WO 02/ 103051 PCT/1B02/ 01972 NUCLEI C ACI D MULTI PLEX FORMATI ON SPECI FI CATI ON
BACKGROUND OF THE I NVENTION 1. FIELD OF I NVENTION 5 The invention rel ates
t o nucl eiwoaeiiaBosul ti pl exes, and nore particularly to netkhadBox9Tr eati ng
them as tripl exes and quadr upl exes, and furthernore enpl oyi ng themin
assays to detect speci I f%M RELATED ART 10
The ability of two si ngl\'fge—% & %}udﬁpl'% i 'f es of conplenentary
base sequence to bind specifical BpECorFgashiont her has provi ded the basis
for both powerful researc _ rfu iagnostic tools. Less fully

expl ored than such "convgﬁgggﬁgﬁgh—éﬂgaﬁ%m been the ability of
single 15 strlandedImirecr aNUENTION]I t 0 doubl e-stranded targets and the
abllty of dqubl e-stranded | ecul es to _bi.nd to dou tranded _targets.
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becom ngspaec:tfotcalnluyclream;d@r@iem,l They could also stemin part fromthe fact
t hat the base-pairing nechanisns would be at |east partially different
than in conv th%Wk&%the 25 possibility for nore
favor abl e Ki rtetel eHidndva Jredied i Dihdie tdte-ari@ ituQfe iRY Re derdeddird he
hybridi zation action mxture. Prior work_on creatqﬂeg mul ti pl exes have
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reconbi nattiean ttut@cpsamaearwswaﬂsatfag hb\bttth &t il alresd38rphotgidn RecA
and proteins _IgJ)L simlar functlon i n ot her ani snms;_2) The creation of
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15 stranded molecules to bind to double-stranded targets and the

ability of double-gtranded molecules to bind to double-stranded
targets. The ability to bind to double-stranded talgets
potentially has advantages over conventional hybrldlzatlon
These could stem in part from the fact that the double-stranded
20 target would not be denatured, allowing “milder” hybridization
conditions and providing a target less prone to becoming a
totally random coil. They could also stem in part from the fact
that the base-pairing mechanisms would be at least partially
different than in conventional hybridization, allowing the
25 possibility for more favorable kinetics and a reduction in the
amount of probe needed in the hybridization reaction mixture.
Prior work on creating multiplexes have included:
1) The formation of triplexes as part of the homologous
recombination process, a process mediated by the bacterial
30 protein RecA and proteins of similar function in other
organisms; A
2) The creation of 3-sgstranded structures during in situ
hybridization (e.g., U.S. patent 5,707,801 of Bresser et al.);

and



3) 3-stranded or 4-stranded conpl exes that rely on Hoogstein-type bonding.
This prior work does not fully exploit the potential for formng

mul ti pl exwe.02/TB®5RecA- nedi at ed process requires a 5 prot@cChIBIEIin situ
hybridi zati on processes are based on the principle that the doubl e-stranded
intracel | ul arytarget; yWdd 5906"4'-3&&%%{&&& S | &: st rapgded stryctures,
providing a single- stranded target that wl r1di ze accor iné’to
convent i stenibriyre drwhing i nci pl es. Conpl exes reported to rely on 10
Hoogstein-ty I | hpLtLe 0 Struct .t hat are not . tru
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was t he Raecipld thapl shenubdwhle astidsndedeintpavehlibaal tersgdemwigar di ng
quadr upl ¢ aecigs e uch..pecul i ar_structures, only exi st
under relleaa%':t i v§l| %lp%élxg{r:gn%@%%ln%i %%)#Slgg%rsscarurce UhSRre Py XA o élsajsrégrﬁo -

nucl ei ¢ rawiels. targgar theul aillSéybetiddlze (@ENatowde ndB 4B 6ot f QB8] )

di scl os : nine-rich oljgonucleotides can _spontaneously

sel f - ass %ﬁhlz&l. n% o%{;urérs llrl]%Jhéi:tla‘%ghel |E Iélghleﬁeigli tFSPg§gﬁ8et %zﬂ ,rely on

( BP ochefisxtg st Sin 85080 dd98R))s dise| bisetkd¢dato tdtemectimmy -tshaandesd not

conpl exeér&earhef%r heor assi,osci ate i nt 25 Stégler st &5%ur es, conposed gf%& 12,

or 16 ol i'goners. NS B S al i B o dhET SEAI3%: 82187%9" (196} And
Nucl ei ¢ Acpd$yRestae ¢ br2 @060 vAAIn{dD9s) prdivestyoseibddat hepaeo . guaede-ri ch
ol i gonuc% gqgti des 5an .al so assenble in an, tff set, paiallel_ al i]?nmant
forning 10hg "G wiies™ Th&Se hi gher- or deFt365t ructres G836 ¥E%bi | i Fed by

G quar t eiwsr irmtpwoirss gy oifmfdine tgupleshabix exirtuas ar L angeded vl giane and
(B ochers St y?o SRRy (B o et oy a0 £t glibtRd Guan nes vi i hi n
the oligonerAsrewesitthal foarsd hewfich matirboplek t hesechicgheiciotsder tiab
struct urceosrive_r?tivé%a 2/w]i% o?nl rlgggrl 19'1%/ %%%Zi%uplex nucleic acids has been
that such peculiar structures only exist under relatively
extreme conditions for a relatively narrow class of nucleic
20 acids. 1In particular, Sen et al. (Nature 334:364-366 (1988))
disclosed that guanine-rich oligonucleotides can spontareously
gself-assemble into four-stranded helices in vitro. Sen et al.
(Biochemistry 31:65-70 (1992)) disclosed that these
four-stranded complexes can further associate into
25 superstructures composed of 8, 12, or 16 oligomers.
Marsh et "al. (Biochemistry 33:10718-10724 (1994), and
Nucleic Acids Research 23:696-700 (1995)) disclosed that some
guanine-rich oligonucleotides can also assemble in an offset,‘
parallel alignment, forming long “G-wires”. These higher-order
30 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 al. (Biochemistry
31:65-70 (1992)), at least three contiguous guanineg within the
oligomer are critical for the formation of these higher order

35 structures.



It has been suggested that four-stranded DNAs play a role in a variety of
bi ol ogi cal processes, such as inhibition of H V-1 integrase (Mzunder et

al ., Bi ocweriza03oy1 35: 13762- 13771 (1996)), formation of syeapBzo1di i ng

nei osis (Sen et aI , 5 Nature 334: 364- 366 (1988)), and tel omere nai ntenance
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structure, rédsul tiasy ibeem 2(fudﬁr¢ree:asesuggets+ta& ititear actanarcdnd nay deflect abl e

change e. d1lu cence ttedfro the structure. U S
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ol i gonugl eoti r i CIfI al Ly 25 red, full-length
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quadr upheghbNAe Eb@tmllﬂierﬂethragghegaugsc’oha’al hiimdotthectod igomaddient iade to

be puri frcn‘lu %; N 391 the |tsol ated using size-exclusion techniques. Despite the
eve

f or egoi the full potential of 30 quadruplex nucleic acid
has neit her e en fHaItIeyltammr eei, ased7aor tofBiLt)y(eEX@’d: cal ediidReladend tuhathe

PLELL SOl ROk TS EstLon L YBe perosrlieale Ul doubLg sijanded
det ect ded 3% igngamitictlatie adeddei. c Hpbﬂshﬁ@fldﬁﬁaldzem tan d heinpleasntzasi c
form b§£g%n%%ﬁ%gﬁpéﬁhpggglEQ%ﬁg%gé% structure unfolds or linearizes,
thereby increasing the distance between a donor and an acceptor
on different parts of the G-quartet structure, resulting in a
20 decrease in their interaction and a detectable change in a
signal (e.g., fluorescence) emitted from the structure.

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

25 with a desired, full-length oligonucleotide and concomitantly
form a multimer aggregate, such as quadruplex DNA. The multimer
aggregate containing the oligonucleotide to be purified is then
isolated using size-exclusion techniques.

Despite the foregoing developments, the full potential of

30 quadruplex nucleic acid has neither been fully appreciated nor
fully exploited.

Related to the problem of performing hybridization-type
experiments with double-stranded targets is the means of
detecting them. Fluorescent dyes have been used to detect and

35 guantitate nucleic acids for decades. In their most basic form,
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fluorescent intensity-based assays have typically conprised contacting a
target wwth a fluorophore-containing, probe, renoving any unbound probe
from bourmopro@s®st and detecting fluorescence in the washedTaneuiier2
Honbgeneous assays i nprove 5 upon such basic assays in that the former do
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t apget mqlumm aHdweUas‘equharsbypaﬂ:\a—lttsr\n:eqdw Qm]@ueenafealcgﬁerﬂml&@h
probe are e. close, . .to each ot her when the probe is

unhybr i diFe tﬁaln vﬁwé‘?PJtrhae Tobe" Y5 | & hisHRW LE BRI Ca Fangs i

enmi ssi ondimhielengtth eowedratiate sddnIfg @rﬁx%d?&ﬁj Q@m@iﬁ@@;ﬁ-&)e@’l
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in 35 polari atlon as funpction of binding can he ynpredictable, and -4
VO 02/1d%§§a ﬁ%_ %5 sequences gn [Te} Rutlon using probes
comprlslng at least two fluorophore moieties. The fluorophores
must be selected to electronically interact with each other when
20 close enough to vary the wavelength dependence of their spectra.
Unhybridized probes are much more flexible than probesg
hybridized to the target sequence, and consequently the two
fluorophore moieties on each probe are more likely to be close
to each other when the probe is unhybridized than when the probe
25 is hybridized. Thus, a change in emission wavelength correlated
with free probe can be monitored as an indication of the amount
of free probe in the sample.

U.S. Patent No. 5,846,729 to Wu et al. also discloses

homogeneous fluorescence-based assays for detecting nucleic
30 acid.

In addition to the aforementioned developments which detect
fluorescent intensity, some have touted the advantages of
fluorescent polarization assays. However, there are significant
drawbacks to polarization-based assays. The degree of change in

35 polarization as a function of binding can be unpredictable, and
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interpretation of data to conforminconsistent data to theoretical
expectations can require nore effort than is desirable in an anal ytical
nmet hod, paotoeaedoar |y when the method is to be autonated. PChaBe/@pre as wel |
constraints arising from5 the nol ecul ar vvei ght of the nol ecul es whose
notion i vial uat [ flugre ol ari zation assay. ,The present
i nventi olﬁlst%#tbﬁl?ergn oef‘ldn C\E;al??oug& rr%%r SRR ARESHPHERED % yagl?e €
advant a@é‘laﬂrettrie:adr opaemelceatafonfd umaescefatpllml endtres éﬂfo:btll’ pases afs

det ect d I efe e cite erei.n e
i ncor plo?%tste %lfgéﬁ?ﬁ %?1 aﬂg?g%%chﬁn ﬁel’ rp%ﬁh?‘é{ s I C%UI\W\?%E\P%: THE
| NVENTI &% tl\zbtbhao@&t@inacledat | igersl &ipl exegelh migmtﬁiwé asmm fAten

compri sing (PELEERE8E Beioh? HENRACnBIRERIRED hin 1 Ty b Sater %aéldngm o
WAt son- @vadluatchﬂolm a & lsuifasgicart pmrdmrzam‘lcﬁi rR@sayst randed mi xed base

sequence nol S-d form a i ncl udes the Watson 20 Crick
dupl ex, and :lﬁl%a celerat or At rgr-ét % leln eeaf"see?é'l’a T V@ TGOS idRAT TR

mul ti pI exnldfagtimedriten, t cs diakemadrigitexgdheih gt tgddqpedx ievs dwmrutp&@@eﬂmer ein

sai d si anded. nol ecul e or ecul e sel ecte hat, 1If Iin a
nul ti pl grg)ktchey V\D(%ﬁ “dPEERR™6E oFeﬁq?[i){:%ng"agatﬂf @?‘?&e?s S uRgxes -
motipl ex by ZddherefieeehceR5 dasel padréhy bbtbesz.ncﬁm;d»ﬂaﬁﬁ Bei-agneigyher

Wat son- base- | ri.n |.es .ar honol ogous bi ndi ng base-pairing rules;
and 2) %recfc et Igteﬁ’rt{: %e5F 189 0w the multiplex to form each strand
of said nultiplex reI at &R THF awmromtmme mul tiplex by
adherence to _pa e i ,V|dedthat within the multiplex,

t he Wat son- sisiel €8 s heteropolyrrerlc with a GC

cont ent bet\/menoha%@éhdeﬂ&% alsrpeme pahtal Cithwen e cti Of at hgePBSROGE t he

tlplex r.eat ed a.tripl i.n step (1) the sufficient nunber of 35
gl e-§ oMBRIES (AP i 1 rep T THERFY WPFISIng tRs
02/ 1030&tel££§l'ldﬂ302/ 01972

1) creating a mixture comprising water, a Watson-Crick
duplex, a sufficient number of single-stranded mixed base
sequence molecules to form a multiplex that includes the Watson-

20 Crick duplex, and an accelerator agent that increases a rate or
amount of multiplex formation, said multiplex being a triplex or
quadruplex, wherein said single-stranded molecule or molecules
are selected so that, if in a multiplex, they would each be
related to all other strands of the multiplex by adherence to

25 base pairing rules, said rules being either Watson-Crick base-
pairing rules or homologous binding base-pairing rules; and

2) incubating said mixture to allow the multiplex to form,
each strand of said multiplex related to all other strands of
the multiplex by adherence to base-pairing rules;

30 provided that, within the multiplex, the Watson-Crick
duplex added in step (1) is heteropolymeric with a G-C content
between 10% and 90%.

In one particular aspect of the method, the multiplex
created is a triplex, in step (1) the sufficient number of

35 single-stranded molecules is 1, and in step (2) the triglex is
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formed. In a particular enbodi nrent of the nmethod, in the triplex, the
singl e-stranded nolecule is related to one strand of the duplex by

WAt son- Crwolo2he®et pai ring rules and to the second strandPefi/iBéidiepl ex by
honol ogous bi ndi ng base-pairing 5 rules. In a further particul ar

enbodi mgd,nddhe dupl gx fﬁqbf | al r ins its doubl e-heljcal_structure
and the s:.ti’nhgl e-straﬁd_ep no éelgiu ]}e re%ar%iogggn%flﬁ: aotﬁ-ro%l/ee get gt’ d%ﬂbltel?e
hel i cal 'Stimicur ehel $ingleh stigrided snalee s ol st tsedftd hme igheenid on.

