁ?h %an 88%
decrease i "I 1§P8scenfoORINIRELBR 9% cHRS t 9sRNMpArekE t dnetassegensrat ed by

25 t hetoper f epe¢ifimateghednanti parialihet 140 MAMREE AT Yo FARNEX nSPALA NI NG

conj ugat ed i_l,'a {i %.1 q@)m 1l OIilss al sgﬁrem&rk bl e-that,| discrimnation between

perfectly natched and T 8% M sRBTRIEEe i JarkR | Bisnagepre nearakiel

ssDNA: ssDNARewphsigenescormlegeeat |y  enhanced by use of conjugated ssDNA

probes in the prRg8PreRf, pads ty-five rcent conjugation of
AT B U S B R

Probe No. 3 with Cét osine or guarosine also i hey of
both anti paFfA:EFPER npPERER SPFraptPpatas leahameatoloyd@s sEENAPSSHANA

conpl etg forRat i Drednjuyhtedr BEHERARMOELYRIE WasSed®ldd 33 thlthe sense
strand of SEQ ID NO:5 in the presence of YOYO-1 (Fig. 5a).
The simultaneous interaction of an adenine in Probe No. 3 with
the conjugated complementary thyfnine and the complementary T
in the 8ssDNA target augmented formation of the rerfectly
20 matched antiparallel complementary complex. . Remarkably,
formation of the 1 bp T-G mismatched antiparallel
complementary complex waa very inefficient when T-conjugated
Probe No. 3 was used, resulting in an 88% decrease in
fluorescent emission intensity compared to that generated by
25 - the perfectlyl matched antiparallel r-;omplementary complex
containing conjugated T (Fig. 5A). Tt is also remarkable that
discrimination between perfectly matched and 1 bp mismatched
antiparallel complementary ssDNA:sasDNA complexes was greatly
enhanced by use of conjugated ssDNA probes in the presence of

30 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 ssDNA:gsDNA
complex formation in the presence of YOYO-1, as well as
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1 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 inproved the specificityhgn 6
differentiati on between perfectly matched conplexes and 1 bp ms tyﬁ%gm
conpl exes (data not shown) . Formation of ssDNA:s5DNA conpl exes conpri sing
conjugated 5 bases proves that the bases in a sequence can recogni ze and

i nteract sWOOPPI8%| |y and sinmultaneously with both compcemoary and

honol ogous bases provided the conjugated base is a Watson-Crick conpl enent
to a base on the strand which binds specifically to another strand. The

recogni tion ikBrend kinddispec£AMILGULAL éﬂﬁ%r@ﬁ& fﬁq@gb gg@v?e Ipef:]? pr obe,

conj ugated bases and bases in a SsDNA e base
confi gur at i BRSSP} nEPRIP*eAt i358r & | Ghﬁnmhaﬁl @Pmph%?ﬁﬁ’A &BDRA roonpl exes
descri bed hehewm.. 15 Exanple 6 Exanple 6 denonstrates quadrupl ex DNA

formation betvve cont ai ni n m xed base sequences and
horol ogous rﬁ‘raggNA ?gb%%é@‘ RPN 19O %’E%Selq?mpmg% fugpgped

f or mat i%on i baeemmmyhahetpe esayme iof amvéquélh&ﬂtcaﬁﬁtﬁeea§n1§é) agded to
the reacti og, SN em%? Ei%béﬁlr:—li%e agg antise%e elgausgeov E)gf« : uences

wer e synt hesi zed, pur| LC an annea te
15- mer ds DNECHRBHEFtaps DﬁAdpﬁ@b\eéogwﬁe bk degt emrquidedldlelﬁé) atongugareent r at i on

of 1 pnol e/ bas@5ifr ﬁbWaNQonlérl\Q@S RmpPediBie dSPNA prabey ), ag. attached

quoresceln i et t each 5' position, and was deS|gned to be conpletely
horol ogous P8*& ISPTS”B’pcaééé’rréﬁt appthepe sEGaRbr  THY recpgRitinnget DNA
(SEQ I'® NO ayxd Ehmd:&gquedstffagﬁﬁaitjtdiﬁ Sﬂ&SJEeﬁtbaéléb 0fn P50BEDRD. pddnd,SFQ I D

30 NO 22) wg G GIG, The sequence  for t he

anti sense st ra :H'gyachPb%% -Iﬁ_océ Hﬁse Cgﬁ(’j‘ |5 g%agqugbe BLEE EHC FAG AGA
TGA CAG 3' tEachaﬂﬁ/bWreﬁim@fﬁcmnseaﬁmmd unxtautbpa(rmu)alcanaapam:tﬂe

fol l owing: BedvAMRbRA Sbnf13%E6tadliNPeq hdpaRhes of 5 42 1 9 JAN 2006

15‘ Example 6

Example 6 demonstrates quadruplex DNA formation between
dsDNA targets containing mixed base sequences and homologous
dsDNA probes labeled with fluorescein. Quadruplex DNA
formation is enhanced by the presence of monovalent cations

20 added to the reactiom.

Complementary sense and antisense 15-mer ssDNA seguences
were synthesized, purified by HPLC and annea;led as above to
generate 15-mer dsDNA probes. DsDNA probes were diluted in
ddH;0 at a concentration of 1 pmole/ul.

25 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 (SFQ ID

30 NO:22) was: 5’-Flu-CT@ TCA TCT CIG GIG-3'.

The sequence for the antisense strand of Probe No. 11
(SEQ ID NO:22) was: 5’-Flu-CAC CAG AGA TGA CAG-3’.

Each hybridization reaction mixture (40pl) contained the
following: 0.4 pmoies of target dsDNA, 4 pmoles of 5’-
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WD 03/ 010326 PCT/1B02/ 02791 fluorescein | abel ed dsDNA Probe No. 1]1, 1%N%6
Tris-HCL, pH 7.5 and 100 nM KO . The reaction m xtures were incuba%e" a
room tenperature (21C) for 1 hour, w thout prior denaturation.. Sanples
were placed into a quartz cuvette, irradiated with an 5 argon ion | aser
beam havi nYO433% engt h of 488 nmand nonitored for flrowBemant eni ssion.
The maxi mum fl uorescent intensities occurred at a wavel ength of 525 nm
the em ssion wavelength for fluorescein. Fig. 6 shows the intensity of

f1 uor escencel pbidRdnassBelldngl f el ength f each_ 10 sanple
anal yzed. In_the absence of K%%Lf,n@!pncl)DQAB]Pe\rllvzl?y':’n'gEgét?\%é"ﬁ’Ir THe® B8Pt Arkyet s and

Probe No. 1N Udtedfdd, Thesdeprpipn misitnrémrverkl docasmedt at ntansi ti es

observed whesmyddaul-¥ped r get SE 1 5), or tant dsDNA target
(SEQ ID NG 7) were ni Yod 1@ vmf_‘%'ﬁ gsﬁc\)ﬁgpr g%gg)?\%l\gli 15 AR SERBAE Pr obe No.
11 was presﬁ pleg ¥REe (Btredhdnta hoviartaf tevette]l honadiaredbaitloramt 21C in

the présencergdn 106n MMsKEL bedaDNAAS 'ngb'ﬂdg;gkgiﬁ% %%‘%,%“an OfDNA 20
i and ds

perfectly | ggQus._sequences on ds t ar get

Probe No. ﬁgﬂ(}ror%g ?85d?$’5’7‘?rersé’§ﬁ1:tﬁ‘ﬁ’ggﬁjf?na 6 Wpdeakxtmye filyoredeenmt ensity
of fl uorescintieneritdss oncanmedr adl howihalendftht beds2DynndSDNA Brobe Mo, 11

al one (| abefge.1 - (EtQ..6). .In gntrast, inconpletely honol ogous
dsDNA: dsDNA- F q%glggﬁp?)e)%egig??éﬁeﬁ'ﬁ' NO%?'9+ Sr (?E’r?WRIthil)’-Ft‘Eréﬁi‘t‘%ﬁ Mg a 1
base pair 25luAreRfieese welettesksast ablfenchiomese Weaeldr@thC i td00S. |

yi el ditng ondampar 38%¢lacy ease in fluorescent intensity conpared to that
exhi bited by dsDNA Probe No. 11 alone. The presence of npnoval ent cations,
- such as K+, at ‘8pddl% i reFFeeffr akGlonsnaabinddrng chetveano el odemuadr upl ex

?IO format i oredgeteeanddebbife tnd geis @(}d ds e o}_:g%}ltggsl Fg g\i,{dnlar _
uor escei ng4q sence of ,prior denaturation, Quadruplex ~formhation
occurred onnflt gteggglﬁ‘g Jb%%‘(?ﬁ%f‘g%ofgsﬁﬁﬁg Waer wiiditypei £gDNA garget

measur abl e €3 IPgHPt5larn mptgneadshNAaparGEt (@EQOIRMNAL) e et MBLd0N
bet weas fuldernaBBhedUebeNP! €4 43 when aspNa Probe No. 11 was present

alone (data not shown).

After a 1 hour incubation at 21°C in the presence of 100

mM KCl, dsDNA:dsDNA-F quadruplexes consisting of perfectly

homologous sequences on dsDNA target (SEQ ID NO:5) and dsDNA

20 Probe No. 11 formed readily, resulting in a 62% decrease in

the intensity of fluorescent emission compared 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

25 mismatch were less stable in these reaction conditions,

yvielding only an 18% decrease in fluorescent intensity
compared to that exhibited by dsDNA Probe No. 11 alone.

The presence of monovalent cations, such as K", at

specific concentrations was sufficlent to allow quadruplex

30 formation between dsDNA targets and dsDNA probes labeled with

fluorescein in the absence of prior denaturation. Quadruplex

formation occurred on the basis of homologous base pair

affinities, with a measurable and significantly greater amount

of quadruplex formation between fully homologous duplex
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T 9 JAN 2006 WO 03/010326 PCT/1B02/02791 strands. Mreover, the reaction
occurred at roomtenperature wthin just 1 hour of |ncubat| on at |I rH 06
of probe to target of 10 to 1, using natural dsDNA. The dsDNA targets and
dsDNA probe used in this exanple were honol ogous, contained 53% GC 5
content, anB%¥9183%ot contai n hormopurine or honopyri ni di peTasdleiehes on any
DNA strand The assay of the invention was able to identify perfectly
honol ogous dsDNA sequences and those containing a pair of nismatched
bases, usi ngteamorgggg_e The adrupl ex DNA assays
performed in, gﬁa wer e %%cﬁér ta%gerd %Ccﬂrﬁg&aa‘d Bh GIPREAES ent
cations in Fh r’réé‘éFr’orF%rxPEr’éscuWﬁéorspﬁcraf ratiq off ptoke asseyragwms furt her

15 exam nedofit10 itz ng disdiabgenitGall qBsyi O id t r
o WAO HP dabiik ga%ér%%gggé l%@\lent ent.

formation wyth d tlar s andr@ﬂsDNA F probes poss

Each hybrid zatl on rea8t| sn*“r’?& & (’ﬁmlf?%?sa%edcqmlnwsmq@g 0.4

prol esSof t aeRfeantas DA chqbrmbES cohtdin BOmdpuranes nhdm@%? el g NA Probe
The reaction

No. 11, 10 pMdudns 12 and 20
mixtures were | ncﬁgaat]re r oom gerrpm%rae"s("?l ’fI%Fr IpvEBEEOR Washout

prior denatktt Fn 1dsaﬁbﬁkspweﬁ@trihfadw0ﬂngmm QuBNA Zs64ierick8, andar r adi at ed

Wi th an ar getiodednedrite@hikeag Payvs ngs ap t 25,488 nm moni tored
for fluores ent. em ssi onﬁEFl g'B 7 sh owsm ecﬁ?%t gﬁglé?’y o?lnﬂ lfor%’gjg]

plotted as "Hiiction of  wavel ength for each sanpl e anal yzed. V\hen dsDNA—F
Probe MMo. 11 (with a 53- GC content) was incubated with the 50-ner
wild-type d@,@}j@l target (SEQ ID NO5) 30 or the nutant dsDNA target (SEQ ID
NO 7) in the presence of 20 MM MnCl12 and 20 mM MyCl2, quadrupl exes were
formed at room Thenprpdrwylexy e mrayde@at:ﬂdsrm ciondintdn@ng. eWitdr@

perfectly homliegess BYA Glladiynl.exgs J el e rrax mum d crease in
fluorescent_intensity, a 34% decrease the T %ogga AV o FRERPRS in
reaction mixtures. The speclficity of the assay was further

15 examined utilizing divalent cations to facilitate quadruplex
DNA formation with dsDNA targets and dsDNA-F probes possessing