10 In a p heul a [0 thod, .the multiplex .created is a
quadr up%%ﬁ g%%%%%l;ﬁf h@gg\%%%oé¥}(§?cgggﬁppg%ﬁl§g f%%}s’stamt &6n-5 ck
dupl ex, sawprich sitregnd OE tttes shifflieci oyt homothsyowd Isimiirey Masndsd molecul es
isc2, t i ngle-stra | ecul.es e in_a second Watson-Crjck dupl ex,
and in gﬁ%ges('s?) %Ig ttﬁe qua rht?pr?e}?rstjf%r rred f?%ogéinamf:i'rs?%ﬁnd ds%’?tﬁ?ﬁ

dupl exesubsaaftarddly setpint) itss dakeibiidthdhiecd Wo ssirigicerst randedhe

nol ecul es ready | e_second Watson-Cri.ck dupl ex. Methods of_ detecting a
tripl exPS'SI‘thglrree'?%itord4 %ﬁé&gr%%ﬁg%%f% FFF%ES? ¢&h abegjéa%}ﬁ? ea%t %%‘5‘5 £OUBE et hod
for det éstliimpla striptexrdy AU sgelantaddl eékepabret ef sp3kspartwhioth tihe

triplex iirﬁre‘ﬁ!'ﬁ:tie%t ed. Methods of detecting a quadruplex The method of

creating a quac?r upl ex can be adapted to be a nethod for detecting a
quédr upl ex bylraddiaithen wddi idudrat et 25 (e inethodh die guadgipex is

detected,. . _Tr.i X, _I'n_another general_as t,,.the [nvenfion i triplex (
2 r st R g 5 BuRiPeT Ry e Ry sk B boor Tesiex 3

doubl e- st r&hded Watkene Cadictt tdngedx, wiedeiin Sti¢b plopetd@ comyisesta
het er opqgl yneri c .nucl ei.c acid or .a heteropol yneric . nucleic acid anal og, and
al | basem%é‘r’bleﬁﬁ e SAFOdE 8 PP a BO BB o2 s SRR FIHHR 1

consi st imeg eafuldesT-shce BrA-al,sddord WathbohdriAek)tdAipléd- Und>iG Grand @)G C.

-6.W0O 02/,103051. PCT/ |1 B02/ 01972 adrupl ex: I.n anot her aspect, the
ig%enti%ﬁ%fﬁ%ﬁqﬁHR#?ﬁE&gs ?ﬁ@?%sgrom galé first and second duplexes.

Preferably step (1) is done with the two single-stranded
molecules already in the second Watson-Crick duplex.

Methods of detecting a triplex

The method of creating a triplex can be adapted to be a
20 method for detecting a triplex by adding an additional step (3)
in which the triplex is detected.

Methods of detecting a gquadruplex

The method of creating a quadruplex can be adapted to be a
method for detecting a quadruplex by adding an additional step
25 (3) in which the quadruplex is detected.
Triplex
In another general aspect, the invention is a triplex ( a
triplex complex) comprising a single-stranded probe bound to a
double-stranded nucleic acid target, wherein said probe
30 comprises a heteropolymeric nucleic acid or a heteropolymeric
nucleic acid analog, and all base triplets of said triplex are
members selected from the group consisting of A-T-A, T-A-T, U-A-
T, T-A-U, A-U-A, U-A-T, JG—C—G and C-G-C.



that is a quadrupl ex, the quadruplex conprising: a first strand contai ning
a first sequence of nucl eobases; 5 a second strand containing a second
sequence wh 02nwwbeobases, wherein said second strand i s agsovaBermEd’2 with
said first strand by Watson-Crick bonding; a third strand containing a
third seg@g@gT_Q_wé#ucl eobases; and 10 a fourth strand containing a fourth
sequence 0 nucl eobases, wherein said fourth strand is associated wth
sai d second st® aFPErRE sasrechi rehet favenbion Was sorm@t £ Lkl brndi nget BR: EF
DESCRI PT# 1N OFs THE DRAVY, 15, The i ' il]l_be.described in

conj uncti on vvi%h, t%e fol Tow n%ﬂ-%r WQ%JS@%%QV\#IH r+|§1klggfef erence nuneral s
designate | i%kefigrsmsimrghd¢oierigiimg Bi gsrst, 2aquadc2Boshoucl bebasdensi ty
of sfl uorescenge as.gnqgf ungt) of re, GC_content, and extent_of
base pair 20 rmatching. |gj%s. , igﬁggﬁhggg 5¢ anﬁe%ﬁqghoﬁe[%nicﬁt erdfty of
fl uorescence as a Tumktdlomses, widvetenytdsidkeseemndottivasd pai assaat stedg and
cation. Figs. 6A 6B [ bt fluorescence as.a 25
function of |asing prlg%%%f §£ﬁ%\{: c%%]?%?é kié’ géétﬁ? %&?(&30 %%H%E, 9A, 9B,
9C, and 10 showhizd stegadsopradmipiereshireseqtienset yfofiuél sslbeseence as
a function of the extent of base pair matching and cation. Fig. 11 shows
the intensity of fluorescence as a function 30 of the extent of base pair
mafchi ng i n @& sofauirbh coftmmi ngecosthandhg Fizgs. fd@Ach12Bedl2Goand d2D
show the intensity scence as a .functi of _wavel.ength for rfect
and i nperfect bas%ﬁé;)la?éﬂ#r%%%hg@?xf\elﬁIﬁ@&:dgg%%@oﬁ%ff@l?ésl %%S?%at%
cationi c DNA int erwidiiat spi¥O¥ERdond presedt .and WOid2/d03651 sRCEhBBARAF 01972
DETAI LED DESCRIPTM%Eé%%J&#%éﬁA@%Q&£%%FlCBSARY AND DEFI NI TI ONS

BRIEF DESCRIPTION OF THE DRAWINGS

15 The invention will be described in conjunction with the
following drawings in which like reference numerals designate
like elements and wherein:

Figs. 1,2A and 2B show the intensity of fluorescence as a
function of temperature, GC content, and extent of base pair

20 matching.

Figs. 3, 4, 5A, 5B, 5C and 5D show the intensity of
fluorescence as a function of wavelength, extent of base pair
matching and cation.

Figs. 6A,6B, and 6C show intensity of fluorescence as a

25 function of lasing protocol, and cation.

Fige. 7A, 7B, 7C, 8A, 8B, 97, 9B, 9C, and 10 show, as
regards quadruplexes, the intensity of fluorescence as a
function of the extent of base pair matching and cation.

Fig. 11 shows the intensity of fluorescence as a function

30 of the extent of base pair matching in a solution containing
ethanol. ‘

Figs. 12A, 12B, 12C and 12D show the intensity of
fluorescence as a function of wavelength for perfect and
imperfect base pair matches in dsDNA:ssDNA complexes when the

35 cationic DNA intercalator YOYO-1 is present.
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The one-letter codes for the bases that formpart of their respective

nucl eotides are: A adenine; T. thymne; G guanine; 5 C cytosine; U
uracil. TWele/1dmsters are al so used to represent their r®SpaBey/01872

nucl eotides. The G C content of a duplex is the 100 times the number of

G C base pairs divi degby the siPAle g, HyTer, of epairs plus the
nunber of A—T (or A- a percent age

(e g., S.CRHSATN ‘-H DEFINIGITGNfent i s understood here as one that
"increases a sai ri.pl ex or | ex tion." A
rate can be o a| ned WI%E as ev?aa%]{ e TEASUT gﬁ@%‘[ E%rglaa?r tg%i ft?‘&rlgnt
tine p0|rrﬁS$>eqﬁtrmLmtmmJefo§ndecs tehee : B& rasﬂdmmeqf Tt:r itplyed es ;06 : quadnupkexes

formed. ~The I agen sed interchange t he
tefr)ms 'pr omgtt arfd%‘e ?‘%%?i gﬁe%?" B %J%f)? %%raelst%él%egf(jfﬁoirgpresent
speci fi ddidiy rleffsy@minf@ rgmileq:mamﬁ.er The terns nucleic acid, tr| pI ex,
guadr upl ex, I 0 e i nded tq.refer to nole ul es
conpri se DNA, ,eC g e%-‘ana OSIJl’Jes(f gfeé%fl c% I1§ 165Fm %‘5 84
struct ulGes dacke asir‘\ﬁadwmdé}illcy tdueplmme:bf ahé hhebéripf exeas baila;é palrs
quadrup her ej "N cl epbase’” refers to_the bases

T, and th %)élgsz Jl’% eolfgsot Ebét g%r Jg ?i ht5 Daisonaedi ik Bﬁggeﬁﬁﬂil ﬁ(j
ruf es. aAleI;ﬁIe:sagﬁ % \g.G Qo a%r)cl T are those anal ogues that can conformto
Wat son- Crlckbse$a|eri]grules A Wt son- |ck ducﬁ) X |s a 2-stranded
nol ecul e or CUTATS SEYREht FIFhi ¢F R ?%t%? ands Car 8% aiti< pafafl el |
t heir 5"ir¥res3®«i mectabas diei agoaﬁﬁO%fe sallie oxep Béic S uqhaaeugﬂetxhe

dupl ex it hat., of ,a doybl e heli x. ands are he]d together b
hydr oger?sc‘ﬁrglr‘nEt s"4hd hydrophdbfc ‘f?ﬂ'e (r?rt@ln? r%‘ng baEe ’{%Wr ad two

conpl emertzanitemerk d S spalr atd dl\i]’ffbr'l'erbty ﬂm bydhegenabondss (¥fer idd the case

IS d wi.th and G alred thC -8 WO 02/103051
P%]’/IBO?/UG%#Z) Od{/q:t ’T‘?%rodbe%l FEER 1, the base-pairing rul es

are: A is paitedent hdocdl dsa s r@gemt hiy), uaed ﬁltér@aahgeamthgth A

3-stranded nucleic acid nol ecul e is not necessaril
Q§1 germs abromoter” and “promoter agenf” except where the

promoter specifically refers to a gene promoter.
The terms nucleic acid, triplex, quadruplex, and the like
20 are intended to refer to molecules that comprise DNA, RNA, and
analogues thereof capable of forming similar structures such as
Watson-Crick duplexes, and the triplexes and quadruplexes formed
herein.
“Nucleobase” refers to the bases A, U, G, C, T, and those
25 analogs that can conform to Watson-Crick base-pairing rules.
Analogues gf A,U,G,C, and T are those analogues that can
conform to Watson-Crick base pairing rules.
A Watson-Crick duplex is a 2-stranded molecule or molecular
segment in which the two strands are anti-parallel, their 5'->3'
30 directions being opposite. The overall structure of the duplex
is that of a double helix. The strands are held together by
hydrogen bonds and hydrophobic interactions. There is base pair
complementarity, A is paired with T by two hydrogen bonds (or,
in the case of RNA, A is paired with U) and G is paired with C



triplex and it is not necessary that any segnent of a 3-stranded 5

nol ecul e be a triplex. it is possible that, at no region within any
strand, iwoOtoRao3ostrand bonded to nore than one ot her stramdT/IBéR/@EPTPI €
exanpl e woul d be a Y-shaped nol ecul e where Strands 1 and 2 formthe stem

S d : d,S d. 2. f
i ngl o- ot andey PRaRpont bPhieRRY'a THANT, BAS BT i el ame:

3- st randedishirdigied aditth Twlfecid e@adratblvedid af, seghentis padhiedhwana st.rand
(arbitrarily a nan d fqQl ) ows. { he tson-Crick base-pairing rules
(A T, AU, and gg%fél\t/l\natéﬁ l%)l(])D%Cr%e 7 aa\lrll%é %ﬁ%g%'tlﬁr)%n&s&n%ﬁ rangsS9tehty 2 form
a structiiriolgratands itordsi notl neeetsaryhahaofamy \Mdgomtl Ok ek sduphexd
Stgand 3 4€sd [N I he mj oave of t.hat upl ex. An exanple of such a
triplex is t %%E#eé"a gﬁrol@tegé' gl;t . @.OSEH@% E%&pc Pt 5O ‘ﬁ&ﬂggéi HP§P1P1994)
vol . 23®ny1 Lr20@,( See thespetirahBybfhdadet @ mbrs haiar efrey ette), swehieh .
article 4 $4.,44¢0 d herein b eference. .As part. of the stabilization
20 of suc%lgppﬁ %Rg&g&%t ‘P’gﬁggsbeia sgg%ﬁ%‘éaé)e{égm?ﬁgclﬁﬁewh?% %I;‘il”r 1 BY9%ase
pai ring 4 flagan &def slcleows StAmandson Shdamndf Grm Stipai et wigdeberhnah , Aaed
Strand | trand 2. a .G on rand .3 is paired with both a G on
Strand 1Stg[[r%3‘ldaaz %%%‘Sgna Stte %ae'ft%r@eﬁl St tnd’l@%)rs 81 with both a C
ohOStrand 1 &nd exaGpde svfaral 2riphdxa Isom SBrapdaldded paidiediov khiboth a
T on Str. nd_.an on. strand 2 30, These base pairing rules are,
sati sfi e“gﬂ ?eecéu&%dl%rgsm%fe%]}%ﬁ S?/%‘P?%%tl?d”g?cgﬁoaﬁ E‘t,ra*i‘gor(a FEERTERY
Zhur ki n meoeke] Sitsrandoh$i dsEbwd hehkewat baser Pak rbage 18 B8 npre ltdzoga -t hat
defi ne the eci fi ¢i be n,.one_nucl.eic acid nol ecul e and anot her
nucl ei ¢ ﬂB@%@i §% é%l é’l&ﬁgﬁ"{:ﬁegl’—ﬁﬁnﬂi dalf(g %%‘E?P‘gt%er SHER9SpcPPci ty.
-9 WO 02 10306 1a P+ B0r618Kat Exanples sar JMd sof- Ghak bAsg wakkbag
(s (GGl Lo M@y homelgous, blAdi g Base pal i ng,ryles
duplex. An example of such a triplex is the one elaborated by
V.B. Zhurkin et al, J. Mol. Biol., (1994) wvol. 239, 181-200 (See
especially Figure 2 of that reference), which article is
incorporated herein by reference. As part of the stabilization
20 of such a triplex, Strand 3 is bonded to the other two strands
by base pairing rules as follows:
An A on Strand 3 is paired with both an A on Strand 1 and
a T on Strand 2;
a G on Strand 3 is paired with both a G on Strand 1 and a
25 C on Strand 2;
a C on Strand 3 is paired with both a C on Strand 1 and a
G on strand 2; and
a T on strand 3 is paired with both a T on Strand 1 and an

A on strand 2

30 These base pairing rules are satisfied regardless of which
variant (C or C+ or C', T or T') of the Zhurkin model is
congidered.

The term “base-pairing rules” are those that define the
specificity between one nucleic acid molecule and another nucleic

35 acid molecule when the two bind to each other with specificity.
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"Decondensation” of a duplex is defined as an increase in 5 the overall
helical repeat |ength of the duplex. For exanple, the B confornation of
t he dupl ewolvagoznst overal | helical repeat length of 10 baPeTaRIYEIT2a

decondensation of 106 results in that repeat |ength being 13 base pairs.

No. 5, 530 U35 Wolcen el Ao Had A emsothan: {Cah APt mave.

f or mul atﬁjb@d)fmm@éogpm‘sehnndmsgﬂb@sem@m"lmlsrudseaje{aem bedTi nctde Swymary
of The Igwgntion section have specific enbodiments and preferred

enbodi ments of 15 interest. These enbodi nents are descri bed throughout
this applicat I'eacoréewseatjofbrofoavénpeageismesyinkdt hemaar €ncaiemses iized in

t hks se rl t.he invention u r,zed in the S ry of
I n\%entl g%lhge%\f%ér?lcgln lég a&h?%@%ﬁ i% fl?e‘?fng’ievng%P;?ﬁi' oﬁgre?ﬁar‘@gﬁdj%@one
vari ati of mnﬂdmammnplfonhéwtbplex&tam rRirNgverhilanél abadvesped: asreH he

essenti tjo uch alter atlv for tions o the invention are
al so i ng+ W%ée ?ﬁilsrgéect‘lg%% ?/gfﬂ%a% &f%érraﬁ?ﬁ‘éh r}la}tplréP@?tThe
met hods lﬁnsfﬂoh rﬂpe\xyg hes tha g epairs quadr upl ex, 25 descri bed generally in

t he Summary h ntio ectio ca n y be perfornmed by
i ncor por at i ngéo%eg%ér (%r{rset;réeo Oqusl% <§€f| rﬁn‘bgﬁp ngﬁ\fﬁe H%H" (Fhien She
nuPti pl €X, St heatéitis e Ors cia dupd Bxt addisll sen sétepl ()1) is heteropol ymeric

VV\\L{ 205;]1 %&: eRELd 25% an (ﬂrBO \NI | the_ rrultl IOI ex, »

bet ween AT 50% and furthernore the conbl ned frequenC| es there| n of
purine- pyrlra&}(ljl ne ¢ d| Ner s and rlmg)g]fe ne di mers eds 25% . (diners
are identified StArtd Oé’ts taﬁ'e SC IERTEY FrYGREdOPng

one baSESenthmlhmwewwpéciﬂﬁc3embﬁdlmént@aﬁh&dpréﬁérreéoe%&b@@héﬂ%@5bf

PCT/ | BOZ/ 01972 | e uence 5' GGGT has_ one purine-pyrimdine
,dlgr%r-er aﬂ%ﬁ% i d;ejﬂ‘i’éfrﬁeg didFE s est%]qe‘jcor%}%@% &hdites

equal llébpllcatlon However, for convenience, many of them are

summarized in this section. Similarly, the inventions as
summarized in the Summary of Invention section can be phrased in
alternative fashions expressing some variation of the invention

20 but retaining substantial overlap as to the essential invention.
Such alternative formulations of the invention are also included
in this section.

(A) Methods of making the multiplexes

The methods of forming the triplex or quadruplex,

25 described generally in the Summary of the Invention section, can

optionally be performed by incorporating one or more of the
following into the method:

within the multiplex, the Watson-Crick duplex added in step

(1) is heteropolymeric with a G-C content between 25% and 75%;

30 within the multiplex, the Watson-Crick duplex added in step

(1) is heteropolymeric with a G-C content between 10% and 90%,

and furthermore the combined frequencies therein of purine-

pyrimidine dimers and pyrimidine-purine dimers exceeds 25%

(dimers are identified starting at the 5' end of the sequence and

35 progressing one base at a time until the 3' end is reached; for
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performng steps (1) and/or (2) with the nucleic acid 5 strands and/or

dupl exes not in a cell (and not in a virus); performng step (2) wthout
t he assi swereaodf1 a protein (such as recA or protein of sipairliae2/farecti on);
in step (1), adding the water so that it accounts, on a voI ume basi s for

at | eastex@n PR CeMle QEGLBRCET Al d@& t t qﬂn- ferably
for at IeastFQSO%o thg ?Iﬁﬁ% %a rre m)glttd p?@?eé‘%nrﬂé( e) Sér s
the onl y{4%)qand Bededr iwldhee- mimmﬁ: Simens stélpe(ﬁ)qommm@drmg[u@my:les

pr ot ei n,eﬁggﬁ or/dyng step (2) at a tenperature or tenperatures above 15 the

freezing rrperature of the aqueous solution and at not nore than 85 C
(nore preferm%ﬁq}@mmnssegsanﬂl}) 3@ng/omst2) preftdr abhg beivieein: 15c@dand

255 C f er abl t, th
50 1 istsxd ]an% m)no 1@%@(51% ary éméee.l.lprf £ a t%/ afgaf Id:(r)nse)xlgfrm ee R

accel erator agent val'ent” or
metal | i ¢ cat iRa¥risrraint soapc (Qéptw:dzéa)quwme}lel assasdamaél @¥ i3 gtrotedst one

menber sgl g6t ed, f t Sj.St.in al, kall netal cations,
al kal i ne@eart hqs Ir&{ﬂ é(}gtp%lt%%} I’%Sél nr|lloln et At cj?ﬁrl)dns Co( NH3) 6+3 |
trival ent spey nstéme (ahd eddiagaltdie wpeeni se t25 twhigr eacmccsnantds cahl an is

Na+ prox(;gqgnea&)%%on%r}t thon_of . .50mMM to %nﬂ%ﬁe\f in said cation is
sel ected from the group c%ﬁs?% Sg Soo?ejﬁﬁeﬁtp? Vi a V@i‘ﬁ’g@n t96n of
10%M t o msmrelvg(@r@rmﬁﬂdala]ty afco:om:tenlea%t 080 Bf oiOﬂNét ﬁlﬁEﬂﬂVivoaﬂdleNl +2
provi deq{lo%tt 3Q 2. concentr in _ste # addj nt er cal at or
as an accel efator ag eﬁfe 5(%%;)@ (% Iy a |1LTQ’OF§§C§H Vi htEr ‘ggaa(fd;ﬁd %&r ably
a bis- imipdros)at or) in step (1) said accelerator agent is an

intercal ati ng\],,\b IJ gldophore s%d%:gged fromthe group consisting of YOYO 1,
TOTO-1, -11 %26710 YOS, TOTO 3, POPO-1, BOBO- 1,
POPO--3, BOBOBriddin@Grlg sHa10O-(2) a(tyamt&mwrmm,e ¥ PRfpkrat@rBBOabove

Y PRO% TQ- PRO-.3, O PRO- PEhOl BO PRO- POPROd"} BO PRO- 3,

PRO- I he rﬁﬁa}fg empera ure of e agueous solution and ’at not more
than 85 °C (more preferably between 5 °C and 30 °C, most
preferably between 15 °C and 25 °C)

in step (1), adding an anion or, more preferably, a cation
as the accelerator agent (monovalent, divalent or multivalent;
20 for example, a metallic cation or a cationic peptide);
wherein said cation is at least one member selected from the
group consisting of alkali metal cations, alkaline earth metal
cations, transition metal <cations, Co (NH,) 3, trivalent
spermidine and tetravalent spermine;
25 wherein said cation is Na* provided at a concentration of
50mM to 125mM;
wherein said cation is selected from the group consisting
of Mn** provided at a concentration of 10mM to 45mM, Mg*
provided at a concentration of 10mM to 45mM, and Ni*? provided at
30 a concentration of 20mM;
in step (1) adding an intercalator as an accelerator agent

(especially a fluorescent intercalator; preferably a bis-

intercalator) ;
in step (1) said accelerator agent is an intercalating
35 fluorophore selected from the group congisting of YOYO-1, TOTO-1,
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cyani ne nononers, ethidium brom de, ethidiumhonodiner-1, 5 ethidium
honodi ner-2, ethidiumderivatives, acridine, acridine orange, acridine
deri vati vwe,02a0305di um acri di ne heterodi ner, et hidi um non®ezitde/01pT20pi di um
i odi de, SYTO dyes, SYBR Green 1, SYBR dyes, Pico Geen, SYTOX dyes, and

7- ani noaghyHosTy CTCE‘TCP 3) ' ”Pélgé’ ( 1ﬁ i g ) at%B&gfntdefq ajdm“‘ﬁ’ljo group

non- |ntercalat|ng Iuoro ore (especially ‘one select
consi st i Aganype @ll@ﬁrﬁ: Yﬁoaa@rﬁue Twmuyar@ PBOPBRYTdyBRO-B| AIG4PRO-5,

conj ugat g§.p ol "’l%d Ve pr o-hl uoges n,an cl ud| ng
t he "caged"R(%)?iobegd3 egon een odggn %‘gbéée%"g%@a@%ﬁo &Jr}fg) ai d

i nt ensi t §Yasineyvepgedyersy r ebahedinint hbﬁroerdE|,on eafhitdiemm 151dnrddiln@rﬂr

quadr upl gx t ai d ent _is tether to at ast

one of sali }al#ﬁ@tﬁ@?(%%%\% §s%ﬂ d%(siglggn ﬁ%ﬁg @sgleﬁ’tr?icrr&dﬁﬂean@cr i d
fourth sPramage, i lacgtleiin(el) daddmglaasaccettlei@im agemlm@athetsezajaim&

i ntercal 0 Mt son- dupl_ex (or
at Ieasté%lgjzediwtrﬂ&?gél%ét sgroﬁl cﬁmdb8$é§8 S&Eﬁ V&5 (D gairr?&na

accel er a$Y)BRa@eeﬂ (Bbpedintéy, a&YT@Xg@yes: Iamijlﬂmimmé@tiﬂompéﬂﬁ psuch as
di met hyl for ngm ﬁ?hansoaldand roI) tht at 25C|saI| uidj;élrgZSin

step (1) addl Ag m)re an Ofie” acce J1sh SO OSSR
aééel er afbno:e@rc@re hadaspscaall:pndaesaeleoted decmnd%s@.ﬁdmp ageidi A8 ng

23 92 L0 Mo g UPA ol 1 1 B4 o0 6l Ll e
accel er athiohgertcisere predbefsr, oﬂubEesgebﬂmzﬁDd&ﬁmmgv@% (ectlnsimpdhe
bout 5t St Vo 69p 0555 £ PR BB D0 7 S came St e i A
| east onesald Giﬁ:tensetgr: Gdbabevérsplet corsepasetii walth chergeeio®nercyesi ne
i pLSeach t&p(iex N quacdru]gfse triplet is positively charged;
in step (1 ) said accelerator agent is tethered to at least
one of said first strand, said second strand, said third strand
and said fourth strand;
in step (1) adding an accelerator agent that is an
20 intercalator that binds to the minor groove of the Watson-Crick
duplex (or at least one of the two Watson-Crick duplexes) ;
in step (1) adding an accelerator agent (especially an
organic liquid soluble in water, such as dimethyl formamide,
ethanol, and glycerol) that at 25 °C is a liquid;
25 in step (1) adding more than one accelerator agent;
in step (1) adding an accelerator agent that is a
condensation or decondensation agent as regards the Watson-Crick
duplex;
in step (1) adding an accelerator agent that is an analog
30 of A, T, U, C, or G;
in step (1) adding an accelerator agent selected from the
group consisting of lectins and polysaccharides;
in steps (1) and (2 ), buffering the mixture with a pH of
about 5 to about 9; '
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51in step (2) the incubation tinme is not nore than about two hours (nore
preferably not nore than 1 hour; and within either tinme frane,

pr ef er er alWDy2a030bast 25% nore preferably at | east 50% Pofi/iBé01pTEsSi bl e
mul ti pl exes have been forned); said at | east one accel erator agent is a

m nor groove ' I d_Dbindi | ecul.e,, wWhic i nds i n non-
intercal ati ngorgrregnér}géﬁlrge glﬂrl]d%pvmﬂ%ggngggsgébégi oh c%ﬁ?’f%n?}agF gtlplrl&%st
103 M| isvositivelky mhadgedx is part of an electrical circuit.

(Al ternativel t i tion is an electrical ¢jreuyjt. conprisi 15 the
nul tipl ex st r%é%:et ulragt)og\r{gngjr l%icglppgr gn t%méo?egﬁgg oPaB?di?ﬁjré}P%?i M in

t he art Pashidtiteiley fadraaguedyg specific conditions also apply to the

foll ow ng netl] king a _quadruplex.. I n.an _alternatiyvel hr ased

ve&r)si on, the l%?%oegg o(fr%f (Scr]r% rllgnq:@)(‘f:‘ttlhoé1 :}:Li'%er a5 82T 8IS %’??“y(a%o% %\‘f’lodi ng
a hybri digaats ofmoredipuma fogirlivsimg: andrig Stharstlr andir;a segond tstimard thart hird
strand, 0 st.rand ter, .a-buffer and at |east. one _accel erator
agent ; é:%&l{ 62? ]{’%e i rPcruegfgetxieﬁ\!é%slé’f Gy A ﬁ’oﬁlorﬁ?dipﬁfﬁffe&a%&ﬁ’ ia%cﬁt?étsiton
tinme ef Bd&, wef tihdydwsdilviee saild igeloatsk didaendbden SBirhed)ourth strand to
provi de said rguj! 1i g%eﬁast ructure V\,he%ei n$sai d nultiplex structure

conpri ses: %t 25t raied coft'Si MAT TR §8GHENCES off AItIRHLELESVE 30 a
sk¢ond stucdrel cora@l di ngirad fegondosequeace of whius! ephages, iwhekei mosai d
second s_LtnrtandGi%tassoci at ed vviﬁstr}%sa(iid fi,rﬁt strand b¥ Wat son- Cri ck

bondi ng; & T hi & SHIAAFEEHE aF A ng-BOE 't 67 s BRuBREECORTAGEI E6PESERE ©dnd
-13 WO @2/ 163051 REMTB02/ 01972 a fourth strand containing a fourth

sequence of ucl eobases, rein sajd fourth strand is associated wth
sai d second s‘"fr}f'edﬁed”éngﬁ%ap\éﬁgﬁi’p}&xstjr%naaﬁ MatFbnSERF kT 680 di g U Bn
parti cul @l endrodi ixesilss, ahet bavert beflsi ©farf elatdgisal circuit comprising

15 the multiplex structure.)

It will be apparent to someone of ordinary skill in the art
that the foregoing specific conditions also apply to the
following method for making a quadruplex.