53% GC content.
Each hybridization reaction mixture (40pl) contained the
following: 0.4 pmoles of target dsDNA, 4 pmoles of 5’/-
20 fluorescein labeled dsDNA Probe No. 11, 10 mM Tris-HCl, 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 cuvette,
irradiated with an argon ion laser beam having a wavelength of .
25 488 nm and monitored for fluorescent emission. Fig. 7 shows
the intensity of fluorescence plotted as a function of
wavelength for each sample analyzed.
When dseDNA-F Probe No. 11 (with a 53% GC content) was
incubated with the 50-mer wild-type dsDNA target (SEQ ID NO:5)
30 or the mutant dsDNA target (SEQ ID NO:7) in the presence cof 20
mM MnCls and 20 mM MgCl,, quadruplexes were formed at room
temperature under non-denaturing conditions. While perfectly
homologous DNA quadruplexes yielded the maximum decrease in

fluorescent intensity, a 34% decrease, the 1less favourable
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44 1 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 dSDNA: dsDNA- F quadr upl exes
containing a 1 bp msmatch (SEQID NO 7 + Probe No. 11) produced % JAN 2006
fluorescent intensity that was about the sanme as that observed with dsDNA
Probe No. 11 alone (Fig. 7). 5 The presence of divalent cations such as
Mh+2 and MYPB30¥03¥i | it at ed quadrupl ex formation under neordsnabisii Ng
conditions to allow accurate discrimnation between fully honol ogous dsDNA
target and dsDNA probe quadrupl exes, and .quadrupl ex sequences containing a

pai r of basempwhl&oMa-¢& gkl ; | e 8. The, quadrupl ex DNA assays
performed in Exanpl es 6 g%d 75%\%%% acﬁaﬁﬁ?rg%)ead oyPt P}é&%%&;‘t RﬁﬁQ ot ei t her
nonoval ent &FT ohE¥oPs BP- diWaPeRduqast rofitudueschet riewensbry mhat wes. The

next Exanpl ebdenvtiss reaimes abhenPesibi-tdd Yih S5 0RLOGAHS 1410 upl ex DNA
assay when t(g.g i ntercal ator, YOYO 1, ils e%r‘%i oyggi.) %prllérrgn aery sense
and antisense 15-ffer ssDNA sequences 20 were synthesized, purified by HPLC

and anrfeal ed as BOVprddencgentl aiSalonteadsiNA RLALES. PIPEES Wer e
. 2

diluted in 7 t .a concentration_of 1 pnole/l. Probe ) s a
15- mer dsDN&ggg%geate ent ﬁgﬁ‘gqﬂjrexseqmi% PrigierNo. nan-depatuninchout t he

attached 5' copéitiomer esceiallaowi eiccasatd haiseANANEELAOr bthReeseNEE S rand of

Probe No. 1 3) » 2 -CT T CTG GIG 3'. The sequence
for the ant i%ggﬁgéegdgg r a&r@% %%5 N 1%]5[\%@5% I@%}‘PWS'S'Q@C CAG
AGA TGA CAGIgadruyy exactedwebresli zontaimingact i mnimi off Wbesded Ovtii)ehe attedi ned t he
fol |l omong: QidmideHesas of dsDNA target, 4 pnoles of dsDNA Probe No. 12, 0.5
x TBE and 100 nM of YOYO 1. The reaction m xtures were incubated at 21C
for 5 mnutes, placed into a quartz cuvette, irradiated with an argon ion

| aser beam Baampile & 45 _
';'he quadruplex DNA assays performed in Examples 6 and 7
were facilitated by the addition of either monovalent cations
15 or divalent cations in the reaction mixtures. The next
Example demonstrates the specificity of the homologous
quadruplex DNA assay when the DNA intercalator, YOYO-1, is
employed.
Complementary sense and antisense 15-mer ssDNA sequences .
20 were synthesizéd, purified by HPLC and annealed as above to
generate 15-mer dsDNA probes. DsDNA probes were diluted in
ddH,0 at a concentration of 1 pmole/ul.
Probe No. 12 was a 15-mer dsDNA probe identical in.
sequence to Probe No. 11, but | without the attached 5’
25 fluorescein moieties.
The sequence for the sense strand of Probe No. 12 (SEQ ID
NO:23) was: 5’-CTG TCA TCT CTG GTG-37.
The sequence for the antisense strand of Probe No. 12
(SEQ ID NO:23) was: 5/-CAC CAG AGA TGA CAG-3'.
30 Each hybridization reaction mixture (40 pl) contained the
following: 0.4 pmoles of deDNA target, 4 pmoles of dsDNA Probe
No. 12, 0.5 x TBE and 100 nM of YOYO-1. The reaction mixtures

were incubated at 21°C for 5 minutes, placed into a quartz

cuvette, irradiated with an argon ion laser beam having a
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I 9 JAN 2006 WO 03/010326 PCT/IB02/02791 wavel ength of 488 nm andugoleNt %Ed
for fluorescent em ssion. The intensity of fluorescent em ssion S
plotted as a function of wavel ength for each sanple anal yzed. The
fluorescent intensities observed when no target or 5 probe was present
(YOYO- 1 onVPP3/80&6shown in Fig. 8. Fig. 8 also shows theribimpregcent
intensities observed when the reaction m xtures combi ned dsDNA Probe No.
12 with wild-type 50-ner dsDNA target (SEQ ID NO 5) which contai ned

h I LEHYESS o £0l gi r.ot.ner ds arget s ich, but for one
lgmr)n' g?rggihggggajr of ogaggg\", h‘go%?&laiIﬁ%&%@ﬁ%eﬁ%@sﬁﬂ#&ﬁc%eemﬁBi"r‘Eﬂogous to

the base sedii@ncEEeniitvie fsDRPumrassentio. erizsiokionmsogplstiwd dasype dsDNA

target (SEQflbbtNGndhiWheretngstNfor lelch NG ARCLLON JUgxt ure with the dsDNA
Proge Nf) 12 pr uce% tggg fgeat egsrt effuores‘?gent %}{ensmy. M smat ched dsDNA

targets 15 when i1ic th TRHSRALPHheohgprved wher heor barastorpami xt ur e
yi el ded | esperbd |weer gzecabt | (HOYOSLt ynMA)| L% LABEL Nth fHigM g0% plesss for

dsDNA targe E +10) 1.0 _80% | es or dsDNA target (SEQ _'D NG 11),
conpar ed toh%égt_gg%ﬁﬁg\%e bf/ilgoerre SePY yinLrﬁ?% squ%‘_lﬁ'eﬁ'gleéxé@e(lﬁ the g8). 20
It was obseFFRH I Ramipsnptsd gerbigedddsiiieosbe Fbabil iwath wayaYEHR 1

i ntercal ati e0,md0rdERMANRRBg&EAtHY TRENEE ﬁ%ﬁ%ql neh ALOFY, and g dSDNA

%han wh
robe when that probe contained perfectly ogous sequenceg, han en
Fhere was a"&FHYICEPpalPt "Bith Bowe CtRr cAeRMEY tanget huimbthbgdwe, fohaind s to say
i denti'®al , tweB:chefaigaial bfSeases, t RendsDNY t 36Q&Ince NG LA DL EX

conpl exes ri Ln e foregoing three exanples are referred to by us
asmrori rror hgﬁéo (?aléﬁg. : gﬂ%l R3%p ﬁfq“%n't’ﬁ‘? siRxEhp| PNB0 Prebe DA 2 -ar get s
wer e exposeHonelogous 394 B tpemdsDEs [Nérb geitoh8Eq Probgo #‘dgt ﬁvl;%hi py\@ﬁérﬁ;l ][l o

Wat -Cric TRl SR LAl [ we ases, o e_strands o e
prozcemandI prkr(l)xtigrral basgéﬁo*i’%éﬁgés?&g%d‘géeoffﬁ%ﬁg ?E%eetN%&ﬁ Pﬁ%du‘_fﬁﬁ or
groove of ohR® FARSPERSE sEPiaresgent intenminyr geiemabcbéd ABDNA targets

15 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). |

20 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 prerfectly
homologous sequences, than when there was =a single pair of
bases which were not homologous, that is to say identical, to

25 a pair of bases in the dsDNA target. The quadruplex complexes
described in the foregoing three examples are referred to by .

us as mirror homologous.

Example 9

30 In this example, 50-mer dsDNA targets were exposed to a
53% GC 15-mer dsDNA probe (Probe No. 13), wherein Watson-Crick
complementarity exists between bases of the strands of the
probe and proximal bases of the strands of the target when the

major groove of one duplex is placed in the minor groove of
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I 9 JAN 2006 WO 03/010326 PCT/1B02/ 02791 the ot her duplex. The segus&ii
bases in the duplex probe are. not honol ogous but are inverted i

to those in the duplex target. The dupl exes, when nested maj or groove

into m no roove, are parallel to one another, and referred 5 to by us as
nest ed conﬂ%&‘f@ %ﬁry. Conpl enent ary sense and anti sense pba/nE®yozss DNA
sequences were synthesized, purified by HPLC and anneal ed as above to
generate 15-ner dsDNA probes. DsDNA probes were diluted in ddH20 at a
concentrat i MheObt enc or t nse strand of Probe
No. 13 (SEQID N%ﬂgzl& lp%k LH’G%%“%\%?&J GIR gns%geﬂ@%éq%% for the
antisense st¥&nd°bf Q)]lﬁ,SONIS buj a{QSEipweDthlﬂ) 24) relaioh’ +&TEh&HL RCT ACT

GIC- 3' . Eaclthhyldupllex ati treacﬂé) e I ed the 15
fol | ow ng: | es of@{éar get lé&% f’ﬂ& % B&%%I\I%?alg%bgm%e 13, 0.5

P
x TEE and 1 Bé?l TRV 1o 3 r%"&@tl;l% 'ﬁs?xftrlﬂ @nother e dndcuabfeecedt room
t enper & ur e tE2hC)usf @ ﬁemewt:eaplen;dnaeeg In a quartz cuvette, irradiated

Wi th an argon i a, Bga yin veI ength of 488 nm and nonitored
for 20- fluor escerrlrl %ﬁné%t @e%l% F?“?ﬁ gjfﬁ'ﬁ‘@Fe%%’%l\‘ﬁ SSANSRET  was

plotted as é’eF%n%YW%??SGFe%vm@fgteﬁ waemham:araﬁrﬁalaaaggzwbvé:ltg, 9

i | | ustrat es gehedaten ﬂshﬁieﬁbaﬁﬂ@ﬁ | or @l on 5\ est
fluorescent intensities were achfgeveg \Aﬁgﬂf’%%e Wieg St b%u L 18 dsDNA

target (SEQHONEE 53 %@enea@ttm wEt h drede 5L ner dsDNA Probe No. 13, which

was a 1operfect nmeC Yo t t ar get
(SEQ | DpNO gg The Pfﬁgﬁfﬁgﬁ%eﬁ]{gﬁ%gﬁ%ﬁ%dpﬁﬁ Ve o Q%Dﬂﬁ 2%i i ng

taking pl acB*TH FRFS  XaSBCquARR uplPhx G5 nBAF Y .30 bet ween the dsDNA
target and t_he rma:et Esiqﬁéﬁ@é efgnt ﬁl‘ié/ S NAn P prandv%@nﬁro%%u}% t get s

whi ch were dwththe olexcﬁroe a single pair Sases when
mat chi ng vvas assesse o2 fhe TRt HhofSFoR haSTS- 3t nested

Each hybridization reaction mixture (40 pl) contained the
15 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

C

were i1ncubated 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
| 20. fluorescent emission. The intensity of fluorescent emigsion

was plotted as a function of wavelength for each sample

analyzed.
Fig. 9 illustrates that in the absence of prior
denaturation, the highest fluorescent intenaities were
25 achieved when the wild-type S50-mer dsDNA target (SEQ ID NO:5)

was reacted with the 15-mer dsDNA Probe No. 13, which was a

perfect match on a nested complementary basis to the dsDNA

target (SEQ ID NO:5). The fluorescent intensity is indicative

of DNA binding taking place, in this case quadruplex formation

ao between the dsDNA target and the nested complementary dsDNA
probe.