In an alternatively phrased version, the method of forming

20 the quadruplex comprises:

(1) providing a hybridization medium comprising a first
strand, a second strand, a third strand, a fourth
strand, water, a buffer and at least one accelerator
agent; and

25 (2) incubating said hybridization medium for an incubation
time effective to hybridize said second strand to said
fourth strand to provide said multiplex structure
wherein said multiplex structure comprises:

a first strand containing a first sequence of nucleobases;

30 a second strand containing a second sequence of
nucleobases, wherein said second strand is associated
with said first strand by Watson-Crick bonding;

a third strand containing a third sequence of nucleobases;

and
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guadrupl ex, the followi ng apply alone or in conbination (the descriptions
that follow utilize the term nology of the nethod of nmaking a quadrupl ex
t hat specwbioegoxdsseparate strands but they are also appl ipcahBe&/t1072t he

met hod that specifies a Watson-Crick 10 duplex as one or two of the

starting mateyi akg) -t | ne ' irst strand.and said secon
strand further corrg}:?lses&glséprﬁgr nﬁgéﬁgg%g gjageght, é)HE%Hybrsi’%‘%uzeﬁcfseon 9
sai d second strandudledasdpumterstimaraigl doestdnist rapldarisnessbicdakedgent

an effective distan f a i.d 15.thir.d, strand, said fourth
strand or on anot ﬁ@ﬁm gg‘gl eé%%g%cgg %%dwi ‘?”Ilndats’a\léjlas{5 5h dsfscrsagi #P{i rd
strand and sai d fdlattdon-Ariarkd;baalichephar naceuti cal agent is a nenber

sekected fro h . onsi.st i n f nucleic aci designed. t o bi nd _gene
pr onot er 20@§qu§3ﬁgé§ﬂ§?%dﬂ§“ﬁ?‘%% ynQCrSeI 8\%an h%eﬁ%egc,%o cl g?c "4 Hedi gned
t o bi nd wileidyviugdldxy, rehevdof lgeney, apdnuzlehe aci ds desmighestion kihd

origi n-qf_- i.catd it f_ pat ens;. sajd third strand_and sajd
fourth gitersé'rn I%e?rle%pér ?\hae ?Slnfo‘%alﬁitd{hﬁ T i ¢S b FER HRUPE Bgf 538 g‘ﬁghofii rst
strand @idmsaiidg 25qsedoudlskridredt, spedifdied #i sspashtanttmndisaud saegnd
strand ar. rQvi ded 4i.n hydr ated for rior.to rehydratiopn by contact with
sai d hy%rr%d%%ast(ll %ﬁapr%elcﬁag%é/g’(o I Elgsf“e&?@%oit%? i &pﬁcﬁ\étle& F‘aﬂ&téﬁa'galﬁk
sétond stupdeck ias ooy alremiiy dahtleedtsintim neitdritargal ati ng fl uorophore
and said 30 jntensity is inversely.correlated wth sajd binding affinity;
at |east one “Accal®tat 8?ea82ntgaﬂg %r’rrisrt—rt S i PRY rﬁﬁﬁ‘&?@ Sﬁﬁang

f 1 uor esdentt hent ensigdyi ods aa teisd rimechwid c£O NGt Ngasai Hybul i phexost bEct ure
is directl.y. correla a bi ndi ng af i ni SZ%OOf sai d. second strand for

ed with
sai d folft st%%%%l?é  #pdon/Fo30A L BCTEPES 167204 b PHRSSR | of24F sai d
second gheanchdemtsiadadl fagarith asit edfdct svdedegt @casfro an@GAdot @an said

St Enal - B oht GREEYof G SOHTAT | SUCOFel Afed R « AIRCBER! G SEale
af fi ni t yashetcirgrrdsaiidhsacondast rand c@asdl dhfiedr sbrshd antl sahybEbdiczat i on
of sai dsstg:%%réd; strand to said fourth strand
said pharmaceutical agent is a member selected from the
group consisting of nucleic acids designed to bind gene promoter
20 sequences of clinically relevant genes, nucleic acids designed to
bind clinically relevant genes, and nucleic acids designed to
bind origin-of- replication sites of pathogens;
gaid third strand and said fourth strand are provided in
said hybridization medium before said first strand and said
25 second strand, and said first strand and said second strand are
provided in dehydrated form prior to rehydration by contact with
said hybridization medium;
at least one of said first strand and said second strand is
covalently labeled with a non-intercalating fluorophore and said
30 intensity is inversely correlated with said binding affinity;
at least one accelerator agent 1is an intercalating
fluorophore, and a fluorescent intensity of a test medium
containing said multiplex structure is directly correlated with

a binding affinity of said second strand for said fourth strand;
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i nactivates an activity associated with at |east one of said third strand
and said fourth strand. (B) Methods of detecting triplexes 10 The net hods
of det ectwpg@2a030si pl ex, described generally in the SummaPgTaBoAd1e72

I nvention section, can optionally be perforned by incorporating one or

nmore of the fl?yﬂ)%iﬁ%}ﬁ%r? éﬁesférgats@%gndcg{: Xn&gtc%)gstastggo(tg)t strang is

honbgenous- assay s darin rior
si ngl e- siete@eed noi®cuk eschdvage ar &n net pandrescehe, t r cheaxlamenastept aced

in a vessglo©QF a that, containing the triplex; using
t he det ect%%n ?retﬂﬁﬁim%e%g%g{m é\gt%i%e%rl%%l aSO Q base- pairing-rules
mat ch, a one-#asénpesaityhoforsalel etigmdl aadcozﬁeaﬂeblas&trﬁ sareb &hd {0d

deketio u e_Sl randed. nol ecul e in. the

debet Lonjee el ieat e UL e S0GRe, Lol Sont oG sl se L e iy (e

mol ecul es conpybsidigza tkhmwno fii saaticls&s:)ondustmgntdhe:cemam pbubtmdsbgand an
i ntercal i.cat ed ncreased flu rescence)

i ndi catl%ﬁrg&?iﬁ&sfor %?"olrylgcfy %SS??%/ %‘i wégﬁ eﬁs\?\/a\?élleeﬁﬁhs%&d

whi ch sdildi ratsrcaidtamd safidrof@rmhtdnestf:famiesces shr fts to a second

wavel engg%}! q\pgg od NEF c%asl at i onE ?j di f%er ence between said wavel ength and
said 30 er a conpl ex between said probe
ahd said tar gete ietthalpl ek dstact ingl @xtansl sbptdescsabddt gegetally ONA or
RNA; th okéem%rcov%lfen%% | abeled.with a non-intercalatin g f&ioro hor e
and sai d i ntensIty i s inversel XSP ePAt 1M sai d 235 BPRAPRELLYF i ATty
(especi @é:yfcwhmcbrby Saiabrpan=d ey caleatdmMeorel bf\WonB2£ 30385 1nBCTALBORAH1972

fl uoropm?r&hiﬁ_ a nmenber selected fromthe group consisting of biotin,
rhodam ne and fl uorescein); using a fluorophore-|abel ed single stranded

nol ecul e as tderrwimgl eust chrdetktmidEcas ea hotbBgeRBLBOG shyd NTOYERLOYS
SR80y SIS GNP AY 20T QHRARALA9H39E0 20 BRLE 1AL
not part of the triplex are not placed in a vessel or container
separate from that containing the triplex;
using the detection method to discriminate between a perfect
base-pairing-rules match, a one-base mismatch (or deletion), and
20 a 2-base mismatch (or deletion), between the duplex and the
single-stranded molecule in the triplex (the method preferably
comprising calibrating the method with molecules comprising
known mismatches) ;
using the extent of binding of an intercalator (e.g., as
25 indicated by increased fluorescence) as an indication of the
formation of the triplex;
such that a wavelength at which said intercalating
fluorophore fluoresces shifts to a second wavelength upon
intercalation, a difference between said wavelength and said
30 second wavelength indicating whether a complex between said probe
and said target is a duplex or a triplex and whether said target
is DNA or RNA;
the probe igs covalently labeled with a non-intercalating
fluorophore and said intensity is inversely correlated with said

35 binding affinity (especially wherein said non-intercalating
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in the duplex) or on said probe (i.e., the single-stranded nvolecule)
and/or without prior denaturation of said target sequence and/or w thout
PCR anpl iwpmatdans: of said target 10 sequence; said met ho@CiraBe/(19TeDgEeneous
assay conducted w thout providing a signal quenching agent on said target

sequenceflq;Olngh&aéd prabe,  the pf % g.-part hall o(r:har(‘%%gﬁﬂlc\%kt upqgga%ged

backbone; 15 °the probe conprises a equence an SRS
by par alhlé?tléfyrntﬂ&diyﬂlfteteaqﬂr dHerarebeind tar get sequence are the sane

| engt h; thetﬂ&ﬂﬁf e%o&% 30 /auGl et qp%l%%é% %h?nge§g ? eni% %%g%%lng

radi ation is em rom an argon i 6 FPasef @bout
200 nmtﬁifmﬂ(ﬁnsqmeﬂnmoltamﬂt%st sarrpl e has a vol ume of about 20

megroliters gap ai bouyt 10 es of tar et se e and, about 10
f emt onol es of pr ollrot{él’ltrillt%ﬁig g(gjnc%ntﬁ eﬂ?ggg Srget %8§§ dj pw %@?ﬂut

sanpl e iBrov23ling ansrignehagusnghing' a@eJM; ¢m$aa@1tamgeat BGQueflcéhelpéobe in
R o T

bi ochi p; the I'nter ating £7 uorop or
free of Hstaltat:hplr@be aaddf oirr ewibhosali oprmgetdamuwmoﬁ hefi nset gal e idqgt

fluorop S t fr the up consi ng_of . YOYO 1,
TOTO 1, ré(gq(r?f‘écﬁcum brorfcgire eecfth ceilq: lE?tgjl'&lg 2t dl?f%n HSEdi Me?E%hind
ac?i di neequedroAd 02/ 103051 PCT/ | BO2/ 01972 In an alteratively phrased

aspect, the tiol a. detection netho r n ro dn a target
dngl e-stranI edpnulc %Lsacﬁ& of n Ianggce,negt:‘fsd 3%5?%5311%‘9%%‘&%%/ |In‘fj tah?lé*fggt

sequenc@ronhetigion a &J@Jad targehisgguerte oantaidstatgéeaséqadcpUbt Nen base
and at Iseﬁ% an%eo—y“ m di ne base; providing a probe conprising a nucleic
acid sequencé) or d nucleic acid anal og sequence;

the probe has a partially charged or uncharged backbone;

15 the probe comprises a PNA sequence and/or is ssPNA prepared
by parallel synthesis;
the probe and said target sequence are the same length;
the probe is 5 to 30 nucleotides long;
the fluorescence-exciting radiation is emitted from an argon
20 ion laser at a wavelength from about 200 nm to about 1000 nm;
the test sample has a wvolume of about 20 microliters
containing about 10 femtomoles of target sequence and about 10
femtomoles of probe;
the concentration of the target sequence in said sample is
25 not more than 5 x 107%° M;
the concentration of the probe in the sample is not more
than 5 x 107 M;
the method is conducted on a biochip;
the intercalating fluorophore is added to the medium in a
30 form free of said probe and free of said target sequence;
the intercalating fluorophore is a member selected from the
group consisting of YOYO-1, TOTO-1, ethidium bromide, ethidium

homodimer-1, ethidium homodimer-2 and acridine.
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provi di ng an accel erator agent; 10 addi ng said probe, said target sequence
and said accelerator agent to a nediumto provide a test sanple containing
a tripl exwoenpdawzl conpri sing said probe bound to said tarPgeiBexaERNCe,
wherein all base triplets of said conplex are menbers selected fromthe

group consisting ;1o 9f +A: A T, AU AU U A U_G.C G and
CGC irradiati r?g sal déi%is:?"?;%ggehrﬁ% excr te;ért]:g rgaﬁaﬁ%‘ﬁeqtold%a&& fhe

test sarpfeettol@minethedresmenisingli ati on; detecting an intensity of said
fluorescent radiati 0 i 1 d i Lty is-correlated with, a,
feiaes 2 tg@?%Ep?%%Belig é@}&ﬂ%é a?ldg%e%gqﬁgﬁée?r apgleic

binding affinity between sa and sai
determ ning from 3¢l i anedeopgtyg arcnmutieninofa mibekieng sdpioveen, Ssahdrpinbe

angd said target s I er. al.ternativel hrased rel ated
aspect, the net hog co%ﬁi%%:&p(ﬁ%\% i r?é)%é:atlélrsgeatt %sg:i ClgcPHFbPEnbRPSI ¢
aci d anal ogue havind at tbeget oeeusncenidier dassai d target sequence
contains at | : pur | a a at _least one 30 pyrimdine base;
provi ding a ozouaiJéc?%??a%dggglﬁrgo%g’mgggrﬁﬁlgi 7y nélcﬁlf Ceiacc%%i%ﬁq%eéﬁfen@é ¥r a
nucl ei ¢ aci d anal cyskeie et d pnlad rgpqudryds i di zati on accel erat or agent;

addi ng said prohe, ' nd said hybridization 35 accel erator agent
to a medium 3{) pro%ffgéedaaﬁgé‘g‘teélsgrﬁ%lﬁ%ra% ez“thxo 02/ 103051 PCT/ | B02/ 01972

cdft ai ni ng a adigen-s@rdic priobiep| eaidorqrdst nge@att@rohe sabduadcs Desat r
cause tost sampi o 1950 v FUBPALRLTRS SET B Fore Sefbi eerily SPrRtaRIPLy
of said fluorescert tadhbtx orompldrer@npstd thd né&€h&i pyobs bounel abedanfith a
binding - affinity belyeen sg,d,RLobe, a0 sai d, {argel, Seavence, ;g
complex are members selected from the group consisting
15 of A-T-A, T-A-T, U-A-T, T-A-U, A-U-A, U-A-U, G-C-G and
C-G-C;
irradiating said test sample with exciting radiation to
cause the test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
20 wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
and
determining from said intensity an extent of matching
between said probe and said target sequence.
25 In another alternatively phrased related aspect, the method
comprises:
providing a target nucleic acid or nucleic acid analcgue
having a target sequence, wherein said target sequence
contains at least one purine base and at least one
30 pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog sequence;
providing a hybridization accelerator agent;
adding said probe, said target and said hybridization

35 accelerator agent to a medium to provide a test sample
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determining fromsaid intensity an extent of matching 10 between said
probe and said target sequence wherein said nethod is a honbgeneous assay
conduct edwaiothees1 provi di ng a signal quenchi ng agent on ®ardBexrget
sequence or on said probe; (C Mthods of detecting quadruplexes 15 The

met hods of detecti s descri pe rall in,the Sumr of
the I nvention sect?(g%, %gﬁg%lg:w(%ﬁo?ly%cl?cp‘é??%?%%f%&?%%%?%osraét ﬁaoﬁﬁe or
more of the fol | oWdignd nto said petrped: seauenycag out the method as a
honbgenous assay,ys hat . 42 [ Lpriar to st 3)_huclejc acid
mol ecul es that are élntéc)ithé p%%ﬁdo?c%#e %%éngrl&pl%%}ér SX%EEB ac %Ajjr%tjaor\l/eggel

or container sepafatze fronttdmnpteontai enby fheorpadentyl exdibbtonethod is a
hogogeneous u d .t t. . praviding a_.signal quenchi ent on
sai d target g%ﬁée{%ﬁe r‘%ﬁ %%gélﬁd:%r (%0% G2 .,fﬁﬁl T§E8E Vﬁ?ggﬁ%g?flck
dupl ex) and/or wi tweereiri spiderdatueratiton bé sardellacgédt wadueacdiandhgr

w t hout PCR anplifi j sajd target_ sequence; usi t he detection

net hod to discri m%%f@%’%?mgée%w%é%e??%%tprggge‘?lrﬁ(gi Ff’lﬁé- E%F@?gnﬁﬁgﬁ?nﬁe;
one-base m smatch £mt del etion), and 30 a 2-base mi smatch (or deletion),
bet ween the fi . Sec WAt son- Cr.i ck_dupl exes (preferably b ,
calibrating t(?]éetséﬁ%i Eodx§ i émhxdomrmlsgé e%rlgSH‘Bﬁp‘Xi ny* kr%ﬁ/ﬁ?qﬁ sr?sﬁ/cﬁl\égf,hlf}gi ng
t hé extent of bi ndielgredn asnidtercad adod @sidntardet ceddaaneé the formation
of the quadr ex_{especy al | . -18 WD 02/103051 PCT/1B02/ 01972, using a
f1 uor escent %%$%% a%c}r Slr?&%ﬁéyﬁﬁ P ?%%%?be??%&s@?é’e&?@d%fgegnwmgout

i ndi cat @yovidieng rd evicaladlt iqugprfdhicipphere ich added theglie seegdicndel Braonf or m
free of ssagllcg @Ir_&g)ee_ and free of said target sequence; 5 the intercal ating

fl uorophore i's a nenber selected fromthe group consisting of YOYO 1,

TOTO 1, €&2hilk timpdies anfi dibe t et 16h; iia don®Uew@E - i, et hi di um honodi ner-2 and

acridine; a vel engt h, at ich said intercal ati ng fl.uorophore fluoresces
sf(%:éfts to a \Q@%%HEF R t%eE%%El?ﬂt%rg’éﬁafPB%,ega aE2628B24 generally

in the Summary of the Invention section, can optionally be

performed by incorporating one or more of the following into the
method:
‘ carrying out the method as a homogenous assay, such that
20 during or prior to step (3) nucleic acid molecules that are not
part of the quadruplex are not placed in a vessel or container
separate from that containing the gquadruplex;
the method is a homogeneous assay conducted without
providing a signal guenching agent on said target sequence or on
25 said probe (i.e., the second Watson-Crick duplex) and/or without
prior denaturation of said target sequence and/or without PCR
amplification of said target sequence;
using the detection method to discriminate between a perfect
base-pairing-rules match, a one-base mismatch (or deletion), and
30 a 2-base mismatch (or deletion), between the first and second
Watson-Crick duplexes (preferably by calibrating the method with
molecules comprising known mismatches) ;
using the extent of binding of an intercalator as an

indication of the formation of the quadruplex (especially by
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10 difference between said wavel ength and said second wavel ength indicating
whet her a' conpl ex between said probe and said target is a duplex or a
triplex awoorhetoher said target is DNA or RNA; the probePc3/iBavabent |y

| abel ed with a non-intercalating fluorophore and said intensity is

i nver sehis (GQf LekaledeWckhsaihd o ! gLeLn

sai d non- |§g{arca | ati r?g 1?‘ uoro% %%%Q#sga&rg}de%%rn@s&% ?%gggrg#n %llﬁ\e,\@ ¥o ﬁ
consi st ity %% lrbirlcﬁarﬁpr)rhodam ne and fluorescein); using a

f1 uorophor e-l.ahel £9- Si- l ¢ f ar.t Jhe second

Vit son- Ori ck _dupl'ex; 20 t ﬂgg]fgglﬁ%% ggm%r fisgstaug S Vitgt et @

bi ndi ng foams ifrasy; of reea it cm@hmsarai parae abf ysaidrigecar sﬁmlm‘rcgﬁﬂ backbone

the probe comgyd S re ara
synt hesis; 25 the%&rearbe antcsiL ai %[%l%fg&il{ sequencgleénpg E Eﬁ@'ﬁ“h ethe
probe i UL %@ﬁm¢EM| dés YOyP- basé?oﬂ@-rls) étcmgilunhdoromlde ethidium

fl uoresgppeerExeitd n t Jam . an,argon ion |laser at a
wavel ength from abou%%ﬁjﬁ}&h?{&% %{ig]{w% acjfjhderfe'st sanpl e has a

vol unme of abaut Weﬁmgﬂhta‘s 3thtont amudlg abbetcé;ﬂatfam@orrﬁl@sr@@hbaéget
sequenc%lq{}g_,%t%%g I f pr ol concentration of the target
sequence i n sali Ett,|§2£8ggt %%%edt han e‘ge)? L 1M Jtlﬁ_\’e ST GheEm At i dn of
t he pro@éﬂﬁenehe:e;ahptwees watl dmovaeve Bnd ttanahdx shAdl Gddondl dwae: 024308051

PCT/ 1.B0O2/ 7 fi d d. d nd d
third stran ou]?tS & r£|) 1k gt ra%%?a?T%liaér%%%g% r%ﬁ Ea%gegglch
21 (4L a2t i Hdeq%ﬁg

of said ifg rastdhsﬂr@ndqr smluj::sgdcmnchmi W&f&thesmishitmltraicﬁtr aingd mamd sairNA ourth
strand are n%t no robe than 5 J;/‘%‘%?J;e nmet, hod |s conduct ed

n_a
bi ochi p. In an al¥efnativel 3? ala¥pslt 2 (P HEH ajg%%]??ses:
provi di g wrcigete rucd aaaohamde@rsmtychel dnarelrdeayabeguelated with said

15 binding affinity (especially wherein said non-intercalating

fluorophore is a member selected from the group consisting of
biotin, rhodamine and fluorescein) ;
using a fluorophore-labeled single stranded molecule for
part of the second Watson-Crick duplex;
20 the method further comprises quantifying the binding
affinity;
the probe has a partially charged or uncharged backbone;
the probe comprises a PNA sequence and/or is ssPNA prepared
by parallel synthesis;
25 the probe and said target sequence are the same length;
the probe is 5 to 30 nucleotides (or base pairs) long;
the fluorescence-exciting radiation is emitted from an argon
ion laser at a wavelength from about 200 nm to about 1000 nm;
the test sample has a volume of about 20 microliters
30 containing about 10 femtomoles of target sequence and about 10
femtomoles of probe;
the concentration of the target sequence in said sample is
not more than 5 x 107 M;
the concentration of the probe in the sample is not more
35 than 5 x 107 M;
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10 having a target sequence, wherein said target sequence contains at

| east one purine base and at -|east one pyrimdine base; providing a

doubl e- stwandaaopr obe conprising a nucleic acid sequencePor/IBO2IGT2i ¢ aci d
anal og sequence; 15 providing a hybridization accel erator agent; adding
sai d probe, sai J yvhri di ipn,_.accel erator _agent to_a

medi umto pr o%i]!(;:Iiaeﬁj:’aicg '%g%t%gdmsﬁe&%o%ﬂfg{rﬂz%édg S\ﬁ&?ﬁ@ﬁc %cft@?ggr EBI ag+d
conpri si Wyl 8Ai errandbendosmidt bosatd saraged secmiemce; 1@01jrradi ating said
test sanple w EXCE-4 adi-ation to- cause_.test s le, to emt

f 1 uor escent \r,\%t%‘?batl on%&ﬂgré% egki nég?dgln Pht %arl\:é'lgt ;lgiss:sa%r}pafrﬁ!or%%%gen?econd
radi at i oBtraw@dr ebaidatbiicdt evisiand i and osaed afedraht Btardriddirg nef findiey
between s@i.d probe,-and, said target sequence; 25 and determining fromsaid
intensity an extent of ‘matching between said probe and said target
sequence wher@die rezihbdret dodonduat ddnmagendaisclagsay conduct ed wi t hout

provi ding a sfgn q .agent on said ta t .sequence or__on 30 said
probe. (p) Thielgt ?‘#“m%ggép#%gl%’rg?& eégudaessec iE&f&%&F?er%?%c?n (e S‘ﬂﬁﬁﬁ?g of
the | nvepmpoissection, can optionally have one or nore of the follow ng
features: -2 0 3051 _PCT/ 1 B02/01972_ each _strand .is heteropolyneric
with a GC c%&%%ﬁvﬁe#ax b AR50 JGER SFr AMFiE het Gt p%ﬁ?/%??‘é
wilfh a G C cont enthdseingen tabi9étantQRYMcegn ket e saode thRge€ 0gbinetdce
frequencies therein of .5 putine-pyrindine diners and rimdine-purine

di ners exceeds 25%}3& 5 ﬁ%t r]Il'er‘fPE)’a/F cB1F PHAGRoP3SF aa]g%{r §5);15aSh sOB%abl e
at pH greater thampyxrinidite |llessethan pH 9); it is in a nmediumat a pH

greater than gfoexri(ci"i.nrgg o EE\foewilrbalbel —yst:t::l'aoncieeéiS %rto%%n c%lr;llp%)i;s ing a nucleic acid

seqguence or a nucleic acid analog sequence;

15 providing a hybridization accelerator agent;
adding said probe, said target and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick quadruplex comprising said
probe bound to said target sequence;
20 irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
25 and
determining from said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sgequence or on
30 gaid probe. ‘
(D) The triplexes

The triplex described generally in the Summary of the
Invention section, can optionally have one or more of the

following features:
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t he single-stranded nucleic acid or nucleic acid analog is 5 to 30 bases
| ong and t he doubl e-stranded nucleic acid target is 8 to 3.3 X 109 base

pai rs | oryp okhesosar get sequence is heteropol yneric and comCailpe/@%%to 15
75% purine bases and 75% to 25% pyri m di ne bases in any order (preferably

byt | i i nes pur  ne il vor 8 yechas ab PPREL D, BTER Ph 8, heferhE EEC e e
mol ecul e§5% sa@Bvabently bound to a doubl e-stranded nucleic acid cleavi Eg
agent; 20 the el val.e 0.8 ch t hergpeutic agent; the
pr obeI | ﬁ]gé:ggval gﬁy%ﬁ@%ﬁﬁ%éﬁ%ﬁ 8?%8%;%2:9%?%2 af"iuazgpiaﬁgiegﬁ%@eez

si gnal i il e30% a grmcre dhem imesic €rtqgal ie erein o

el ctrocgh%pj n g __or | a_preferred enbodi nent, a

flgor ophor e,ﬁég%g%?gfﬁ%ngu?%ﬁeﬁ%t %ﬁ% ?ﬁﬁpﬂ‘é?@?égﬁflpﬁt Eﬂ%l&s ofXEREds
conpl ex 4%%correlated with a binding affinity between the probe and the

target sequenge) .t base paif{{ng rules for the, single-stranded nucleic
acid nol eculgga%se,lqg% J?[zg%rgsi%ngarsl rARd Bt ?h\éllb‘fﬁ} ex, the Watson- Crick

base- pai ri ng $ul &8, siGiglant el hgredted thar-1, 6 afishit ase 39 tlegarss ¢ he

ot her strand e. dupl r -A and either T-T or : the dupl ex
subst anti al | y%% e%%i #s? ?tﬁéﬁ?ﬁo‘% G iRk 95uBreT HetTcat é}skj?ﬁétﬁ?%ggﬁﬁ]ﬁlli’he
siLAgl e- skesddelamop®cl e resides in a groove of the double helix; -21 WD

02/ 103051 PCT/, BO 72_the accel erator agent forns_a, bond, hetween part of
the duplex aénl{ﬁgp%ég&%—?%%a%ﬁ% I%g%f?éﬁd% AT eticheid Abiecarelogt he

accel er & dro ayenbasss chvad emhd yrhé nkédubDet Bershdgh enust & andgdi Augh ket aci d
nol ecul e; str f the Watsqn-Crick duplex are DNA (especially
where all® g% P’%%Q%-%ff?ﬂ% ?)Iaisﬁ é’)?lirseqﬁ%" the accel erator reagent binds to

a base in thechWatsang€k i sdquekup eks Batdrbpskyherg oNe t6nvhisd asbasg in
Sagent b B Fb G BASES A"Ehd at'SonZeFi BYEIGUBLER, heRts bAse bt obEFRg
one in theréefepdleky wherein the frequency of purine-pyrimidine dimers
plus the frequency of pyrimidine-purine dimers exceeds 25%);
the probe (i.e, the single-stranded molecule) is covalently
bound to a double-stranded nucleic acid cleaving agent;
20 the probe is covalently bound to a chemotherapeutic agent;
the probe is covalently bound to a label (for example, a
multi-molecule signaling complex, a redox pair, a
chemiluminescent agent, an electrochemiluminescent agent, or in
a preferred embodiment, a fluorophore, especially such that the
25 fluorescent intensity of the complex is correlated with a binding
affinity between the probe and the target sequence) ;
the base pairing rules for the single-stranded nucleic acid
molecule are, as regards one strand of the duplex, the Watson-
Crick base-pairing rules, G-C and either A- T or A-U, and, as
30 regards the other strand of the duplex are A-A and either T-T or
Uu-U;
the duplex substantially retains its Watson-Crick double
helical structure, and the single-stranded molecule resides in a

groove of the double helix;
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the accel erator agent binds to the phosphate backbone of the Watson-Crick
dupl ex; the accelerator agent binds to nore than one site on the 15

Wat son- Crwolozdopsex, each site either on a base or a pl acecanBee/oiprosphat e
backbone of said duplex; the accelerator agent binds to one site on the

Wat son- Cri ck upl X | e, elt.he a_base or. on a phosphate backbone
of said_duplex; 20 tcr%aéa%lc%%raaf%éé]aég%@sbian sori“% geg‘é{gggi Rt e ot "ERE
Wat son- CRRlex dpl ex@rindof otlae babregler % tearsied | mact ¢ andeck dusd s eulae] d

nol ecul e; th c e LN t ba in.the single-stranded
nucl ei ¢ aci decrm e%%?%gégét?%) Q%ﬁgtddﬁ%drc g)ﬁ)’% %?@%ﬁ'?’hgl@?{aedf db‘?e@‘%eﬁé??ﬁﬁa
gener al ISFHandetk Burdmiy afid eoldawlent i on section, can optionally have one
or =nore of t i t.ures: each,_of .said.four st ds is |
heter opol yrre:}l;.%t}\t/\ngt%o%ﬂ(géﬁ léc@%ftgﬁp_%gtl\fge uf&@oxaﬁﬁ%é% ?‘Fl%pg‘éi:%%yand
fourth sthesmildr ettaniedf ntlee pariglet e mn)5; direction and binding
bet ween t hos i ordi .t o _honol ogous base-paj.ring rules; -22
WO 02/ 103051%%‘%%%%%9%9t eeagrﬁl}r%gtblé“%cf %ﬁ% rad%waaastageﬁa‘w et inka
paral | eldwWlext 8aidi rlegse obedmg imwli ng betistenat hese 2iat rardssisgle-
accor di ou se-pajri rul es: the second and fourth strands
'ElgfhdéHWHﬂ. 5V§|£%?5§@51?94¥£cﬁﬁﬁa

are aligned 1n a para i on and bi ndi ng between said
séfond and f dure lccs raaradsor scemezortdibigdiso thoaobageusnbare- pat EbAgCF Ukes

and fur rpre, t.he first and third stran are aligned in a parallel 5
to 3 di%@lelqg’nesaanl Ml n%&bg?% U T tal?fcpjteg?f;rd strands is
accor di ng t o timnohogelisrbase- pakenicndimdsest o 16hthehseeond canth Jiaistd of
strands grealigned. in aacﬁ)ar |llel 3" to 5" direction and binding between
those 2 Bt ARdETE HocHt %o watson-Crick base-pairing rules; the first
and third straritds acechérgboed agent pBLaikekboSmdr®@ than one site on the

15 Watson-Crick duplex, each site either on a base or a place on a

phosphate backbone of said duplex;

the accelerator agent binds to one site on the Watson-Crick
duplex, said site either on a base or on a phosphate backbone of
said duplex;

20 the accelerator agent binds to a base in the Watson-Crick
duplex and to a base in the single-stranded nucleic acid
molecule;

the accelerator agent binds to a base in the gingle-stranded
nucleic acid molecule.