Mutant dsDNA targets which were mismatched with the

duplex probe by a single pair of bases when matching was

assessed on the inverted homology basis of nested
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47 1 9 JAN 2006 WD 03/010326 PCT/1B02/02791 conpl enentarity, forrqag Q
measur ably fewer quadruplex conplexes wth the dsDNA probe, than |‘£N{ ﬁcgﬁ
fully conplenentary wild- type dsDNA target. The various m snmatches, which
were assayed on a mrror honol ogous basis in Exanple 8 were assayed on a
5 nested cUAPBBWEIt ary basis in this exanple. As shown ipemiBo2®1 the
fluorescent intensities produced by the quadruplexes formed with the 1 bp
m smat ched dsDNA targets plus dsDNA Probe No. 13, ranged from8%to 16%

|l ess than t | by fectl tched quadruplexes (SEQ ID 10 NO 5
+ Probe No. 13 ! a%%%t@?”di Egﬁer%e ﬁ‘&#&%ﬁ?w ferHgFe R 1o scampdererd

bet ween per f'&&t FhaoAePHydrebandtian tdial Ithehdublp o] eqe@ciyphexes i n
Exanpl e 8. Type augged=Sqklatpfdl y .Qr base pair
m smat ched nested .conpl e%nt ar yéjl\}Sa&ég%%ArWipsﬁgggég%’l r?vg"ifcésgefﬁ sa%lsla?ﬁ“‘ﬁat ely to
dsDNA t ar get®& thd+g8 RPPISechenbreifoun dBBMoler dbesre \insapedi ot ai t h
greaters speestedid¢ompléhestaiabibes SHPWa1L halamfidtson- Orick quadrupl ex

bi ndi ng bet Ween%\e%’gped gonpl ement ary DNA dupl exes readily occurs in 20

t he presence of 1™ BRanp? e 0 "BRafbirepgenk ntiensat ies tiveduced assay
of the inve®¥i die camddiuptexed nidmmedetwiedn yher frechyd ymidithada Wabson- Ori ck.
25 conpl enerhagyedSPNA %Nﬁ s .and _ds : SSPNA conpl exes contai ni ng
1 bp, 2 bp a d§3 Eﬂp m snat ¢ egg eﬁﬁ{og’ clg't’i (’):ﬁPEDé\@o%'co&h&é’né:Pnésﬁgéﬁﬁ such as
the DNA int &F88| 5edh aakdered Py perfessdy. mEactied dosidighidesn (BRBACLH On

m Xt ur® (40Np:sontmicpednd he3)30 fol l owi ng: 2 pnol es of target dsDNA, 2

pnol es of ssPNA CPJ.Ie%%e 8‘5 x TBE and 500 nM of YOYO 1. The reaction

M xtures were | RCUDAE ed AP B3Rt tofberisk ufdupsercenrer e elsesvedl aced
into a quarbeteesret t perfeqtddi atlesholbibusin 8A@0NpheRid1ase’ RERALsHAYI N9 a

wavel engt h &Laéﬁﬁ:l@@e@ndiﬂn%ia%pgg f8r fly r:i?ssc%r&tggggts that fully

complementary or 1 base pair mismatched nested complementary

15 dsDNA probes bind less discriminately to dsDNA targets than do
mirror homologous deDNA probes, which bind with greater
specificity.

This example shows that Watson-Crick quadruplex binding

between nested complementary DNA duplexes readily occurs in
20 the presence of YOYO-1.

Example 10
Example 10 demonsi_:rates that the assay of the invention
can discriminate between prerfectly matched, Watson-Crick.
25 complementary dsDNA:ssPNA complexes and dsDNA:ssPNA conplexes
containing 1 bp, 2 bp and 3 bp mismatches when a cationic
decondensing agent, such as the DNA intercalator, YOYO-1 is
present.
Each hybridization reaction mixture (40pl) contained the
30 following: 2 pmoles of target dsDNA, 2 pmoles of ssPNA probe,
0.5 x TBE and 500 nM of YOYO-1. The reaction mixtures were

incubated at room temperature (21°C) for 5 minutes, placed
into a quartz cuvette, irradiated with an argon ilon laser beam

having a wavelength of 488 nm and monitored for Ffluorescent
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fl uorescence was plotted as a function of wavel ength for each sadl AN 2006
anal yzed. The fluorescent intensities observed when no DNA or PNA was
present (YOYO-1 only), or when wild-type SEQID NO 1, 5 mutant SEQ I D NO 2
or nutant YSEPPR0O 3 were reacted with antiparall el PNECPuBIR@2MD. 1 or
parall el PNA Probe No. 2 are shown in Figs. 10A and 10B, respectively.
DsDNA: ssPNA conpl exes consisting of perfectly conpl enentary sequences (SEQ
ID NO 1 + Pephasniba. 1) | pyved I pemd tion _between 10 YOYO- 1 and

t he conpl exgs, el di n’g@t he hi Sgggt g?l tf&pég‘%:%ﬁetncgi ntendl PPE%‘Q(??Q.’" 10A) .

The f1 uor esE&HItPRt ehHaviedenstgh foropech isagplpainalyedat ched dsDNA: ssPNA

conpl ex (SEQ | DTN 21dof¥sdear NocerkitdB6 BridRB2SBeR s ISI&ASf%I d
dsDNA:ssPI\lAwacsongJI:exen(tSE& YI D NO? + Probe No. aﬁv\as 97% and 99% [ ower,
respectivel Y- 15 Than t HE perf LYYy nBY cHESR b tyBPNEERoFR &¥0:@Fi g. 10A).
SimlaPly, WHentpSEQl I8l NONA Brohetad: @Eorvad hwynd weget Beacted Rl nds DNA
sequences, theAne1 800 o hase 981 1 WSTALENEY ARDNssFIA compl exes

exhibited fluorescent_intensities that €
respect i vel §EOWhadnt Helgser f 8¢k | pnd0 tUhp| ereprchiyeliz DNA: DsDi: sxrmpl exes

SEQ | D NO domp1Rkeb ecd¥ i | ) t d
fjs DCI\DIA: ssP m(?%?exces cigﬁ%i)lgs'gc{:ﬁngegf%&%)lzl F%&%“%ﬁgﬁ?pgrer%gh %)gi (%,%Sor SEQ ID
e

NO 4 and Pr - D BFRAUCR tHuRPSUeRt MRRiE| intesachien batwee89% and
97% | dder, YeRpectdndelthe tdmmpliekes peyierdi:ng Ameetichest d%%ée%ge%

conpl exes ( h ). ntr a es conprising 50-nmer dsDNA
targets pl u%a%glseg{if%ﬁgél lrse%‘;}h'i bl%%déiurér’ggiage’gf qBFﬁ‘Eﬁiég@énf:‘ér Vhio®R were at
or bel ow t heasq @adt wvistdtgbeéséeNte sobleraceglakt 5D ip Noszat GhieBeconpl exes

data not s . lewe I et e either 3 SPNA
E)robe pl us Ig%\gﬁ%]Ma%@O%Ot?%t %3%{ gri E\%ﬁ?‘%ﬁ%ﬁ ?c%‘%ég?%'co}é‘ f‘ﬁ e(%EEy YOYO 1

al one (dat aFhdIC:ShawfroPasNehel et 3f andi SRkt towdrat weenettioreiyobe and

the tasget tmor eggedpedfertlovahtcendd | MmmAGkbeD SbmpiQYO iyt hohle

m st ched SOMLEXFS WALM BLslSh HRACe.E0S W' egslLY 9huhhuRneteen

target dsDNA sequences, the one and two base pair mismatched

dsDNA:ssPNA complexes exhibited fluorescent intensities that

were 92% and 97% lower, respectively, than the perfectly
20 complementary dsDNA:ssPNA complexes (SEQ ID NO:1 + Probe No.
2) (Fig. 10B). Three base pair mismatched dasDNA:ssPNA
complexes consisting of SEQ ID NO:4 and Probe No. 1, or SEQ ID.
NO:4 and Probe No. 2 produced fluorescent intensities that
were 99% and 97% lower, respectively, than the perfectly
25 matched dsDNA:ssPNA complexes (data not shown). Control
gamples comprising 50-mer dsDNA targets plus 500 nM YOYO-1
exhibited levels of fluoréscence which were at or below the
level of fluorescence observed with 3 bp mismatched complexes
(data not shown). The level of fluorescence emitted by either
30 ssPNA probe plus 500 nM YOYO-1 together was identical to that
emitted by YOYO-1 alone (data not shown). As the degree of
mismatch between the probe and the target increased, the level
of interaction of YOYO-1 with the mismatched complexes

diminished. Hence the intensity of fluorescent emission
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I 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 decreased. This rel atio-rllﬁgiﬂNhfﬂhéj
whet her or not an antiparallel or parallel PNA probe was used.
characteristic level of fluorescence emtted by each conplex was nonitored
over time and was stable between 5 mnutes and 5 24 hours. Interestingly,
when 15- meWO1039P 9836 dsDNA sequences were reacted wth 1%crasoz/ods pr obe
sequences, larger differences in fluorescent em ssion were observed

bet ween perfectly nmatched conplexes and 1 or 2 bp m smatched

conpl exes- vigh |1 el 1 robes. were d, .than when antiparallel PNA
probes were us.eeggé(?data 'flﬂc?t% S%S%S%anﬁ@ef Béjéi,e t"f]ﬁ?tgﬁlor%céﬁfz i Afensity
assay neas@tHigargbbBNA: sePNApatripledx P¥ANaprohei Swabl eused di St i mpeli Sh
between Wi didrb¥per SAGUENGSS]1 A0E ENIRSE | Ol , R QE13, PP 15

mut ati ons, wi thout gri or denaturation 8?8{3‘%1% %aulp@lggé &Aegcf}grcﬁénp?‘eﬁxarrpl e 11
The speci fi't4® JFOBEEPTRY ey thBasig et stpblx Berweani Bnmimgegr sndt ed by
YOYO 15 was daumbhes. i nvesti gated by reacting wld- type and nutant dsDNA

targets of m xe ase .sequence, wt antiparallel _and parallel ssDNA probes
’ pere“?‘ngg}éha%?’ht r%‘r?‘e&f ‘fﬁf@ﬁl’ﬁ\ £5PYfet ESqYSRCRENYBFE di zat i on

in the absence Of prio
reacti on niseagted (Wil lSeméximNAdprdlee s2fuéntdgwilagger? qQABteshceb Lar get
dsDNA, 2 pmahgsefiass :qhe : nd 500 nM.of YOYO.1, The
reaction m xtur gs (\a/ver %sﬁéggaygﬁga%ngr%g?ﬂgt gﬁ%’éereé’t l?reé‘”ff‘éfljéﬁ "fa(’f'f:hggm nut es,
pl aced i ntP"R1gtes tandc dver t2 boi piemitahed opurlexas awhpon paoal ledseNA beam

havi ngo a wepelbenokdrofustll BRARNhCRDRLE HH41001 Sl OhBEEE e 30,604 SSI ON.

The intensi}%ﬁof flu resgence was plotted as. a function of wavelength for
each sanpl e 8 H2e P WHén the antiparallel ssDNA Probe No. 3 (with a 53%
GC content) waShewesitired Vthd tthacbébosnr Widiknsypp G t@dgRkingSEQ | D

NG 5) and IHED%RI; sm&%&ggt %o:(‘msa%golnDiyoaglgngo ScE‘.(gtlngé:Psh between

wild-type sequences and those containing 1 bp, 2 bp or 3 bp

15 mutations, without prior denaturation of the duplex DNA
target.

Example 11
The specificity of the assay measuring triplex formation
20 promoted by YOYO-1 was further investigated by reacting wild-
type'and mutant dsDNA targets of mixed base sequence with
antiparallel and parallel ssDNA probes in the absence of prior
denaturation of dsDNA targets.
Each hybridization reaction mixture (40ul) contained the
25 following: 2 pmoles of target dsDNA, 2 pmoles of ssDNA probe,
0.5 x TBE and 500 nM of YOYO-1. 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
30 emission. The intensity of fluorescence was plotted as a
function of wavelength for each sample analyzed.
When the antiparallel gsDNA Probe No. 3 (with a 53% GC
content) was reacted with the 50-mer wild-type dsDNA target
(SEQ ID NO:5) and mutant deDNA targets (SEQ ID NO:6 and SEQ ID

50



I 9 JAN 2006 WD 03/010326 PCT/1B02/ 02791 NGO 8), dBDNA: ssDNA conp] Sxes %ée
formed at room tenperature wunder non-denaturing conditions (Fi g

Wil e perfectly matched DNA conpl exes emtted the highest fl uorescent
intensities, inconpletely conplenentary conplexes with a 1 bp 5 m smatch
(SEQ | D NQYB0301826be No. 3) and a consecutive 2 bp mi st | D NO. 8 +
Probe No. 3) produced fluorescent intensities that were 63% and 95% | ower,
respectively,. than that observed with the perfectly matched sequences