25 (E) The Quadruplexes

The gquadruplex described generally in the Summary of the
Invention section, can optionally have one or more of the
following features:
each of said four strands 1is heteropolymeric with a G-C
30 content between 10% and 90%;
the second and fourth strands are aligned in a parallel 3!
to 5' direction and binding between those 2 strands is according

to homologous base-pairing rules;
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3" direction and bindi ng between those 2 strands is according to 15

Wat son-Crick base-pairing rules; the second and fourth strands are aligned
in a parawbak/1®os1to 5 direction and bindi ng between sai #CsaBaidIznd
fourth strands is according to Watson-Crick base-pairing rules and

furthernore thge firsde andy tih ]aégQ? I li i.n a parallel 20 5 to
3' direction and bindin b.e%\/\{/e%%sst’s%l Si%étfe %&&%ﬁ ¢ St PR%ES e éccgpdi ng
to Wat sof- Gliekchie-grd rhinfing deetwdmn fihcste @ndthourdsh ist mavdsdang to

al i gned honaibdsparnaddel 5 ' d 3 to 5 directions, respectively,
and bi ndi ng be (\D/veen tﬁep%lg%%lgn%%l?%’ according to Watson-Cri ck
base- pai ri ng ¥ esecondt fedséovnthaatirehds daser ahdlgnadeial agpedalbel 3

anti - parghl & 3314 - A - di tions, respectively ng bi ndi ng
bet ween t hose Zlgt(?%%a% ir}%lcgcgg?lggﬁa t%éﬁ@%%ﬁonﬁa;%cksﬁﬁgggpaaﬂcfn OPEPE’S;
t he firsttameds ours h stqariinar el ilgmed ogovant beaperalaieling rtned' and 3'

to 5 difgethOf L eSReG %t : irclgn (getween 30 said first d
fourth strands Is ag:corglﬁ:g é“’\?@tgg%%fi #E%n 2 QATIHES dreg Bﬁﬁaﬁel
furt her "ot etohe 'sedbndchndnt Findl bindndg detwealn gaetdi Miarti -gad athekd3'
to 5 an dé do 35 i jons, ctivel and_bi ndi n getyveen sai d
second and thiTd st ra%%g&illgg %%c%c?@# fn%g?%s \}é?ss%rpa@ﬁﬂig b]gg EPairing rul es;
-28 WO 02/ 10305 ssondBoid18Ferthhetfandd ane dbighddsthandpaastlali gmed
in anti-parallel %ht.t 3 d 3:.t0.5 directions, respectively, ang,
bi ndi ng 1Eet ween - 1 ols(%l n’saflr%éﬁl K09 Bebeseg (tslots(? ﬁoﬁ%ﬁ?&gﬁs lﬁa%‘égﬁﬁ g
rul es; theWsesondCainck t hase spabniisg ar@led i gned in anti-parallel 3' 5 to
5' and 5' to 3 ?.r tions, .respectively, and.hi nding between tEosg 2
strands is ac%?)er |1ng§ft 3 c?)rﬁ)}florg LF’(S;C%EA(%S paiT P}ergﬁ?ldeg,n 3 RETALLEL andte
fourth s?r ahtsedrieraldmhdd idiantbietparaal teélos® 2t @tPandrd i3’ ateokding to
digecti respect.i vel and_bi ndi between said first and fourth
s?randsOiﬁazt%%%orrdjicn}bvl?%g%b?ﬁﬂlajg%sngg%%ﬂ 10 pairing rules and furthernore
t he second anthd heabrsd randlstauethl sgnends naaat 4t pgnabl eh 3' pheadleand: 5’
to 3' directi,on respectively, and binding between said second and third
st rands t?stsécc%jr]a?(ﬁ‘@l‘g% rﬁﬂ’fﬁl ﬁ@&?lﬁasé?%m%fhg%& sSeedt iaﬁ’tderg‘a’tl?fﬁb
base of s$tweasdd diki ratcstdang ity ewaekdn-Crick base-pairing rules and
furthermore the first and third strands are aligned in a parallel

20 5' to 3' direction and binding between said first and third

strands is according to Watson-Crick base-pairing rules;
the first and fourth strands are aligned in anti-parallel 5°'
to 3' and 3' to 5' directions, respectively, and binding between
the 2 strands is according to Watson-Crick base-pairing rules;

25 the second and third strands are aligned in anti-parallel 3'
to 5' and 5' to 3' directions, respectively, and binding between
those 2 strands is according to Watson-Crick base-pairing rules;

the first and fourth strands are aligned in anti-parallel 5'
to 3" and 3' to 5' directions, respectively, and binding between

30 said first and fourth strands is according to Watson-Crick base-
pairing rules and furthermore the second and third strands are
aligned in anti-parallel 3' to 5' and 5' to 3' directions,

respectively, and binding between said second and third strands

is according to Watson-Crick base-pairing rules;
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15 specifically with both the adjacent base on the said third strand and
with the base on the said fourth strand, the base to which the said third
strand bawe oegodsund; each interacting base of the said secensoxtipznd

interacts specifically with both the adjacent base on the said fourth 20

strand and t i.d..thi rand, the base to,which h id
fourth st rangﬁﬁgg%%%gg%ﬁg?ﬁ%ghi gt%%nlaéo %%ea&l SUT ﬁ%&}"‘%ﬁ?f”ﬁ&ﬁ&ﬁ g?
synt het i%® Fuandp@ exco édcisecindnss hetpeadiveisr,i endi bhndiBGgCheontent

bet 0 %) . i t | i ith, G t ent
bet ween 0% anc SOVITn Fir T T T oS RS H BT A e e (Fel R of
purine-pyri mi the s atioret sndnthpydi at:ifar_lés pare reel idimet 4 rexneddpar2d%e130 1t
compri sae @ hetst oooltmer SLragbiey. L e R AEsr L] YRaTer oB01 DEREEInAEr B enaci d

conprises a heteropolynéric nucleic
anal oguethase R ssii thisds arl dawepiindentd yhaooisdees M afa RNAg ri2de 0

02/ 103051 PCT, / 019 ach, said _strand i ndependently conpris .
het er opol yner‘é%éa%{cﬁosétl (Z?L%gcﬁaugﬁgll %glrﬁngﬁn?]é? rﬁdjﬁggrherﬁie&ﬁ’c\éEnggaEPigﬁit Pally
char ged tfackbemsl Jdnecof 'sdiidesedond , streapecarnvediyd hadr bingihgnBee@Ephi S€S
5 DNA ang, t he r_of i.d_second strand or sajd fourth strand conprises
RNA, m%lcgnﬁﬁﬁggrﬁﬁﬂ, %?W OF%(? S tife EEHHE IR %%?‘dsflagg?h
stPand @r=iparal teles handl Hgptibetrmoeachhet heicoral MBiDrcgedVer pingai drbi r st
strand . i d second stran 0 iL,s placed in m nor groove of said third
strand ga%ilil%cg fourth lslﬁraagld]:e]][ hé seE%n%’ st 787d “andtQai’d fgﬁF?ﬁtéPP%nd
are par afdspectcionpl enentdrtyi ndi eadbe Oider ; s@i AbgetoRs 0aNe ohisai gt Fhh8k
strand a&rgd ascaci:éj (fecoq% sira d 151:i>3 é)l aced. in a mnor groove of said third
strand and AT Aol 17 uRgyus Lase-pairing rules;

each interacting base of the said first strand interacts

15 specifically with both the adjacent base on the said third strand
and with the base on the said fourth strand, the base to which
the said third strand base is bound;

each interacting base of the said second strand interacts
specifically with both the adjacent base on the said fourth

20 strand and the base on the said third strand, the base to which
the said fourth strand base is bound;

it is an isolated, purified, artificial or synthetic
quadruplex;
each strand is heteropolymeric with a G-C content between
25 25% and 75%;
each strand is heteropolymeric with a G-C content between
10% and 90%, and furthermore the combined frequencies therein of
purine-pyrimidine dimers and pyrimidine-purine dimers exceeds
25%;
30 it is not in a cell (and not in a wvirus);
each said strand independently comprises a heteropolymeric
nucleic acid or a heteropolymeric nucleic acid analogue;

each said strand independently comprises DNA or RNA;
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each nucl eobase binds to no nore than two ot her nucl eobases; no strand is
contiguous with another strand; the nultiplex structure is substantially
free of Hyogstiemm 20 bonding; the multiplex structure isPsEhiBO2NDI2al |y
free of GG quartets; the first strand and said second strand are 5 to 50

base pairs long, 29i4h L 5d. aj rth strapd are. genom c
DNA; the third strand %;,]I&Q]!égl %iﬁ?%ﬁ%g%&g?lrzn%g‘flégﬁﬁég 3 hsg%i’%%gm?‘ﬁlc
genoni ¢ TBMAethe atid d aser@ggieandofbai hhngt ramd wrchRCR&MplH fpedtially
product ssh 34 Mes gl sal d nmultiplex structure is free of solid support;

t he rrultip%%( structuc?rgéis bound to a solid support (where the solid
support is eiQirerogl geidi sekcbpdcendacti ve graiid hotrtlkel strandatbyprises
cogduct i s aderain i ture further conprises a 35

t her apeu]%i\l%&c,apr o% %I ggt?l%c;x%f d?%g%oé%{:%ﬁ%ggﬁfagguﬁd: t%aqu) #%%@_th §§§a%

02/ 103057°MRC T/ 9<B) HNALO 7R e iR deHNA SttRNA amd, cmdh d second strand, said

third strand d i o] tr ; wWherekn t first strand and i
second st ran(}:kgegle sé%?cqgl% g%%ggg bagrg(gs Slat%%g gﬂarggi S ?ﬁfrean]aaléﬁ{sj?ﬁgi d
fourth sieemidgoes % esath StleBd; 3 X 109 base pairs |long; wherein the

fourth sequence co ' 5% Lo 75% purine bases and 75%to 25% pyri m. di ne
bases in any%o?ncfi;g% gé]g?%r%b?é ¥ %G{eiP%rStf HE 778 u%ﬂ@ysﬁ p%???fé(-{p€¥¥ﬁ?‘ai ne
diifers plupldred rdegquencynaf gropviarodi sBeiguthiedderetsdesadedsidasodpurdn t he
first a@tlsaei%)_nd Wat son- Cri ck dupl exes (see the nethod of nmaking a
quadrupleX 1Th the Summary of the Invention section) each have a GC
content bet wegre 3@eanthd7 0% rbatth sid ardd dof fotiethi rstraMd sereCrpakatupl ex

are DNA peci al | ere all strands of the quadruplex are DNA); 15 the
accel er a?cgﬁfpsle%enac?y}ﬁw%seﬁ% aO%é

reagen e in the first Watson- Crick dupl ex, said
base bei ng ore nagj athigltoavdast said heisecofithand and said second strand
15 is placed in a minor groove of said third strand and said fourth
strand;

each nucleobase binds to no more than two other nucleobases;
no strand is contiguous with another strand;
the multiplex structure is substantially free of Hoogsteen
20 bonding;
the multiplex structure is substantially free of G-G
quartets;
the first strand and said second strand are 5 to 50 base
pairs long;
25 the third strand and said fourth strand are genomic DNA;
the third strand and said fourth strand include a haplotype
in genomic DNA;
the third strand and fourth strand are PCR amplified
products;
30 wherein said multiplex structure is free of solid support;
the multiplex structure is bound to a solid support (where
the solid support is either electrically conductive or is not
electrically conductive);
wherein the multiplex structure further comprises a

35 - therapeutic, prophylactic or diagnostic agent bound to at least
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dupl ex binds; the accelerator reagent binds to a base in the first or
second Watson-Crick dupl exes, said base not being part of the 20

qguadr upl ewp othesoaccel erat or reagent binds to a phosphate pathbeaInf the
first or second Watson-Crick dupl ex; the accel erator reagent binds to nore

Lhan oneosttge0py paec ol {Be-Lha st 501 4°8500d, VAL s0n, O Lek adpgl exes. g

h
site either on ase or on a égent
bi nds toa%@eS%i@ef@mriﬂheSMB@n Crl ck duplex, said si te elther on a base

or on a phospfat h I t gent _bi.nds_to.a_base_i
first Watson Crl c dﬁ@g@%rﬁét%tggﬁgsgngn 8 %88?1‘8 ﬁ\gfgi}ﬁl ﬁ?c?aﬁﬁ %
30 the aeedermams ég@ﬂ;t abdndaldothhednstlmn@ramﬂ/esaﬁd thomfdr sltraauddéﬁe

segond Vit song ccelerator agent forms a bond between part
of the fi rsliB %%g%héjé?l ?i &urp% e% nd parnt ‘of the second Watson-Crick

dupl ex. -26 Wir02i10365TRECEH B@Zzﬁi&h@:&coﬂddmsoma% tas e puefinkhBases

i nventio 4 nvenfd.on r.ovi ges | ex _co Iex ri_sing.a ,

si ngl e- s%}rl%_rt}?edr%ro undmtc'gl (ij el§7t ra dgﬁ ﬁﬁfcl g?@fgaaﬁlyt yhgeein
wher ei n tie ﬁr@@@emmymmfSﬁﬁrﬁn@ep?fﬂmﬂﬁyﬁgrde@ﬂﬁ'Qlﬁs5tﬁél@r@ﬁuéncy of
het er opal rrerl(ﬁjenucl eic acid anal %%ce% d all base triplets of the conplex

are nmenbef s BT ET FH Y m THES Y fststihg of AT-A T-AT, UAT,

Tid-U, A-U A the Afiirs’tﬁ}ﬁa@ @@@lon@- Wa Csobnbikek c@hbabRe 500gsteeRet MbPheyes
di scl osed_b the prior t he tr|$I exes of the invention are stable

at pH val tefekyreat equ"[’%‘r’]p ’6 1RpFRBVEPTMRRE PRVERE] @EV?PFE)P@x@@CHbOHbt

requi re ¢aeh phgsences-af aombyt | B elden seguaneeso®y honmopurine sequences,
as in certai rior art triplexes. For exanple, the target sequence_can
contain 25% n%gﬂe% PGS balestBd A9 o WaE80B56FAGK nﬁ?‘éﬁ’%%x b€ PNAany

or der. Pl’@élﬁé@bél/l? hehst OB BT S& ¢ 2@ BEICLR: Cddd SueTeUgt&isAci d  anal og
the tri pI %h%ag: to 30 bases | ong and the doubl'e-stranded nucl ei ¢ acid

té?get is ce ﬁ@atﬁtﬂsgeﬁé}er%t binds to a base in the first Watson-

Crlck duplex, said base being one to which a base in the second
duplex binds;
the accelerator reagent binds to a base in the first or
second Watson-Crick duplexes, said base not being part of the
20 quadruplex; '
the accelerator reagent binds to a phosphate backbone of
the first or second Watson-Crick duplex;
the accelerator reagent binds to more than one site on one
of the first or second Watson-Crick duplexes, each site either on
25 a base or on a phosphate backbone;
the accelerator agent binds to one site on the Watson-Crick
duplex, said site either on a base or on a phosphate backbone;
the accelerator agent binds to a base in the first Watson-
Crick duplex and to a base on the second Watson-Crick duplex;
30 the accelerator agent binds to the minor groove of the first
and/or second Watson-Crick duplex;
the accelerator agent forms a bond between part of the first