(Fig. 118 noTde |t sho L p16s 16806 S, LI 3080,05 L0 dedies. o, 10

ni smat ch between the prob | TiCT €356 PEPFES ¢
fl uor escent“ﬁl‘?ﬁ%rf!ﬁnt‘§leéﬁﬁ?ﬁrige(?°ﬁ9ll‘ém c@pl eXlAhas Woiliet meefeondar tine

and was st aiahtecHal WaA 5 JBmBUERSs aNEni t4AaNowhs. 98L& SANRLES-&GAMPri Sing
50- mer dsDNA ta(rﬂqg pl us 500 nM YO\}Ol exhi bi tedal evel s of %?uorescence

whi ch were IB-BEEHCE he TEFRLCEELY | P SREMHEF Yo FSRP IS WE B 22 b BE srmat ched
DNA cofipl exessnataha (880 ThoMm)e Hherdbev®b. oﬁ)fémr&s&g{géeutg@lez’ &Iﬁd by the

sSDNA probe,p, 00 YQid. gas Ldgnt i o chi.eved YOYO- 1
al one (dat amn%)dtl&s?ﬁ ( \}% q\ioly m | gr reslfcrﬁt th\eP %‘Eﬁ‘% r#éﬂ‘%ﬁ%‘h o5 er
anti paral | ante%DW 29h®¢ OM@SE wWede amshaciséd haweh, \Mrésbetqtpeew, ntkizant 50- mer

dsDNA tar geﬁa& hawd dydreai3? 7 n react I on
condi ti ons, @y nonst rat i négj’tﬁe% |§ﬁ%€§9o&%hﬁe&l g%lr{:l}é rrg%

formation as uthis ZeKEL aft | Pcnepeencs Himinpele as |tﬁi’Ge§eﬂ¥Rmt0fof t he

percenp CGC misnatrh Obetson 2%hesOiyy obas angt DNﬁéa?éaQs%ES (dafi not
SDNA conpl exes were

shown) . I L h resence of YOV

f or med V\herr:h%%[e c%gﬁl ef&@‘ﬁm bénﬁﬁnsifymﬁ§hfl?jé:§€t BY 39N CPRRIS0- ner

wi | d-type dsmqrartgeed(sm ItDrEOR5H wasndstraiilanbethsdddA ot anigatéss (0 | D NO 6
and SEQ I D ﬂp &) re. Th%oﬁ@rél' ug{)ﬁgnt X&Bﬁ%ﬂﬁ 52’ Aoma PR m 1 Smat ched

DNA conpl ex g I'D NO 6 consecutive 2 ‘?ﬁ smat ched
DNA conpl eR*Y55ERE0| 1 NSO - 41 Pripii tRe. leyelge P ﬂm@wae%%whémrwere

respeasti vel yeldwahet Date DYRIMQEroycddie BEELAd WibBt £heH niskdbenees (Fig.
118) AS thSNdegomp e%Lsm(%nggcgogegﬁ\gﬁnq the Tl?e level of fluorescence
generated by the ssDNA probe plus 500 nM YOYO-1 was identical
to that achieved by YOYO-1 alone (data not shown). Very
similar results were obtained when 15-mer antiparallel. ssDNA
20 probes were reacted with wild-type or mutant 50-mer dsDNA
targets having 33% GC and 73% GC contents under the same
reaction conditions, demonstrating the reliability of the
dsDNA:8sDNA complex formation assay utilizing antiparallel
8sDNA probes, independent of the percent GC content of the
25 88DNA probes and dsDNA targets (data not shown).

Similarly, in the presence of YOYO-1, dsDNA:ssDNA
complexes were formed when the parallel ssDNA Probe No. 4 was
reacted with the 50-mer wild-type dsDNA target (SEQ ID NO:5)
and mutant dsDNA targets (SEQ ID NO:6 and SEQ ID NO:8). The

30 fluorescent intensities for a 1 bp mismatched DNA complex (SEQ
ID NO:6 + Probe No. 4) and a consecutive 2 bp mismatched 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
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I 9 JAN 2006 WO 03/010326 PCT/1B02/ 02791 probe and target increased, the

| evel of fluorescent em ssion decreased. Slightly less discrim nétq ofN 2008
between perfectly matched and m smat ched DNA conpl exes was observed when a
paral |l el ssDNA probe was used than when an antiparallel ssDNA 5 probe was
used to geWOa0HW326he dsDNA: ssDNA conpl exes. YOYO 1 faci lsgrabesh2i9mA conpl ex
formati on between an antiparallel ssDNA probe and dsDNA targets, and
between a parallel ssDNA probe and dsDNA targets, to allow

differentiati rfectl t.ched coppl s and those, 10 cont ai ni ng
1 bpor 2hb k?nﬂ%%g{dgﬁgg?g% Hou g%,(g,g t&’?qgﬂ’%ﬂ?ﬁe)ﬁ%?e%‘ﬁnﬁr SHLFHF at i on of
dsDNA t ar gefiscreaasdpl e 82ightdyc obgese xdis cirdmivesct lion Berwpbes pddfestdyll were

15 stabilizpdedyed h@nMiisHﬁt%l%ﬁl A cc\}\(ﬁ\i%cgjs prvﬁgergbsiegv&@ewh%g la.%lt hon
S R

m xtures. The %Elecificity of the assa urther exam ned u Zi ng

di val ent caPfbirs-alo SEPEBADRECRENHaEt ¥Rd ithan wharplaax apbipemaldal WiDNAGS DNA
targets andpssktdNAvas psed&H gbaskatry Rhé diiadal BEDNE ShbPdkdd Xt ure (401)

cont ai ned t he ol l owi ng:,.0.4 pnoles of target dsDNA, 4 pnoles of 5'-

fl uorescein Iabg’&é’fg'is&%@%ﬁ'&ﬁ%‘?c‘ 16NV SRRd eRicIfongRt o bekean &gt o 20 M
each of MyCagtiperali€l2 ssPHE peals¢ | and MiMDNK eBaryutist idiellRitedent ar oOom
terrperaturepgga}ﬁ)elforaﬁﬁ@eou r‘gg%]gt Nsa 01(‘%%&&9'[ ;t%gglﬁgglfr%po&m?l nute to 2

hours, w thout prior naturati on of -’ Fol
i ncubat i on, déEfRHeAS Latkore Qetaeer penfechlyusaticheduvenplexelr aadictad Wi th an

argon 10i on kagedidiagmbhayi g a wWaveleRMdhal $88naR and mRAiLt pLkdf o

fluorescent _.em ssion. The maxi mum fl uorescent i ntensities “occurred at a
wavel engt h 5P F95 OFnfle R O UYn SHBYVR I t&¥geRe 30 for fl uorescein. The

intensity of fluorescent em ssion was plotted as a function of wavel ength
for each sagm‘@p anglyzed. \Wen the antiparallel ssDNA-F Probe No. 5 was

I ncubat ed for ]hour with the 50-ner wild-type dsDNA target (SEQ ID NGO 5)
in the presence We 15ompMléenr@ 2 fended5 imM Mx@iRless2 10 and 11 were

15 stabilized by the DNA intercalator, YOYO-1 present in the
reactlion mixtures. The specificity of the assay was further
examined utilizing divalent cations to promote and stabilize
complex formation with dsDNA targets and ssDNA-F probes.

Each hybridization reaction mixture (40pl) contained i:he

20 following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and 1
mM to 20 mM each of MgCl; and MnCl,. The reaction mixtures
were incubated at room temperature (21°C) for various lengths
of time ranging from 1 minute to 2 hours, without grrior

25 denaturation of dsDNA targets. Following incubation, samples
were placed into a quartz cuvette, irradiated with an argon
ion laser beam having a wavelength of 488 nm and wonitored for
fluorescent emission. The maximum fluorescent intensities
occurred at a wavelength of 525 nm, the emission wavelength

30 for fluorescein. The intensity of fluorescent emission was
plotted as a function of wavelength for each sample analyzed.

When the antiparallel 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,,
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dsDNA: ssDNA- F conpl exes were fornmed very efficiently, generati ngqga a6
decrease in fluorescence conpared to that achi eved by Probe No. 5 al one
(Fig. 12A). By contrast, dsDNA:ssDNA-F conpl exes that contained a 1 bp T-G
5 mi smat chWPSMeIB® NO. 7 + Probe No. 5) were nuch | ess stegimgozodrert he
presence of 15 mM MgCl2 and 15 nM MnhCl2, yielding a 15% decrease in

fl uorescence conpared to that emitted by Probe No. 5 alone after a 1 hour

ncubati on - t o %, ntent) was
eaoted i eRe B o hARaPEEr© i a8 Bbllbiihed, WL BRI
content), &% SEREFERTE Y/ JePgBREiNSe it o7 4lasdastreese ednc Siparasgence t hat

obt ai ned bycdibabed N thadl 88Ridddiby 1BAdne Bdi GatioHe QF180 1A, spnPI ex
formati on. Th|s resué was expected (ion5|der| ng this robe and target

combi nat i orf WEARE 1 STV PACEA S 1P 658 cﬁhaHSCQWaEﬁ%gp?e%eHEeTb? 10 nM
MyCl2 &and TfismbtdinClSEQ tIbeNo ds DNERras®N¥e F 50 0kple xschpQese Ssiargeaih 3% GC

content and..cqntalni I 0 t uences,.( SE NO 5 +
Probe No. %heo%lgg!imf)%g%ggme@m%% ngﬁgg‘e%] m@ﬁ * P¥o edlkﬂ. 2 g?%gener at ed
f | uor escentddcaeassiin é@u@h@acmeec@madtqmomm byermdet Nuel y, after
an 1 hour iNGUBALI HFheranRd 17ﬁ<{&@rhg1cui:§t/ﬂérpvﬁ'rlg rf%e(:t 'Wﬁghylaro?yftﬁg a 30

m nute incubation,, than that emtted by Probe ) [ one ata not
shown). The SPHEIBHSHT2 553 R Caontasy) 5 vam meqtzect dfithotde dsDNA

concemd r at iumg)atw&mg nsmif fvoe b e nfeoha Bl ingw é:Ole%emd OkbMddr@n, 2% begiween the
anti paral |l el__ssDNA- F, nd_ al l est ed oI | om ng a

1 hour incuBSErane (dt aqﬁgf)r%%%%ﬁ)e 5355?\93\ c(f%ﬁlaﬁﬁ s %ré &Fso forned
when t he patdlalinéd SyDR&CPe Oire Noalcﬁne/valﬁlgeaIZPQd whdicatiee56E mer DMAI d-t ype

dsDNA  tar Q&Jmpﬁ&(}éﬁa'@%@ aﬂﬁ&%@ﬂitﬂgﬂ\'@ &é&ﬁ?& éqﬁiﬁ?déﬁd&o thls 30 1N

this case DNA conpl ex formati on was pro concent rations
of MyCl2 arRFORCEZ (Farget 1camhiprEbem wouldgrrsuligisrrk &p nirmusabi on

periogs. | ncubafhomnin ;irtéaen@é esenae Giv vddyl, MaGd2 1andmd mM1YNCLRL or 2 M

12 and 2 or m nut es was suff|C|ent to ener at e DNA
(I\;/ggm eieg % éwb%A F complexes possessing a %ontent and

containing perfectly complementary sequences (SEQ ID NO:5 +

Probe No. 5) or a 1 bp T-G mismatch (SEQ ID NO:7 + Probe No.

5) generated fluorescent intensities that were 68% and 20%

20 lower, respectively, after an 1 hour incubation, and 76% and
16% lower, respectively, after a 30 minute incubation,.than

that emitted by Probe No. 5 alone (data not shown). The
addition of 5 mM MgCl, and 5 mM MnCl, (or lower
concentrations) was insufficient to allow complex formation

25 between the antiparallel ssDNA-F Probe No. 5 and all A&sDNA
targets tested following a 1 hour incubation (data not shown).
DsDNA:s8sDNA complexes were also formed when the parallel

8sDNA 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).

30 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 din the
presence of 1 mM MgCl, and 1 mM MnCl,, or 2 mM MgCl, and 2 mM

MnCl, for 15 minutes was sufficient to generate DNA complexes
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fluorescent intensities for a perfectly natched DNA conpl ex (SEC}P[YN&?@5+
Probe No. 6) and a 1 bp m smatched DNA conplex (SEQ ID NO 7 + Probe No. 6)
were 29% and 6% | ower, respectively, than that obtained by parallel 5
ssDNA Pr obWO/0108263| one in the presence of 3 nmM MjCl 2 amdTABoodAsVNCl2 aft er
a 45 mnute incubation (Fig. 12B). Al though DNA conpl exes forned readily at
10 MM Mg 2 and 10 nM MhC1l2 after a 1 hour incubation, no discrimnation
bet ween perfsget | Yot "BWERE S o 10 ob erve d when a
paral | el ssDNA r% be Wasﬂusggl n%o cgﬁfggg‘fl%%kﬂgovﬁg faﬂ\ﬁ’ éf'é 4nd 15 nM
MhC12 were“}aﬁﬁ%‘hwy FFRLIERA (SEQnFRP &0 fSorneRdobs Wt h6a maalelesDNA
pr obe (dat auaaaccrsawm cxmeléddaémgorinofuosm Brosloifg, eoRdenshpg agents
such as ;‘lp cations $rormte npl ex formation between non-
denat ured J&ts &REPE WFegceﬁPF? FB%"eI gotanedp hvalnagrellet paral | el
ssDNA 5or obespmopmua)macsuaame aind thel padkencedoECr BMnnafiger] BesWeen
perfectly g0 seqguences t.hos ont ing 1 bp nutations.
The reactlgﬁr?[s %@gﬁrg%gédlya Eligogﬁ(l)“lom ?mr% A EF% H%hpw 60 mi nutes of
i ncubation at afAkdicugh BRA prasipdexes t fomyed géadiiy @tl 10Thig M@ﬂ‘zlAandtrgets and
SSDNA | Prohes il duael, Coftleal g NOMaRhE! ciba BOSPPY R MadbOfy kel Ghes
DNA. DESpIEF t he presence of 5 p%@ di ne bases " intersperse in the 15
nucl eot i de PEEPRRE prRFES SnpPeResmivtaRedefcalPTRIS 98 Yaguence
speci lia c melefvedfxmw & ﬂé’ra][tlel WdDNAt Yrobe RaBPESeDf v:aﬁgéﬁtgca%bﬁ@t I ona:jl ty
was al so eyal ua nov S were ed tgo pronote an
30 Stabl|lfé con% “M?§£ﬁ§?|8ﬂgm?€ m@sgﬁgr%aY%ﬁﬁs£%H%§&¥°ﬁ§bF? i YX8i on
reacti on moempiex ( £0ginatimnt aitied at hgarafldkel ovasnya OQﬁbn:erml(aa:a)f nbar get
dsDNA, 4 pnplbgsy of 5 - fluorescein | abel ed ssDNA probe, 10 mM Tris-HCL, pH
7.5, and 10 to 150 M NaCl. The reaction nixtures were incubated at
The addition of salt bridging, condensing agents such as
16 divalent cations promoted DNA complex formation between non-
denatured dsDNA targets and fluorescently-labeled antiparallel
or parallel gsDNA probes, to allow accurate and reliable
discrimination between perfectly complementary sequences and .
those containing 1 bp mutations. The reactions occurred at
20 room temperature within 15-60 minutes of incubation at a ratio
of probe to target of 10 to 1. The dsDNA targets and ssDNA

probes did not contain homopurine or homopyrimidine stretches

of DNA. Despite the presence of 5 pyrimidine bases
interspersed within the 15 nucleotide =ssDNA probes, DNA

25 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

30 stabilize complex formation with dsDNA targets.
Bach hybridization reaction mixture (40pl) contained the
followings: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and
10 mM to 150 mM NaCl. The reaction mixtures were incubated at
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54 1, 9 JAN 2006 WD 03/010326 PCT/|B02/02791 room t enperat ure (239 for
various |lengths of time ranging froml1l mnute to 2 hours, w thout HﬁN(ﬁUﬂﬁ
denaturation of dsDNA targets. Follow ng incubation, sanples were placed
into a quartz cuvette, irradiated with an argon ion | aser beam having 5 a
wavel engt hWBf3/A®826nm and nonitored for fluorescent eni sYicansozoiNe naxi mum
fluorescent intensities occurred at a wavel ength of 523 nm the em ssion
wavel ength for fluorescein. The intensity of fluorescent em ssion was
plotted as a function_ of vv?vq,l ength for, each sanple analyzed. 10 In the
absence of N&W GIPpFatk¥fite 4t CLormin Brrisns phenghe®  ohotHisdFangiBst ween t he
dsDNA t ar gefxom( SEQLhB:dN@dl 20ho®Ha) wiBhdak 2)riand dbhetiiitipared |aebnas DNA- F
Probe No. 7 det .after all .incubati.on period dat a_npot shown).
After a 1 h%%%%itﬁéubg‘ﬁlggwfﬁ&t?‘é"‘%?%%%ﬁte%‘f“’% rﬂ(ﬁ’iﬁacﬁsﬁage‘%lﬂgm: ssDNA- F
conpl exes cHIRHLSt Prigetdfe,pérfadidtedcelyl emeatrgoy iosetamnc bsari SEQih® NO 1 +

Probe 8. 73 oiemBagiieas s mi 3! hbdiorBadrdO% ABRLEASE LiyJdilgr escent
em ssion intensity conpared to that emtted cf)y the contro robe No. 7,
which was SI5iTaimpm; ALveEascent nintrnaisies | eecwitedurs pFgvelemarh By 20
contrast, isE08Ps ehnly thennRnbRr wadsTdtytas ONA- FrapaRbexes cempkaining a
1 bp GT mlsanaetncht%S%QlD NO. 2 + Probe No., Qﬁt%i | ded a 11% decrease in
f1 uor escent e S5 F B ALBREPR PR SHRG SR 1'8° Rikat ggh"ﬁ)iat UL PNEE Probe No.
7 control seevslengiheEqur esehcaamplle 7anaiiized00 mM and 125 mM NaCl in the 25
reactifgn mxturgnakag besuhiedd NddlOLeSRRALAED! 851 95 nHUECHL Gy

ts of “conplex I on

consistent with significant anmounts f or na et ween t he
perfectly rE%hedo dipgNeetvweaesr foe aRYA bharderar AFEQIIIPNObE d¥ SEZ, and

signi ficantiy hess) querching ahepatdeich bRssalsi spBtLhad, SEQ (hP NO 2
target and frtctég No'afg%g7 ﬁre@ﬁ%esegt, g_r_oduci ng simlar f|uorescent
i nt ensi ti e Y& e Rat efvedHPRRECH PELEALR WRTBONIMVSRG ( dat a not
shown). DsDNA: 8§BNA £ dnpHoexe $novirae iah sin fttiempitendatde tofe spatiainagt , sSDNA
Probe (jo. G388 . LEGeA-§1 é@rn&:tfe)tcé]ee c%%bqgt‘;iﬂl& lodf_ %Q‘(EegéBNAéomplémentary
sequences (SEQ ID NO:1 + Probe No. 7) formed readily,
resulting in a 49% decrease in fluorescent emigsion intensity
compared to that emitted by the control Probe No. 7, which was
similaxrly incubated in the reaction mixture (Fig. 13A). By
20 contrast, incompletely complementary dsDNA:ssDNA-F complexes
containing a 1 bp G-T mismatch (SEQ ID NO:2 + Probe No. 7)
yieldéd 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
25 reaction mixture also resulted in fluorescent emission
quenching consistent with significant amounts of counplex
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 Prcbe .No.
30 7 were present, producing similar fluorescent intensities to
that observed in the presence of 50 mM NaCl (data not shown).
DeDNA:ss8DNA 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

55



target (SEQ ID NO 5) and nutant dsDNA target (SEQ ID NO 7) in 55 9 JAN
2006 WO 03/010326 PCT/1B02/ 02791 the presence of 50 MM 75 mM 10 9 rHéiN0 7006
150 MM NaCl. Optimum results were obtained in the presence of 100 mM NadCl .
After a. 75 mnute incubation at roomtenperature in a reaction mxture
cont ai ni ngV@@¥1A6NaCl , the fluorescent em ssion intensirdraBoZmfoar a
perfectly matched DNA conplex (SEQ ID NOS + Probe .No. 6) and a 1 bp

m smat ched DNA conplex (SEQ ID NO 7 + Probe No. 6) were 53% and 9% | ower,

respectivelpghe Fp@&ﬁg@tofoggwed,s %E/‘Flt{% %@%’LO %&Wkag‘ ssPNA Probe No. 6

react ed under the sanme condit'i ons er& maxi mum
10 di scri nmifEuLbh TRrawebhainad dat the mreeerce @fd1AP swhtN@ﬁéd Pdf@nfpl ®xes in an

i ncubat i on Eemigetofindabat 141 as QQ&I\ aceﬁ?&ratﬁ{l%wrﬂ)l 'féa%ﬁl&ﬁ Qix 589&*?)' exes

cont ai ni ng ei tthﬁr antj paral | el parall el ssDNA probes seene form
with sinil&°°CafHRg & Nacly mtT‘%rf*%ese%"ce?ﬂlrs&tiPBnén%ﬁWitﬁéﬁbat i on

15 perd ods.fodsea pbrfeaiyamarthed t DN Tomplést h(sg0e TkNRvNs mﬁpx‘b@@dﬁﬁsl ng

agents, li tgt gd X t|o bet n den t dsDNA
targets angﬁ)f I %gr%slce Imﬁgrqggerfeéici%ia\‘%??%%ﬁ é}?ﬁ&&p 8\&' AT el " pr obes,
to all ow r )i asre TR fandeRti doven NSD&mﬂycommmtcobuamdmgyperfect |y

conpl enent QHESMC tNOwe I n nple 14
DeDNA: ssDNZJh%oEEl exes%f%gg??ﬂ at ed bSP‘%%\ig&l rge%l%&f{ ggﬁ}éf;@% FE&@

t enper at ur ERLRPS G es 28B) i ncub® | oMM arPEFmgerPé”Pa?"eeC’fl meEA BB Nt

em sshons aiishlﬂﬁnﬁﬁfﬂiohevbbtﬁéeﬂ NtgiFetyly f Ofatt@elS. ak@MPhENRTcRLAL ai ni ng
base pair rrgtches sim | arI% emt fl gores ent signal s | ch Berm st,
v‘%‘?“ 2e

i ndi cati ng CTRESSH TP e Bl 1BFRAHAI PGP0t YEPfte ahi ne t he
30 rate of dhownhti Om, getatsll,i tcpmpheke=atenthiglsassiatieat aﬁﬂilﬁhfraldSDNA ssDNA

conpl exes fey med, Ly Le BEFAC"EFoRls CUIEDE' NG RSN SuEHeD Ahusat! on

tine course experl nents were
efficlencies at similar NaCl concentrations and incubation

15 periods.

Use of monovalent cations, which are known DNA condensing
agents, facilitated DNA complex formation between non-
denatured dsDNA targets and fluorescently-labeled antiparallel
or parallel ssDNA probes, to allow reliable differentiation

20 between complexes containing perfectly complementary sequences
and those containing 1 bp mismatches.

Example 14 _
DsDNA:ssDNA complexes facilitated by YOYO-1 readily form
25 at room temperature within 5 minutes of incubation and
generate fluorescent emissions at the same level of intensity
for hours. Complexes contalning base pair mismatches
similarly emit fluorescent signals which persist, indicating
the same level of complex formation over time. To examine the
30 rate of formation, stability and rate of disassociatlon of
dsDNA:3sDNA complexes formed in the presence of condensing
agents such as cations, time course experiments were

pexrformed,

Each hybridization reaction mixture (40ul) contained the
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Each hybridi zation reaction m xture (40l) contained the 56 1 9 JAN 2006 WD
03/ 010326 PCT/1B02/ 02791 followi ng: 0.4 pnoles of non-denatured & ggl 2006
dsDNA, 4 pnoles of 5 -fluorescein |abeled ssDNA probe, 10 mM Tris-HCL, pH
7.5, 10 mM MgC1l2 and 10 mM MhCl2. The reaction m xtures were incubated at
room t enpeW&0OHW3Z21C) for vari ous periods 5 rangi ng fr @orhsommmie to 2
hours. Follow ng incubation, sanples were placed into a quartz cuvette,
irradiated once wth an argon ion Iaser beam havi ng a wavel ength of 488 nm

d t | uopegc ore neasur ement
algre gﬂgnoggg%é\% s?farrg Eaz ?g%lg té?l su%os% l?@ﬁ url lrfr’ﬁﬁqs Ie‘iqDﬁ@ersu >

i rradi ati onPmates RE Mdﬁé‘é@@fcﬁﬂ-ﬁelﬁkﬁlﬁg sSUNA prohe, i 10 enbiTys eHCl,

fl uorescencenwasspl ot t @d B§c1d gHggcg_bomo,fmcfl e, 0r £G4 sauRLe, Perbfal yzed.
The fluorescence emtted by control sanples conprising pnol es Pr obe

No. 5 plus YSr&ingytaiedndat 1xramvitkmeimatuire t(ala"C)lSoabwncczasobe:‘:Mdgpet dsDNA,
dr anat iscal | yaggg{geagﬁg{n 31f thigu‘g\é gn 2| Ul?éur% m nF‘Effovﬂfn [ ni%lé%ﬁﬁéﬁn (data not
In

shown), and then stead %?ﬁy at ‘a nmuch sl ower "'he next
few hours ERTRLesIsy8re mPhaceg fié‘EP Re quatrbr ruvelste, Caitrlr@di-%tedgmm". Thi s

i nhi bition elthlamaeses 1a55965e&trneﬂavﬂ-lgt B wivdiegeassd 4'5@01!1':{?8&1:!%0
cations,_occurred routinely in the

peri ods of pr bes S i fic

presence of §léxﬁ){v*(:eille:an 9%%“ nge ‘ltoﬁn nof"18810Re pr JLBHEEY off LvgRBIA Nt

cati ons (damaasyrgmeshewsgre Thukenobsethat same NRK@Ie@Vifient subsedngar t ance of
| ncubajol N9 ke GO HAkes AR B0 A QIPELE TR RAST £XACUEY, 25 4 {Eftfﬁrﬁ

conditions that the test sa an experi Tent - ar e

| asi ng of e3BR 4RERIRitYC & ;%Nosamr@eafwaer plobked ngs per Etmi@tw[n iafcubat i on
i nhi bi t ed fuménaozquaeﬁmawlefammﬁeal uorophore, resulting in a steady

| evel of quore\s/@_Eanxrs\L t hereafter "'é:l . 14A). This result was entirely 30
unanti ci pat ed Hereffismsar g7 eas?M°’Ft‘1§iloSémN~)es Fopasisingutat ed

wi th the 50pwelesnidfdPryipe NisDblAplw got mi Ry, DaND 1) mMnMidlg, pi egrence of 10

m NQ%Z anQb&&dWo%@&Z&e@%ﬂ%A?S%atlca{ri)y ci(ecreased 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, assoclated. with

20 increased incubation periods of asDNA-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

25 the same conditions that the test samples of an experiment are
reacted. Multiple lasing of each ssDNA-F control sample after
varying perilods of incubation inhibited further quenching of
the fluorophore, resulting in a steady level of fluorescence
thereafter {Fig. 142) . This result was entirely

30 unanticipated.