Watson-Crick duplex and part of the second Watson-Crick duplex.
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l ong. 20 Triplex formation according to the invention is suitable for a
variety of uses. For exanple, probes covalently bound to a double-stranded
nucl ei c awbDd2@0WaVi ng agent can be used to specifically eceaBe/darget
sequences of doubl e-stranded nucleic acids. Probes covalently bound to a
chenot heygpgutd, £ A3et &30 25 Hg Lisfgpeg & Specifically treat target
sequences of double-stranded Jcre crds. In preferred enbodi nents, the
i nvention pr GAhslesinyardpian psf@NsdtaE\/etremmllep@nnempébkysf rcem]dryslagd safe
msthodfr n b n douhl trnedtr

si ngl e- SS?Lr ande?%l(r)%dé% Skﬁergﬁqﬁtahe&% a% gf)%gg I’%I ges agnuc el c ac‘ls“fild
sequencetamgei:: n‘uh@@e&na(tm mhﬁg sewcensesalad hétempdﬂqnmmrlmslmc
nugl ei c d.seque c nce. Unllk certain
pr?or arc—;ltc'ala%\ssgﬁs‘/‘squJ ﬁg@e%\z;gg%% %t Ig%lde aé(;e? qh Sesdhde %%?fi c
pr obe- t &jarlasisndpfig, tftmt caﬂngbeX35rm omeniberquwalia;ttlede fnoim g 2t iq;ﬁcbmil}_ve

i nf or matd / 0 /1.B02/,0197 e _of

i nt eract é%% We%n a pro %V\?a(r][g &%Tﬁ%sfcahe QJZ ﬁ % Hn {%aél"g’s apfle
practlth‘oﬁb*rCto di stingui sh am)ng a perfect match, a one base pair

m smatch, a t a .three bas pai.r a_one base
pair del eti orp%)’L qge\?\o %%%éel% 3377 Het Bt Fgﬁipgﬁﬁfeﬁ &Oﬁgéie%g'al “YePettdn
atPsi ng ehet weehea trbade&mqwﬁcdahen irveepr obe apd |srtaa>l$at randpef +Htues
doubl e- d g Embqdi_nent s of _ihe .invent.ion co ise calibrati ng
the ne ue%enccf%'&sjl g%g e./t & otfc?roé’s?gentt%lﬁtéﬁ%letrg})lvfeort’éfﬁ%‘?s ?J(?o

t arget meduwine agae npreshncsaaé hypepytrisiigiale edydsriced hyromdsr%p@fm@s

From t ne T BT 0B b areeiel e bate: HoCRl TEPRT | B LFYRabey bt
gener at etcda,rgmerﬁquérttee negni tomieainf 268e treasyr ethriingnadadess gnd f13®rescent
|%en3|?s/5) IS am gé:tlon of the binding affinity between the target and
pf dbe T H b 3554 Y 158t She target and a plurality of
di fferent pr Gbmﬁembjgs tket mtnlg&enwﬁmmd@‘d mrmtl@hedlbasesw&h@lc natud e of
the m smat clfgges) éA-tC% tr:Lp e}% ISG LS ’BOet %a?ées long and the
double-stranded nucleic acid target is 8 to 3.3 X 10° base pairs
long.
20 Triplex formation according to the invention is suitable for
a variety of uses. For example, probes covalently bound to a
double-stranded nucleic acid cleaving agent can be used to
specifically cleave target sequences of double-stranded nucleic
acids. Probes covalently bound to a chemotherapeutic agent can
25 be used to specifically treat target sequences of double-stranded
nucleic acids.

In preferred embodiments, the invention provides a rapid,
sensitive, environmentally friendly, and safe method for assaying
binding between a double-stranded target and a single-stranded

30 probe, wherein the target comprises a nucleic acid sequence or a
nucleic acid analog sequence and the probe comprises a nucleic
acid sequence or a nucleic acid analog sequence.

Unlike certain prior art assays, the invention not only
detects the presence of specific probe-target binding, but also

35 provides qualitative and quantitative information regarding the
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the location of the msmatch(es) within the triplex, etc., the 20 assay of
the invention can be used to sequence the target. In enbodinents, the

si gnal neweuweawosan be the fluorescent intensity of a fl eorapémrer2 ncl uded
in the test sanple. In such enbodinents, the binding affinity between the

b |
pr obe ar&qaﬁ@gf@ebf q%éﬁc@lccﬁgtégtﬁé llln%(e[[?or O Cﬂ(ﬁekg& tWI t hrﬁllc}?zaifl on

intensity, 25 depending on er t ore si gn S "hybri

t hr ough SR Qb emahi iag &hespyagk Laipheti mtdmlmm@tessh selett edperfect
condi ti anssch heaf bper esgent Jintens ner_at b t i ents
can be di re%t I yacorrel at ed Rﬁl" t pr ol;()})eéttggll’geaf1 tggndlisﬁsg gafafcﬂl ar{‘ St C?}Jeas t he
i nt ensi tYhege phaserpedr embestpeht s a30nenploed mpiax rdﬁiLetrLtcmcaA atwogbase

f1 gor ophot £ c(gg?é@mﬁyaﬁgugd hQe h%aﬁ ug)t&gxcac{%leq: Jmeéjfgeéye%obrel ated_ with

probe-target binding affinity. rescen ensi reas‘es Fof
non- i nt]%ﬁl%%lﬁqqﬁglda uer dpleopesobasanfieimya erttragfd et (thlengobbﬂweehralhéed
probe and,t et increases, preferably over a range inclusive of -28 WO
02/ 103051 1B02/ 01972 0-2 mismatches and/or deletions, nore preferably
over a range Enbrdimgnes ofo- Ihe snmtvelnes candtompoelset i oasibfhelhgvenhéon

enabl es .guant.i in f t efveen e and targ

i nf or mat i on caén beg‘i/ﬁﬁa(lb% gadf o%lqgofggfgﬁte?y of* Slt& Pﬁclaugllﬁ ?§ﬁ| ng

anfi senstarraigmivitture egeiimste dhiei admegtyz_dsmrcaﬁ:tsejgr&-,tm ces<h1[th]t|eldebprd>‘oheﬁrt

met hods vent S ref er b honpge S The ssay

can be c%%\%c’c? d %%%Bﬁl%}(gptg?atl%%et PF obe? P3 %e? %%ﬁ% g FPOnYEHE 1 ee

probe areirdiges atigefems i orom otldetﬁr,tsmgpntcktm negrat Ubeasf diee esesur ed

si gnal . The av; 1§ ot uire ti

allowing a gr eactSa i ngcfgtzlsée}l i lf estqaﬁlg%tehggﬁﬁﬁsgfe% gﬁffletlg‘t tbs m%%’éw‘é%% are

sinple and adeur mtaasu@edseqmgnaﬂy (daegb; ncﬁlngam&;nt savesmiltet) ofistiae
nor e bl es

and exp e SI I aut Fur t en
b?%dl nge@grr?lta es° suc %ﬁm Voﬁ)e Y&t e ?a??%ett%’ﬁ%e?ﬁ?g?e
i ncubat iZn theebindiabi \seﬁfnunger&bemeemstné paebetamchd ar gelusEiences,

sequences Lt Podti B e COTRADr YR e AaEE ™ 8 tha PRRrary e passs, PERS®
nature of the mismatch(es) (A-G vs. A-C vs. T-G vs. T-C, ectc.),
the location of the mismatch(es) within the triplex, etc., the
20 assay of the invention can be used to seguence the target.

In 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,

25 depending on whether the fluorophore signals hybridization
through signal quenching or signal amplification. Under selected
conditions, the fluorescent intensity generated by intercalating
agents can be directly correlated with probe-target binding
affinity, whereas the intensity of preferred embodiments

30 employing a non-intercalating fluorophore covalently bound to the
probe can be inversely correlated with probe-target binding
affinity. The fluorescent intensity decreases for non-
intercalating fluorophores as the extent of matching between the

probe and target increases, preferably over a range inclusive of
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20 determ ned. The assay can be conducted in, e.g., a solution within a

well, on an inperneable surface or on a biochip. Mreover, the inventive
assay i s woebaozambl y conducted w thout providing a signal Pquapeiinte agent
on the target or on 25 the probe. Al though the inventors have previously

di sl . £l ' : . ¢ i zat
(o0, o (i L adERA br AR (g0, BELERIPLY Ferodorde "
1998), asypywidte ity kst gres and/owetwlari@t specifical |y detect

triplexes of t bl e- target , . obykat | t he
neleg t)c() Zenatrﬁkg Itgﬁg%%ttg?glet Qﬁ@\ﬁ?%% n@é%%’%%fglcl %g%d %ﬁ%pé?lg a%#gi}é%%/og)
probes Retvedreaqrrdhmand cdxget ¢ ri Phelxenfivite ceon agan | bai vettugbas sésr of

taggets {s ; el arLs, et. ra, e upr 35 ol m
oo Sl iraltde YhobkBes) Mk B BestHH Thoflocn SRR FENR
PCT/ | BOZREHgTiZed Yamd3mem Qorra S 4111096) ), it is surprising that the
inventors h - S i.fiecall S triplexes fornmed between
si ngl e- st ranﬁjelrgllﬁﬁegrg?g&gc%%t( Eg&ﬁ&g%DNﬁhgn%%% %Jt: o%gg ant enduon 18
doubl e- siredfimisblwucheinogankeduge. g. Thes DNfgay acget she whergiurttee ®ithout

i nteracty ween e bes and targets is based, on tson- Crick_base
pairing é(eg{g]%géal\gfgei HBE hﬁé@?\%@t%%?é Acglmﬁése %o HOT ort%eUY%?ﬁet e O(?fsea%
RNA) anda@duindgsriar @)q dettdwriddiarhé¢ heagetiyudd i of tielde Hoogsteed abdehl of
triplex bridization of, e.g., Dervan_ et al. The term"Watson-gic
tripl ex,f}yev\hfa%ﬁ%&s (g(r)ne) oyr%aO 16161%1rl§en, & sgeizﬂt St 3t & y%?gpl'i zgl?ﬁ%@é
di ff er ercesowiyng ian ¢regt fhernmatar énoftdsasegpaihcgyHyetiweenQuéet itative

si ngl e- st randed praobe.an t he doubl e-stranded target s T-A, T-A-T
oA PR R S BBle pHE EOETRRS o e R P anE S5 o
any ot heraveson zedtspécitdmeofarihsexpedbeseahlir eennmdrberagi Dypsuaoeaisdd.

her ei naft er, .denot ed tson-Crick.hase triplet nd the resulti

sﬁ uct urel GEHONESF vat s o ePLER tbﬁrlff s‘.’a@u‘?sj?g eSPFBpés f%lfﬁg?e’ i Rt he
i nvent i veraissaydmEdnideticn 9. teagladtuRNA, BNAubadiehhetimugl erelatide

anal ogs eyl - A o8 oL T Ally- eharded bagkbones, Prspe.sgqyenges
concentration, Ilength of target sequences, length of probe
sequencesg, and possible cofactor requirements to be rapidly
20 determined.
The assay can be conducted in, e.g., a solution within a
well, on an impermeable surface or on a biochip.
Moreover, the inventive assay is preferably conducted
without providing a signal quenching agent on the target or on
25 the probe.
Although the inventors have previously disclosed the
advantages of fluorescent intensity assays for hybridization
(see, e.g., U.S. Patent BApplication No. 09/224,505, filed
December 31, 1998), assays according to the present invention
30 specifically detect triplexes of the probe and the
double-stranded target, thus obviating the need to denature the
target. While nucleic acid (and nucleic acid analog) probes have
been known to form triplexes with certain limited classes of
targets (see, e.g., Floris et al., supra, Dervan et al., supra,
35 Egholm et al., 365 Nature 566 (1993), and Tomac et al., 118
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20 any length from8 to 20 bases are preferred since this is the range

wi thin which the small est uni qgue DNA sequences of prokaryotes and

eukar yot ewoaeaofsund. Probes of 12 to 18 bases are parti earaBoyoipreferred
since this is the length of the snallest uni que sequences in the human

genome. J MuPIERA I 5 o2hy PAORRS 1Of 13 49 30,BA9ET (A7 EnlRSLERM PLLALE, .

However, a pluralit orter probes can used 6t 66T a Nuc
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and/ or stiabited Hoiogs tieere nbderd edt mmx;bibex myéﬂemd:u.ezacﬁlcan olfl’,lt ergal abéngangent

in the bei te “ i t.ors phave.di sgovered that Wat i ck
triplex g If-‘grmat :%gln a%%i]%g E{}’{%ﬁ A& %n PE Bﬁﬁﬁnced"’e}b’f% héspr%@: %%e‘gr
cafi ons Hardime sampine dreleny ttoesn:gdtamlltzabtheeat dofserentedeby Bllgltlng
nonoval t ns ch as _Nat_(p era a__concentr t|on of 50
125mV), K, %% ug:t é)rfsa rparqfftlgg3 %8$i§'eend¥%}ﬁl EﬁngﬁtFﬁﬁén §dcRTaRe a7 RG | ne
eart h nethal dmﬁnée(e;tg:a,nd\dgi targetand CGa-A2)A armd adiTvalient-Tt r @ansi Ui, on-oei al

i ons (e

+2 ,and. Zn2) ; an atio havi ng a
positive C%ar ge o? l\%t ahldeé’gt ZQ"h(fC'(e)ce, %ﬂ%%u‘g%%%o(:NFﬁgjé‘rBang?Pﬁl other
sper m diire iz ts@terca\eesl ertf spesrine. MiBeks ptEféé&ﬂﬁéMb@fOVgﬂ@dpat are
C centratlon efer OVId d at a
cg%cent PSRt agt %qo%eég%ts%?‘ Ez'“EkB:beF&r élgﬂgﬁvf’l{i dt4¢ Jéesultlng

concent rsiinmtm&fes&hi&ﬁot&iﬂWaﬂ%rﬂﬂbﬂdﬂﬁﬁﬁi@lé‘d@;ﬁ and Mh+2 are pr ow ded in

combi nati on . ncentrati o of 10mMM, ea E:qjt 15mMM each or 20nM e éi .e.,
10-20 mM eac%t) AnBhRPeBf (?gtllb%e ad@ed % THESHESYEmATPAR TRCTHES: 20

triplexd.ae.ns depends RWR a2 BNAbemdfotRet omdicligidd udehd Eilogs having
uncharged or partially-charged backbones. Probe sequences having

20 any length from 8 to 20 bases are preferred since this is the
range within which the smallest unique DNA sequences of
prokaryotes and eukaryotes are found. Probes of 12 to 18 bases

are particularly preferred since this is the length of the
smallest unique seguences in the human genome. In embodiments,

25 probes of 5 to 30 bases are most preferred. However, a plurality
of shorter probes can be used to detect a nucleotide sequence
having a plurality of non-unique target sequences therein, which
combine to uniquely identify the nucleotide sequence. The length

of the probe can be selected to match the length of the target.