When the antiparallel ssDNA-F Probe No. 5 was incubated
with the 50-mer wild-type dsDNA target (SEQ ID NO:5) in the
presence of 10 mM MgCl, and 10 mM MnCl,, dsDNA:sgsDNA-F complex
formation was evident after 15 minutes of incubation resulting
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formati on was evident after 15 minutes of incubation resulting 57 1 9 JAN
2006 WO 03/ 010326 PCT/1B02/02791 in a decrease in fluorescence, whfoNA66
6% greater than the progressive cationic quench of the control Probe No. 5
(conpare Figs. 14A and 14B). Conplex formation was greatly indicated after
30 and 60 WO80®W3260f i ncubation of SEQ ID NO5 5 with Prehasbprda i n the
presence of 10 mM MgCl2 and 10 nM WMCl2, generating a 76% and 61- decrease
in fluorescence, respectivel y, .conpared to that achieved by the

cationical l y, gugnehadePiqb n g. 14 After 90 and 120
ni nut es of |rrllcubat|on n thgl%ess%ﬁgggbf 1-& BPRY @Zgﬁwefotm 1¥&nC12, no

conpl ex f or REPFERHYS b‘éﬁtﬂg’népgrml@d:h( Fof. t:héB) cont‘li‘rme | exede Ofof | WOr escent
em ssi on seg¢Bomiard0 FABY . 12@Anhﬂa|t§§3) vvasc y a{ tAt %gl e to the

ly
cationic que feci (canpare y confrgs?at

dsDNA: ssDNA* Q??ﬁﬁfieiﬁ"sert H&t aeérﬁ‘)a."geutes Pf iacmatlto@ of ST &R XBEQ | D NO 7
+ Probé No. wst;hfmmm assixowane prtfsenaldopeng Emclﬂx 85 Sard %@' Gy ce
formed in tggcpre?gee {n rgt\f{l% and 10 nM Mh g he 1

ni smat ched conpl e st dder oF% e?e%‘fF%?FnLﬁtrbstd-fOrPﬁe%m%ﬂrl on and
appear ed torm@twelﬁf‘el conpratedd taf ttént 6@chi endd oyl 1) ¢atquha&anry (Fig.

14C). Once g@dhedt T8oBEORS . ?ﬂ;:l PafAal eI o t | erre strand
in the dupl ex (tﬁgg 120) l\/u}Nt(':aﬁlS asdeF‘?L I rra at [ ot}gftgfnggé)rf Jy?/
conpl enent af{P ’s‘%%té@ﬁplre%é@ pEEEH® NO B mMPMgbk: Mod B) wior med

after 1030 nimai,es nar ﬂlp%ﬂUtfﬁﬁnQéldnnWtBél@lg' IR tgjﬂglgcﬂeiﬁfie Pfg)10 25 MM
MyCl2 and 1’?::1 nﬁﬁev ﬁg gful ted in fl uorescent "em Ssions si st ent wth
[ S

the destruction of POHICERE s euteal oy Een cifar 2R taG 2P cMimHtEBNA

conpl exes ceas awhnlhg atrtbutphlealtdoekhe sENAnPE Obferchi g5 £AB) conflisn a
subsequent FRASURERBMA vs_/%é made at 45 mnutes after lasing of the
perfectly conpl enentary conplex at 30 minutes, the em ssion intensity
| evel was 1869, BYt €9pF¥®if tdsDNRessRNA-d| mmmexemmh thetaiongl ex mas

destrayed ¥slat-a ROsml@WIBEQ THE NoeYel Bork! § QV%C%EEag %Shoé‘lou@cter

[tipl | in r rn h i oni [ n
mul t p e as egande‘tugreen(ljucthOt e Satlo 2 tyo que g

less stable once rmed 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 incubation, and

appeared to have been eliminated after 60 minutes of

20 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

25 mM MgCl; and 10 mM MnCl, resulted in fluorescent emissions

consistent with the destruction of these complexes at a rate

characteristic for DNA complexes containing an antiparallel

8sDNA probe (Fig. 14B). When a subsequent measurement was

made at 45 minutes after lasing of the perfectly complementary

30 complex at 30 minutes, the emission intensity level was 1869,

testimony to the rapidity with which the complex was destroyed

(data not shown). The level of fluorescent emission, after

multiple lasing, returned to the cationically quenched wvalues

observed by the uncomplexed Probe No. 5 alone control (compare
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observed by the unconpl exed Probe No. 5 alone control (conpare 58 1 9 JAN
2006 WO 03/010326 PCT/1B02/02791 Figs. 14A and 14B). The only excep§in %@6
the perfectly matched conpl exes fornmed after 15 m nutes of incubation and
repeatedly _irradiated thereafter (Fig. 14B). In this case the fluorescent
em ssi on WA %81%%¥onsi stent with the destruction 5 of t rcTaBegeres (Fi g.
14B), even though further cationic quench of Probe No. 5, when multiply
irradiated after a 15 mnute incubation, was totally inhibited (Fig. 14A).

DsDNA: ssDNAFE@8P! eX8Sas@®Niagyni ng 1 T- L.snat ch ( D _No:.7 + Probe
No. 5) were_sj %rl%‘;gp ar eﬂtlyngsP?gkjea’%e t§f6 fart iigge ReEEPAGY Fi g.
14C). An exB‘%‘;? t€ eg%‘?fB?m taftest aBninheutdse dfasicubetiont hedef f ect of
mul tipl e | agepeptmdlyhercaifpled esheddarha@s (:Qgndyad)hat tuhen § Lesh gations

wer e added reaction mxture which had been | ased tw ce, e
i nhi bi tion g?u%:%ﬁcg%?cgaﬁsesni&? 185 B°F| GOPEALERE W t $he dppPtrRetiDNA- F

probe €oul dofiotthBe complexeed (Biw. f WeB)herewst | tHowhURIAIERe8l apfdnQcCur upon

further incghatdp gl SWgg [N at. the s - obe was
i nacti vat ed%lg rruln?fl ;‘f%&’{%r r%’di %tgi g’é‘%k‘bg‘“g@%ﬁ ﬁfﬁa%&‘ﬁe%ﬁﬁi EmiBdat a not
shown) . Si nfH311s, irbatienn s¥@NA- Fobdlly obleshimtted addeigt 0 14r reacti on

m xture whi DSDNFeGsbRENcoRNRGest %ﬁ@airﬂﬂgeé hog —iGzin%gamfa%c[:ht F%sds r}\CPr eased
fl uorescent eﬂiss'{:%of the fresh prob&, no subsequéent progressive
thi hg" W

cationic quent MrerVed"eifors FLeREY APRANSECLYN destrdwed foact i on

m xturl@, stwehglpleslggess i(Rigt hade)t.he | ased cations 25 were sonehow
di sabl ed (data t In the faregoing exanpl es and description, we
have el uci dat eg‘gt ﬁg%gmeenrtopwo Syrﬁ?trlg(?rﬂ?ftl'gc? CefEERLRe r Bhgisbasp for
speci fical | Y*ditfdesh ehenbadpde oladimgobogous dumprepes /i Y. waSugdudd ndi ng
can occur behaeemdia Mdstl Akiant i PRl Lfleq 3 aé{ea@de% Y% ha)é,g%a' SO

' a ek €

el uci dated that nucleic acid bases bound In son- Enentary
dupl ex are Vﬁﬁc %ﬁgsggﬁﬁ laged twice, the inhibition of cationic quench

15 in fluorescence emitted by the seDNA-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

20 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 further incubation of the
reaction mixture, strongly suggesting that the lased cations .

25 were somehow disabled (data not shown).

In the foregoing examples and description, we have
elucidated that heteropolymeric nucleic acid strands can
specifically bind on the basis of homologous base pairing.
Such binding can occur between parallel or antiparallel

30 strands. .

We have also elucidated that nucleic acid bases bound in
a Watson-Crick complementary duplex are not quiescent as
regards the bases of  proximal nucleic acid strands and that

such bases can be interacted with on the basis of Watson-Crick
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regards the bases of proximal nucleic acid strands and that such bases can
be interacted with on the basis of Watson-Crick 59 1 9 JAN 2006 W9 JAN 2006
03/ 010326 PCT/1B02/ 02791 conpl ementary base pairing or honol ogous base

pai ri ngs, de endi ng on the binding potential of the proximl sequence of
bases det eVRi'%EW By either of the possible binding notifPETIBM@R®LI S true
whet her the bases in the duplex are interacting 5 with bases in a third
strand to forma specifically bound triplex structure or whet her t he bases

of the dupl esmplletentBfi fHa@al | Yai Pl Ak ”HT&(éﬂlto ol o>g R eggisﬁilgcbl ch are

t hensel ves gou led into.a Watson-Crick co tary rdingly

the inventi Pi %’éstb(englﬁ‘ii’s‘hgo\}?’é’ﬁnﬂfét Oﬁ\a‘ﬁ%ﬂ)ﬁ’r%i‘@l Graeenas e bases
remai n reacbasss adetyedhéd cCbhaseshéd of Nt a éss’:llbdebbﬁlﬁldiﬁb Phsbeirgrl bases

on other stk o] with eat eci and alacrity. Wile all
of this is 1’?{(;bdrr:%r r']:bq:"lg wg?ther &5‘%2%8@?%d&est|5’§c§‘é?¥?‘ PFarRETE ARGt A T
and G €& pai ¥itHysbaaes dist ext biliad st doestdrm hi nghieagf 1Gangadduaas wher ein
the homol ogeus RnUAGCIBEL T oks ARTLOANLRENH,4061 9 gRLOTEEd on gLl base

a

pairs by a strand-w de inperativ ew se renar
honol ogous SREFIEAFRELY bi Hiiargeting noriehs ppeprinalt hdnses \\hisdn- @reck

conpl ement atierdéeades PbeYpldd NHLBY & WarBESREI kY cOHEMARE £y PiIAIRY OCcurs
bet ween t he, 20 gé?{% rroove side of a dupl ex-coupled base or base pair and

Aéco AGERT SR CORTEESn5Re Beoguew F&PE . WatgeRet of or e,

the m nor groov
whi | e 10 he p@tiem:tlmupjfedf Ul shear bamaimngrényctav@a&e Aelceady cappsexed in a

dupl ex was at ed th third stran ecognl tion
of bases |n a g azghogcg(r?ﬁ% ?‘ von e%tl'rrléla o?tlbar%%v%n % A8 dupl ex.
This we sheiFh sa'n@@tt tﬁﬁ’@céés%ltmﬂﬁa\ﬁéaarsw denmns'lter atlad ctfhachiputtatlve

backbone re@éh'la'i'k@ﬂlés pe bar Ebﬁélcié}eaur@sﬁécpmb%emamm%cteh%
I nvention relates to readily achi eved bindi ng reacti ons whi g‘h are

typical ly athf eféd WIHILH8r t 355 c I55eF R Bérlwaét’h?%oﬁflt ristagur e and
whi ch 180 noteatepend wierEihathe citRIsgeis diheage Rotl 1N idéRiRarteagki on.

Accordinglybégga enforced on all base pairs by a strand-wide imperative.
It is likewise remarkable that homologous quadruplex binding
is more specific than is Watson-Crick complementary quadruplex
binding. Of necessity quadruplex binding occurs between the

20 major groove side of a duplex-coupled base or base pair and
the minor groove side of a duplex-coupled base or base pair.
Heretofore, while the potential of further binding by a base
already complexed in a duplex was unknown, it had been
postulated that third strand recognition of bases in a duplex

25 occurred solely in the major groove of the duplex. This we
show is not the case. We have also demonstrated that putative
backbone repulsion 1is no barrier to duplex : duplex
interaction.

Our invention relates to readily achieved binding

30 reactions which are typically achieved with short incubation
periods at room temperature and which do not depend on molar
excess of a reagent to drive a reaction. Accordingly the
invention is shown to be not only readily achieved, but

obviously biologically relevant.
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i'nvention is shown to be not only readily achi eved, but obviously
biologically relevant. 60 1 9 JAN 2006 WD 03/ 010326 PCT/ |1 B02/ 027919 Fianabdosy
we have shown that partial Watson-Crick conplenentary conjugation with
free bases can contribute to increased duplex binding and increased

speci fici tYO0¥M83%6nventi on constitutes a substantial addidimeedithe 5
know edge of base binding and as such will be central to the elucidation
of many bi ol ogi cal functions whose nmechani sns are currently nysterious,
such as gene sil hNg. i st rkable to detect eci f| c, honmol ogous
recogni ti on and F%?%%Iﬂ%g lgE bglggg prsé\%%us?ga%ndpggta’ﬁﬁy c‘%’&ﬁf’@ﬂcmﬁ into

Wt son- Cr i cROTRIGPERERTY afningstiqn wethhefyee doddeat cahatconeritte edaici dat ed

will requirenéeaseabansianmenhand @ﬁﬁhﬂ&%@%@icﬁl&ﬂf@@%ﬁnd the reopening
of the question,.of ,nuclejc acic? i I | e the invention

%lfndi ng csgggbi lity.
has been descri B&3 FAVERTIEN SoRgtaFites s Erriied pdddpten fic theanpl es
t her eof, itkuevledge afpbasntbindingnendlkdd lsR@hi wiihedrldentbal MAMdHRUS

changes and i3 i can.be nad herein w thout departing fromthe
spirit and eg%ggéE%ﬁ%r%%%a%lgiogo?mﬁz 5%0?31_°R15|\/E£‘i’f’e AEEABLEYE Sifpr i si ng:

a probe con?%ﬁmﬁéyamme@igpal yavshi gs (geolse ssbeueimge of nucl eic acids or
nucl ei c acid S5 senalaoues: ahadkhRIdIotocUaLDl 10,3; Bl eraR0l yIRL C tar get
gues, e g(Oél) at | east

- sequence of nucleic¢ acids _or nuclelrc acird analo rern:

one of sai d*PTEHELANY &% JLpaingetoyi Bassf ipreBtowrlys pRe hetdbdy eenubldd) sai d
het er apol ynmticc Wat 868- xEGuUe86@p IeneRORELe Guplesai d het eropol yneric target
sequence by 10%\&%39{2\% it ktco IemeE]LtPary aas_e interaction or by

honol ogous base T nteracti on -plovi d&d "eKat © atad riddnprarirs thedupl ex
and sai d heteansioohgmerdt mpnpbtcaeqiieart iideaanindahal t&@periagSaf dthe

het er 0pol y giddk 1hAT SPLnSRQYENEE SFhANPLELOROINTET I C probe sequence i

bonded to said_heteropolyneric target sequence By honol ogous base
i nteraction, an&’hb?‘%\ﬁlﬁe&nf’ﬁ%ﬁion has been described in detail and with

15 reference to specific examples thereof, it will be apparent to
one skilled in the art that various changes and modifications
can be made therein without departing from the spirit and
gcope thereof.
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vihen said conplex is a triplex, said conplex is free of reconbi natié)n
proteins. 15 2. The conplex of claim1l, wherein said probe occupi ds? AN 2005
groove or a mjor groove of said target. 3. The conplex of claim1 or
claim 2, wherein a backbone of the probe conprises deoxyribose phosphate..
4. The conplex of any of clains 1-3, wherein a backbone of the probe is 20
uncharged, partially negatively charged, or positively charged. 5. The
conpl ex of any preceding claim wherein at | east one base in said probe is
a synthetic anal ogue of a naturally-occurring base having specific binding
affinities based on Watson-Crick conplenentarity or honol ogous binding. 6.
The conpl ex of any precedi ng cl ai ﬂAgﬁSt her conprising at | east one free
25 base, nucl eotide or nucl eoside bonded to at | east one of said probe and
said target. 7. The conplex of any preceding claim further conprising at

| east one prdtei nA complenggmpsisisgnded to at | east one of said probe and said
target. 8. T . | . Al j I mlex is in
sol ution, ong%’é&go |t§&gg%8%%x?£flﬁ&§%®gf ‘gqilué)lrh:\gl[}D (/?({)mﬁcea{cﬂs gfrlu?lgfg% 0 9. The
conpl ex of any preebeghespandl ai m further conprising at |east one binding
pronoter fro = ] ] . conpl ex of
any precedi ngm ‘%F%?%L’ﬁﬁé%g?ﬁ%@%’(‘gé%&%ﬁ s?qgaﬁéf) g?ucli%gl a%%grgrl %ﬂg}elﬁéﬁgbonded to
sai d het er opol ynesralpgeesr get sequence by honol ogous base interaction, and

said target i - dupl . l.ex I m: i id probe is
adapted to ir“ﬁllg e @f@éﬁh%ﬂe&m@&%gﬁg? éfl ggr%elglnsg)luﬁfcl) sdéis%bﬁeé?’eag %§°§| ynmeric

tar ge'sj smﬁmmolmfic Probe smupice is hmhc(ljeairt? sod hcierapoiﬁndti_cgargm?ueﬂm byai d pr OIbF
is up ) t ast strand o aj robe i nchar ge partially
ned bt | volatoRifedlonfiRhantits BBt & oy BLMgRLE B ferbBRf Hlffe

Si ngl e- sthatavice daid cordplerbis @-daplen ardiestlid he@ropdlymeroprpbecsequehceainyntiphratidlai s 1- 9,

wherein said.conplex i.s. a dupl ex an aid, 10. heteropol yneri robe
sequencet aERTRFeuS kel #ieRs, SO pifbioiers BFOoE BRI St ed 8ot ogous
base i nt sidaldtérepol ymerib \targéit ssquender byc kontadogohe b timergctionsandi powidedahaton and sai d
het er opo yner.i r.obe sequence is . parallel or .antiparallel to said

het er opol P Eorpblffia tRlek, piFeombict ¥ pyof receimpiriion BRlellisy "o " ¢ aims 1- 9,
whesei n one @f sallt mplea cdrcthirs d| dhérein gaitl prdbb occupies aghieersdgrocyaded, t he ot her
of said Br.obe and.said target is double-stranded, gnd said conplex is a

tripl ex. DV VS OLEIHFBY of claim 14, wherein said heteropol yneric probe
sequence and3. The complex of claim 1 or claim 2, wherein a backbone of the probe

comprises deoxyribose phosphate.

4. The complex of any of claims 1-3, wherein a backbone of the probe is
20 uncharged, partially negatively charged, or positively charged.
5. The complex of any preceding claim, wherein at least one base in said probe

is a synthetic analogue of a naturally-occurring base having specific binding affinities based

on Watson-Crick complementarity or homologous binding.

6. The complex of any preceding claim, further comprising at least one free
25 base, nucleotide or nucleoside bonded to at least one of said probe and said target.
7. The complex of any preceding claim, further comprising at least one protein

or enzyme bonded to at least one of said probe and said target.
8. The complex of any preceding claim, wherein said complex is in solution, on
a solid support, in vitro, in vivo or in silico.
30 9. The complex of any preceding claim, further comprising at least one binding

promoter from a complex-forming mixture.
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sai d heteropol yneric target sequence have parallel or antiparallel
directionality, and said heteropolyneric probe sequence i s boundi8oJmnai2el6
het er opol yneric target sequence by 20 honol ogous base interaction or

Wat son- Crick conpl enentary base interaction. 16. The conpl ex of claim 14,
wherein: (a) said heteropol yneric probe sequence and said heteropolyneric
target sequenge haneconplerlof gy dﬁeceamg Clad, AhkRin sdid"peste liPRrbfolymetid) sai d
target includes a first strand containing said heteropolyneric target
sequencePHfdonded &e tpigheterprokymen daiees Ssanenge By bemelpgpun base inspsentiphend ¢ t ar get
sequencesaidaigkes®alpiky and antiparallel 25 to said first heteropol ynmeric
target sequence; and (c% sai d heteropol yneric probe sequence is. bonded to
sai d het er opdily meFhecomaley at clamgQevbescingaid piphs ibigapted t9arvads ssidduglex i on and

sai g hetaﬁgegesalnnwakﬂm&f@a@maﬁawgg&e deficebonded to sai d second

het er opol yneric target sequence by %t son-Crick conplenentary base
interaction. 127. Thecomplepokanysf claimp 1% wherginseid probe iswaidoplet @ﬂdsia?ééﬁtprobe and
said tar 53l pl ex. 18.
The corrplg}gﬁtrﬁd%é Fﬁ?ﬁ%?b%\%@fﬁﬂgﬂ%yﬁgﬁg? ég* %Sg%g ggrrllta‘%‘ (tzl *’%’( %})@ég’g%ence and
sai d het @iOpaetheralestrapdedor dapblgtrarded.have paral lel directionality, and said
het er opol yneric LSRG 1Q..5al eter .p C target
sequence by ﬁg'mlgggﬁgpﬁgggﬁgﬁﬁg%ﬁggﬁ? gvﬁggl%g%gt%%r%&é ?gﬁﬁ%o%pg‘fae'é}mnt ary base
i niter act hetrropobmetic ProhaNeq@OE: 150 bouTiH cto ceidpheteropotyneHeitargd 7sequener by n: (a) sai d
het er op W d i 1C. .. sequence
have pa?éal e g"’%ﬁ%ﬁ?‘?%%ﬁ%f e f?@g??‘%n%@{%@?&%g%%gﬁ %‘la&lpoﬁl%gg%l%cl udes a
first prhstreopolymgriel pedatseduaioags patalie! roe tantipapdielytoesnidcheprapolymese taegece and a 5
second psreg&gcétrand cont ai ning a second heteropol yneric probe sequence
conpl ementary and antiparallel to said first heteropol yneric probe
sequence; (c)4sai Thetcamglex of anylofidiaimsal -9,iwhstein dnawofjsid probecand said rrget ni ng sai d
het gr opol. . ] G a.s nd t.ar strand ontaining a
cetond rerssEsiBEORL REHERAE NS e 388 R B B B 2 el o
sai d ficogiplends atriplewl ymeri c target sequence; and (d) said heteropol yneric

pr obe sequen i 0 .Q' . sai d .het. ol ynmeri c target sequence by
honol ogous bgge |SIr‘1 er ag{éggﬁdé{%dlé év}\%em ﬁ%&é&%ﬁ%ﬁ%i%"bﬁf &N ég‘gence is
opt i onal saig Hetenepelymicnc sagetl sepenzathavecpazallsbod ymiparaliz] daedgedalitys andiednde by
wner o ne oS RTRe BEBE, Bncil: reumh b Bad B raRb e fS SPUR BF opol yrrer | c
t arget Sequigoe bamistemetionlol Blatson-Ceick dopplealchtaly baseritterdtional i ty; (b) said 15
probe includ a first prope strand confainjng sajd heteropol yneric probe -
sequence and?é' se’@‘ﬁﬁamBlFBBga%’P‘r Lﬁa’ﬂﬁrﬁﬂt é??ﬂ%%é"@lé’gﬁﬂﬂp'ﬁ ¢ B%‘&‘f ymeric
Er obe s eaind eaid _bctcmmbjgmfe Indrget yequerieel hm-tphqagm al artiparbife] aifécgorfaiifys gb.) said

eterop ri.c, pr .sequence, (c).said. target includes irs t ar get
strand CHET ANt S atmd cantapie Mr‘lft&mt’%vf'a“éﬁ e GEHERFS 081 488 ond t ar get
strand . stremt @nfalning ssesmd Geteropslyénznaigyt iejueice kamgeherte g wel wBp&aEpl ement ary
ang 5 ant Itg gal:ic? l’ul's? Aetérc?po?y%{egc target éequence; and (c) said heteropolymeric probe sequence is

bonded to said heteropolymeric target sequence by homologous base interaction and said
heteropolymeric probe sequence is bonded to said second heteropolymeric target sequence

by Watson-Crick complementary base interaction.
17. The complex of any of claims 1-9, wherein said probe and said target are

30 double-stranded and said complex is a quadruplex.
18.  The complex of claim 17, wherein said heteropolymeric probe sequence and
- said heteropolymeric target sequence have parallel directionality, and said heteropolymeric
probe sequence is bonded to said heteropolymeric target sequence by homologous base

interaction or Watson-Crick complementary base interaction.,
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20 first heteropolyneric target sequence; and (d) said heteropol yneric
probe sequence is bonded to said heteropolyneric target sequencéd %yAN 2006
Wat son- Crick conpl ementary base interaction and said heteropol yneric probe
sequence is optionally bonded to said second heteropolyneric target
sequence by honol ogous base interaction. 21. The conpl ex of any of clains
14- 20, wherein bases of said probe interact 25 with bases of both strands
of said target sinmultaneously. 22. The conplex of any of clainms 14-21,
wherein said conplex is free of PNA. 23. The conpl ex of any preceding
claim which is adapted for analytic, diagnostic, therapeutic or

engi neering use. 24. A nethod for assaying a target, said nethod

conpri si ng: pravi di J [}.SLE id,target. .containing a

et or opol yenvo 1 esarixdt SRRPLE (RO o] Sl Bed Bonf S

anal ogueand spid beterdpaigmericpangts sequence hnvei pagpllel oh etiparajiel ldiceationatityp (W) lseid sequence of
nucl ei c i d | ej ] l. es, . 64 9 .JAN 2006 providing a

nybr i ci 720 e Mes oS bk AL B AR iboletr PPE SeRREM £ ana

buf $ er; depandipmeberstrasia¢anitaimiiy a shicarat hetatopwl yxtetic erobe seqaenck Ronplahénay t i me

effective to.Di al.d. heteropol yneric target, sequence to, said

het er opo‘ﬁ‘} ﬁgtfé%{:aﬂglrtcg)ﬁ%lgsﬁé%ﬁéﬁ(% yn?%’c p?bﬁﬁﬁyf’@é; (ﬁfﬁtﬂﬁgg%?&%ﬁa&'@f ecting a
si gnal ctargetedtmhd donnditihg Isdid dbtegpalfrhérivi taigehewnenarsiad secpidgeasdngai d t ar get
to assay(§9ig t%ngpé twherein.gaiotl het er opol:ynmeri c _probe sequence is

adapt ed 8§ SEENE Betropelapatic faggt jrasFTce corap! ‘T"taé%ﬂ@é‘ﬂ%@mzlﬁl &8 on- Cri ck
conpl emefirstahgterbmymedriot @rgarc tdqaencr andy(d) 44 heslpslg@erE Pabe séqbReasti on free

f . Hoogst bondi to for id , d that, ai d I
< G GoG PRV P BT e oeh PE o Ae NS CHOARAI | ol (0

sai d hetletepgpolyyiait probé ssqaaite 8 gtiaATEbonded | shi k@oRPRIIRyneriBtLE Sequence
is bonded to jﬁ’i}g he'\t;frgpol émeri C &aarg‘(fat sequence by honol ogous base

i nt er act TIF Y OB IFE FOPPIERenire Prse IeRCtohpl ex is a tripl ex, said conpl ex
is free of 20 reTHerdBinpRK oPElaiRy DX ihéSin: APsaidTitterspdiyRtc plobs kQdldhce4, wherein
sai d signgl,iﬁ caused by or. is associated wth a match _or 'a m smatch

bet ween B4 &ud hgggropalymengdargst seayencehsve pasgliel gpandiparalish disecienalityn@) 84d of sai d

heier opgrytEandiedet artﬁﬁ?r@dé_cbttﬁ}m%ntaﬁﬁrg shideneBRIpBQ the i pﬁb@&é&h%e @id £! ai m 25,
said target are 20 single-stranded and said conpl ex

wherein sai Q\BFPr@Obe %n , !
i s a dupfeRc RSP SIFNISRnEnHIS: %16 hetrErPPly mBriG BRODE squee eomplemesiaiied to sai d
het er op iy eRipafalld a6 644 filERUGBBTRYC PRIFPERUGHS (BRI thidbShdsded PRrsPT DY
target strand containing said heteropolymeric target sequence and a second target strand
containing a second heteropolymeric target sequence complementary and antiparalle! to said
20 first heteropolymeric target sequence; and (d) said heteropolymeric probe sequence is
~ bonded to said heteropolymeric target sequence by Watson-Crick complementary base
interaction and said heteropolymeric probe sequence is optionally bonded to said second
heteropolymeric target sequence by homologous base interaction.
21.  The complex of any of claims 14-20, wherein bases of said probe interact
25 with bases of both strands of said target simultaneously.
22.  The complex of any of claims 14-21, wherein said complex is free of PNA.
23.  The complex of any preceding claim, which is adapted for analytic,
diagnostic, therapeutic or engineering use.
24. A method for assaying a target, said method comprising:
30 providing a sample comprising said target containing a hcteropol.ymeric target
sequence of nucleic acids or nucleic acid analogues;
providing a probe containing a heteropolymeric probe sequence of nucleic acids or

nucleic acid analogues;
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Wat son- Crick conpl enentary base interaction and said heteropol yneric probe
sequence is parallel or antiparallel to said heteropolyneric tafldet/AN 2006
sequence. 27. The method of claim24 or claim 25, wherein one of said probe
and said 25 target is single-stranded, the other of said probe and said
target is double-stranded, and said conplex is a triplex. 28. The nethod
~of claim?24 or claim?25, wherein said probe and said target are

doubl e-stranded and sai d conplex is a quadruplex. 29. The nethod of any of
clainms 24-28, wherein said target and/or said probe is 30 covalently bound
to a support, surface or sem -perneabl e menbrane. 30. The method of any of
cl ai ms 24- 29, providipg iastiybrditdtien siieprecdomaigihgy saitDtatle€ G4ill ipfobe CWAtErLBd OF

el ectromagnetic f%q1 er_to said conplex to generate or vary said signal. 65 1
9 JAN 2006 31. Thé' hEthod of any of clains 24-30, conprising the steps of
repeatedly viacubating saahbijbtidiastion Ghixsige far by catdtigmiime Bffétti¥d o ®ndsed) as to
cause said signal tto Val&% .and detecti n%@tlhe si gnal_variance in response
to said varying. 39 Rt 1RERSt SFAUSOpe, fonTaish NeterapalyaIeFC BoPe SRARFNGE #Yy causes
sai ¢ probe to di spesidetacomplet;ragdn sai d target in said conplex. 33. The

met hod of clajm 31 or, claim 32, wherein said varying conprises applying a
first stimld ‘°§H‘$%S‘§EL%%]3§°§M+Q| ing Lty petwpsst said preheiand said fasst e, sai d
first stinulus besBgayahiditdgat i cal magni tude and opposite polarity to said
second stinulus. .34. The nmethod of claim 31 or claim32, wherein said

varyi ng conpr V&I sail Lfi5israppiygierc sriphee seqyence gisnedapted & itiad jtot spidai d

hybri di zat ineropblyinetietargdsequeie: BTEW RS- G ckABMpRinefihrf bi® ifdackbn of\er €1 N sai d
signal is emtted by at |east one |abel covalently bound to sali'd probe or

by &t | east"oBAETUs ST 1RiRreHB {icr f Beeasigen bondiag ¢p fopra paideorenlexpprovided east one
| abel non- apyaliRAtdald asased &' &Ctiuplek Mind aafd Hé?%o%eﬂggprob}g§gﬁﬁE@?§j of any of

clainms 24-35, wherein said probe is adapted to I'nvad ald target,

di spl aci ng 2RURREEle fR S2idr heserapalymesion tiraeh sequicareh seidr basesppohimaric prabyet
sequence, ssdueitelibHonBas 3 o O ' bind with
bases of thiql‘!l het er oSoI y%se??% h%%ﬁ;g@?ﬁgi@%é%gﬁ dﬁgﬁehse)pgggﬁlgg%?q&gﬁ son-Crick
base recogirAgianognd Hﬁ%ﬁﬂdd@%u@eba@éw@g@ghiﬂﬁgm. @id. complexriefrboof of any of
clakms 24- 38ombhBiRicihtdhs, | €ast one of said probe and 20 said target is

i ntroduced into said hybridization m xture in dehydrated form 38. The

nmet hod of anylof Ehamgthodaf gzim dhevherein sakdbsignal Fomuied byomduiessenihted t hout

2435, vy o AEBER PRI AR of 394 nepEpdTTRRC e AL 00T one
bi ndi ng PasesrAbsaid heteropolymeric target sequence.
26. - The method of claim 24 or claim 25, wherein said probe and said target are
20 single-stranded and said complex is a duplex wherein said heteropolymeric probe sequence’
is bonded to said heteropolymeric target sequence by homologous base interaction or by
Watson-Crick complementary base interaction and said heteropolymeric probe sequence is
parallel or antiparallel to said heteropolymeric target sequence.
27. The method of claim 24 or claim 25, wherein one of said probe and said
25 target is single-stranded, the other of said probe and said target is double-stranded, and said .
complex is a triplex.
28.  The method of claim 24 or claim 25, wherein said probe and said target are
double-stranded and said complex is a quadruplex. |
_ 29.  The method of any of claims 24-28, wherein said target and/or said probe is
30 covalently bound to a support, surface or semi-permeable membrane.
30.  The method of any of claims 24-29, comprising the step of applying electric

current or-electromagnetic force to said complex to generate or vary said signal.
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25 40. The nethod of claim 39, wherein said at |east one pronoter is a
condensing agent or a decondensing agent. 41. The nethod of cl aimg 3R3NO0su0s
claim40, wherein said pronmoter is a nmenber selected fromthe group

consi sting of YOYO 1, TOTOl YOYO- 3, TOTO- 3, POPO-1, BOBO 1, PgOR:é}B
BOBO- 3, LOLG,L, J Ol nlne dimrers, YO PRO.1, TOPRO.1, 30 YOP

TO PRO 3, TOéRO %ﬂ fny BH<fores. #4-3psopResing thaciepRef Fepeaiedly PRO- 1,

JO PRO 1var91)@6dnﬂﬁloﬁpapﬁﬁf Bybri@kdtof imixfuiers@dH Qo cAlsd kﬂd S e OGY dRE - 1
et hi di um honodi mer -2, ethidi umderivatives, acridine, acridine orange,

acri di nedgiesting he sigaal variageein sspansede saidivatkingiet er odi mer . et hi di um ronoazi de,
propi di um i odjpde, T&ﬂ@lay&%laléyﬁaheﬁn%ﬁ'a V‘Jﬂg gg?ﬁges%@%mbg't& %lﬁgn SYTCX

dyes and_7-am noacti nomycin 9 JAN e rret any of
cl aPns 3@9121131‘1%F$F@|3Hd§@m21°’at Ieast one pronoter is provided at a

concentrat i onzwhi ghe fxﬁmasofoemmbman Ofli HUGhUER %d %%gqﬁccgﬂ;gp&é over ot her

possi bl e binding structures of said conplex any of
cl ai ns 28pPlying 4 GiFst [smulyy agst p spaend atirmylusatol saidnibridipation mixtBreo ptid Eiat| v

sequenci ﬂ%&ﬁ'b@xnk@fﬁ@rﬁxcal%gmm rg%%ﬁ%@laé@f%éﬁ %l)@d Wnufid; 43, Wherein said

signal conprises a series serlally vari ed

condi tions. 44. Thee mthnécpfoﬂmlanyl of clainai3@s ertemzlsmd/\,{wymg reopipiishs )

het,gr opo | ric fragments greater than
5 %gseg +p§§gr{gla%aﬂéfg’?ﬁ?ﬁ§muﬁﬂﬁ§p a@%g&m xl%ﬁr!ég 24-45, wherein said

det ecti ng codpri sEke meteadent tanynef cmlmhun@ewhmxatsmd eigsdl isendttedihynt leasoel which is

37, "o e A0 ARE Pl s T PRt Rbor By BT BP BB nti g
condi t i oflagetzar by pirleast ehedebelTangovalentpaspdoéted|withkaidobogeus probe does not bi nd
to said tar 98f, 1"F-’htsorﬁet{P dngig)? 0 Oc?aaxlngz‘i 34 %ﬁté%w stalgrpéoeog:i'%#&tg% Odmf%ncy, or (b)

Wat son-Crick conple I'ng conditl
i néDnpl el tyreetodisplecingnd saqyenpe oﬁimsddmsndmtsalblhatdropoiymaio(iargétadeq&hceor binds to

said t ar et t}%tt gase? do"ilc ﬁ\g Rétéro;?olﬁn Y- probe sequénce bind with bases of the
heteropolymeric target sequence on the basis of Watson-Crick base recognition or
homologous base recognition.

37. The method of any of claims 24-36, wherein at least one of said probe and

20 said target is introduced into said hybridization mixture in dehydrated form.

38. The method of any of claims 24-37, wherein the method is conducted without
denaturing said probe or said target.

39.  The method of any of claims 24-38, wherein said hybridizatibn mixture
further comprises at least one binding promoter.

25 40.  The method of claim 39, wherein said at least one promoter is a condensing
agent or a decondensing agent,

41.  The method of claim 39 or claim 40, wherein said promoter is 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, JOJO-1, cyanine dimers, YO-PRO-1, TO-PRO-1,

30 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, ethidium
) homodimer-2, ethidium derivatives, acridine, acridine orange, acridine derivatives,
ethidium-acridine heterodimer, ethidium monoazide, propidium iodide, SYTO dyes, SYBR

Green 1, SYBR dyes, Pico Green, SYTOX dyes and 7-aminoactinomycin D.
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42.  The method of any of claims 39-41, wherein said at least one promoter is
provided at a concentration which favors one binding structure of said complex over other
possible bmdmg structures of said complex.

43, ' The method of any of claims 24-42, further compnsmg opncally mappmg or
optically sequencing said target.

44,  The method of any of claims 24-43, wherein said signal comprises a series of
signals detected under serially varied conditions.

45,  The method of any of claims 24-44, wherein said heteropolymeric probe
sequence lacks homopolymeric fragments greater than 5 bases long.

46. The method of any of claims 24-45, wherein said detecting comprises
detecting a change in at least one spin label which is attached to the probe and/or the target
and/or is free in the test medium. '

- 47,  The method of any of claims 24-46, wherein: (a)l homolégous binding
conditions are provided and an incompletely homologous probe does not bind to said target
or binds to said target with reduced efficiency; or (b) Watson-Crick complementary binding |
conditions are provided and an incomplcte]y_ complementary probe does not bind to said ..

target or binds to said target with reduced efficiency.
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