30 The inventors have discovered the surprising development
that they were able to specifically assay a wide-variety of
triplexes formed in a Watson-Crick base-pair dependent manner
between single-stranded nucleic acid (e.g., ssDNA, RNA, ssPNA and

other analogs of DNA or RNA) probes and double-stranded nucleic
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nature of the cation, the concentration of probe, the concentration of
target, the presence of additional cations and the base content of the
pr obe andwbargeist The preferred cation concentrations an@dCRIBe2UIIeR can
routinely be discovered 25 experimentally. The instant invention does not

o 1o dbeuse of, dadhenctive.probon viLolocs, hazgL s efl gus, apd

time-consum ng to use, 0 be reg
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fl uor esc@mitldm&)ein cokal eampglebmmmg Heyeatenl . Trmuitaalbbda tatporterabiyde,

non- |nte | at i hore. .l n such nmbodi nment | ugr.ophor.e |s
preferab boun Q?H,—%ﬁe r’%rotS:e‘—it(i‘tonbS ‘i ﬁ"leeh end> 3fer¢%%?4?ﬁag°r]égce?ﬁ

mar ker s ¢¢m¢emlerab1mn rqf Sthdtam ne sad , f Kuoreast ettherasd kefliiemegai keosst hat
fluores Pl ed with_exci ener The excitati wavel e+ggt h
is sel ec('rﬁe%f y r%‘% |ne " eXPeT ﬁ“‘gntz}ﬁﬁg% DSndF %rx"hcéﬁ i O %} d§e) to
coPrespomit t 0210 ardl sdexelent | amaneticdbm fnmtaﬂhelcﬁxhsror(epgor e Mped ng\rﬂSed
and is er abl.y 200 1.qQ. 1000 |, uor ophor.es are erabl selected to
have anp%%ég? n \?él\%eléé-hg)th oF 8655‘8“?0 VERY P Ei'e]r‘rteeorc o et s,
an ar.goriléast | aseree s usedhthsrra:td:i(anHe) Irhe ﬁnkmml‘morespehlﬁldii@@t &ayi ng
a wavel rj:n?q%h |nJaa ran e of ,400 to 2540 nm_ an orescent ssion is
detecte A 5B 1D 750 §ﬁe PROEHISDn 2an Be

per f or nmbm@rtmt/ricde of/amrawt@fmavrperm*ar €8, pﬁéﬁérablyepgovuﬁé@maﬁ &0

S SPIA R BId O 214 SPSRYS, LoD o eual sC Lemperalur e, edding, cgs

conduct etbatertmsn 1 @IPEFatioetor2 el ow (L. gmboahmanter,rperga% U#:ed Mn+2 are
provided in combination at a concentration of 10mM each, 15mM
each or 20mM each {(i.e., 10-20 mM each).

The amount of cation added to the medium in which the

20 triplex 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 and
the base content of the probe and target. The preferred cation
concentrations and mixtures can routinely be discovered

25 experimentally.

The instant invention does not require the use of
radioactive probes, which are hazardous, tedious and
time-consuming to use, and need to be constantly regenerated.
Probes of the invention are preferably safe to use and stable for

30 years. Accordingly, probes can be made or ordered in large
quantities and stored.

In embodiments, the probe is labeled with a multi-molecule
signaling complex or a redox pair, or with a label that elicits

chemiluminescent or electrochemiluminescent properties.
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bel ow 25C). The reliability of the invention is independent of guanine and
cytosine content in said target. Since G C base pairs form 25 three

hydr ogen worndag3odhi | e A-T base pairs formonly two hydrogeaThBerda972t ar get
and probe sequences with a higher Gor C content are nore stable,

possessi ng highef ongl i r.at : sequ w D | I 44 spat ches
t hat increase thesg contggtﬁtamgo %t h{:(ra}?% ?%‘?zgg %%LOEJ etan@f%fegfe%b&glggﬁ
above t RHCRf)eskrvei A Sdupeeseentylpbedhedviliontdy irprof fidetirdthe. bi Adéng
weakness giassogkated sa Ly .%{@E—Cﬂ%ﬁ L X ai ni very
possi bl eabase. pair m smafgcg lr)get ween t e]pc:“:or o%%lré%dekﬁcég?%gég%' prfc:r\ge%u?% be
nor e un§TEI L eTEEe peitie dluwpnegistred ity ippledeesblyabnays testhei ngoba dower
flgorescant,datensjties ' 0 PCT/ 1B 1972, .
perfectly conpl ementar ypﬁggﬁ%sg v%lgﬁol}al%%c?n %r%%%%r% lfl%élggph%%%t\l/\%s
used. ThH& GdRmEme \andSdayres cexitr, emldy otdiesi tevgershehebyflobveatenghéhe
need 10 condiel. BOR AP LI GALPL G e target. | 5 For examle. It is
possi ble to assay a test sanp havi a volune of about 20 microliters,
whi ch cont ai haboegxcidatfient omresl erigtlar geéts ansehdotid 10 (fognt onohesnef

pr obe. d et s of  t } nvention .are sitive.enough to assay .targets
at a concgn%(rjlatl on&ojfg% %?dl)dﬂ@ Cl%fIll Dre Jé?%%f%% viS99 o %e‘ﬁ??ﬁ??]ﬁ%ﬂ%ft?\ot
mbP e t hdhmis xex@i 10t Mn Bndotire nf sr ot hehé 1 uiomephicren bariecs ansdd i vien@nbsigh

to enpl t co tration,of 5 10-9 preferab at

concent atelq{)eﬁggfllgo%@o o g%t%ﬁaﬁm's xglblpfSpEPrFts %8ﬁﬁegﬁrﬁ#¥ﬁoﬁ?f§%§/?ﬂg

t hat théo floregamgewhdsissn arsevelodndrit emilezi0 @ ocs UDBES tnh hat I heratéhodd 15

cannot ect. hi gher concentrations. The mediumin which triplexes form can

be any %%%bvoeén]trFeor%Ca R8I GrPRAowhC o bRSRTI kbl &SRSt tf’eséwgﬂbate the

nucl eot idesr@geore ewith Begitt dokvigig ad . wyatvdbéegth atn G ondnge &fF Labo to
ual ,"- Mol . 2 1989). For _exanple, the |iqui di um can conprise

o) oot (S50 im0 Y & FOBGPPEPE SMUSSERHALE (I OHT Tt Borich FAPEENSE DREAED

di val ent75acatm.ons are used exclusively to promote triplex formation,

chel ators Su?ﬂugsagg;é %% %ﬁiﬁ:&gggégiggtcggIﬂgﬂﬁg¥¥gfﬂeéhgver a wide

variety of temperatures, such as, e.g., from 5 to 85°C. Certain

prior art assays require elevated temperatures, adding cost and

20 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).

The reliability of the invention is independent of guanine

and cytosine content in said target. Since G-C base pairs form

25 three hydrogen bonds, while A-T base pairs form only two hydrogen
bonds, target and probe sequences with a higher G or C content

are more stable, possessing higher melting temperatures.
Consequently, base pair mismatches that increase the GC content

of the hybridized probe and target region above that present in

30 perfectly matched hybrids may offset the binding weakness
associated with a mismatched probe. Triplexes containing every
possible base pair mismatch between the probe and the target
proved to be more unstable than perfectly matched triplexes,

always resulting in lower fluorescent intensities than did

-32-



reaction m xtures. Specific binding between conpl enentary bases occurs
under a 25 wide variety of conditions having variations in tenperature,
salt corwenenetoson, el ectrostatic strength, and buffer ce®cpaBIZG10TR.
Exanpl es of these conditions and nethods for applying themare known in

the art.pdddddie yanydigogsiaanty pe iinlexes, i.ch are us .30
non- exi s% ent at }gﬁ | evél s above %bo& : g%x't hew%thson-géri cgﬁégg%%]r%(%%gof
t he i nventUBiPRiIer st cuevdr a wi de range of pH |levels, preferably from

about pH 5 topaboui pk,9; Lt | eferre ;;,E% t-r.] pl . formed at, a
tenperature of aboul 5C 10 a %ﬁtgg/%g“qf o% a ohrfeld’)ne %%ﬁ%l%l?v?’esgghfﬁ%%\ér
35 reactQ¥fiatiins dhe needr sguiccaduchuPdRn curdtl tircdtororupf ot taBGeWD

025103054,,PCTL L BO2L01 . ho i c did adver sel ffect the
triplexes. The lﬁgasf %‘lpnd%%g'ﬂ{oi%%%lg?%\t&t %%%é%r iack@%rtf p%é)r?gzleofynat%ﬁeng @
i nvent i ofPluset refst aweuwt t hed mmhctahifeerdi ndvingeh i nesnfainsoogsoeen 10
triplex-hased, YS~¢ D gh tor i.red,, itzli ible to facilitate
triplex for nacﬁse(s)sﬁ i%fsoﬁ\!a%ggg b?ggsi r?%%(léé:rtg‘lon r%%ngteﬁcﬁs‘tsésn audi t?%%b?o
cat i ons.Enfyasgtigrgreds exdnptbs ofnvémsion eagent senattide simmigh sbr anslesy

bi ndi ng ins _suc ot ei T, ne 32 ..pratei ~.coli single
st randed%%ﬁéqnga%r o%eﬁ?%n%%%lrénm %gr éog{;ugloei cMacipd:egﬁéoroa\%éLybi ﬁ%i n%
pi Bt ei nscondanitogeri andof nhet cabati hhjans@bst dc¥Es Msuc lEnsodeitnirdisun Hrcine de,

act i nomycj : or n, .angelicin. Such facilitating reagents m
prove uslg#ur%llr?%ex%%rre %;r)}gsrla P\%g cORATEFons® £ o™ i%pl gfmﬁﬁger %bno nal
pH | evaelenaantesetrienelof H gh tEhper arafesably Fheai nvrothveabssayof amobe

o det orIiie CRAE RLbor °5f i ommt EhEACBIe 950 VELFRCE Hobart: SR torERE
conpl ex,formwbiry maplgenores dbie invenfieds tmayssggest Mehaberdien seigyest
LA VS e R0 ABLOMER LR from hybr i zat Lon of the probe to
fluorescent diiessuweghisurupon ieicly Eexpokexded of etipl @xn be any conventional
medium known to be suitable for preserving nucleotides. See,
e.g., Sambrook et al., "Molecular Cloning: A Lab Manual,” Vol. 2
(1989) . For example, the liquid medium can comprise nucleotides,
20 water, buffers and standard salt concentrations. When divalent
cations are used exclusively to promote triplex formation,
chelators such as EDTA or EGTA should not be included in the
reaction mixtures.
Specific binding between complementary bases occurs under a
25 wide variety of conditions having variations in temperature, salt
concentration, electrostatic strength, and buffer composition.
Examples of these conditions and methods for applying them are
known in the art.
Unlike many Hoogsteen-type triplexes, which are unstable or
30 non-existent at pH levels above about 7.6, the Watson-Crick
triplexes of the invention are stable over a wide range of pH
levels, preferably from about pH 5 to about pH 9.
It is preferred that triplexes be formed at a temperature of
about 5°C to about 25°C for about one hour or less. Longer

35 reaction times are not required, but incubation for up to 24

-33-



targets containing a strand of Watson-Crick conpl enentary bases, which
i ndi cates the occurrence of sone kind of binding event, the 25 inventors
are not swope2tbssl what occurs in the Watson-Crick tripl erCraBioxzanr2
described as hybridization in the sense traditionally associated with

Wt son- Gideks dupl @ %ra%%tsjr < 4 o la%lvter}%eflﬁ';%??fig?:@ gkeat\é@é;g%ﬁgi Clpe

triplex may sonetinmes be erred to as a I'Zat’i on ei n, "t hat
i s nerelfpgorb3udénayeinescofaifri sonofrivk ehdedleseki mift the soopetbdént he

inventi iy Lt €5086L ho e i qn _of. t.son- Crick _.triplex can
be best characteri zegq. E%FI k@h%ﬁe %ﬁ%@%p%xneésl% g?&?‘%%d ifr?'%t h%ogggt%?%und
Sect i on tabplex-haredragsaysed nul tiplex structures of the invention -34 WO

02£103051 PCT, VA .al y at, st f trands of .nuclejc.acid
bonded t oget hieirﬁg)%i oSr%é)l?tn(\:jfcet(zgut aﬁlréz:ladi tlléo‘ri’l\ta Ea\ﬂggg%%gcﬁfjcga%tht&f@ﬁéer Fe8%As
used herfedymatien t e nsoat son- Byi cle imgndienyaiins dadented ihoad@fthen to
speci fi | ati n i i of nucl ei 5 acjd. (and/o

nucl ei ccca%is%gg%él ogl%g?géwgn&g%g%t %ﬁeé,ﬁe(s);e)pgﬁ “%gselsr}cqt/ﬁ% esi“ﬂ%{e

f or mat i GFrwEndedabspdilyi ghrapeddraupberhnmes Reeli nesothein of @rr egbrted 33 a
hybri di ,0n. event r.ei that i s rel.y f.or conyenience.and is not

i nt endeﬂ%@%%’i fé]'t r%%slcgg’éng&fe Sttﬁgrﬁdge?e%tl%gﬁn% PﬁO}ég%Bécfnatj 8 hBv The-r

f 8P mat i omofe e \Etish rOovek bibd iqgagropledxsqanibgéobeat anHatactecazedindhe

i S SR L L R E Pl At Aundipl srey Eacr
nucl ei ¢ acyel Baral ogueSuShi tidut El i traicl gy ¢ r@eiogsitisnchade, proge , uBNAudr RNA.
ELS: erre t%cr!leei %pa%g 1%8 arg)al(%bues con%ai n %Qaﬁ%g;egarﬁegeor arpParoti ally
ged Backbone P 2er 9 Vatkbond favify & t HAPSFs AT et i ve
as a natewel DY badkirond)y Higlcerdmperenmoss ments, one of the second and
a1 St and ol QUL ol apded. guedcupl e, gorpci Ses DS and. e, ot her
t RNA or adiNfssibil«erdqionenhodi obdeéd, ntibtesetdd dssiti@nde andtbhé@et oumi he
strand ke pr?&r%elflo%]omn?&l,rr?aclgc Seé Obaegghpg}.a?grin | zg ﬁgggfdization complex,
and to map genomes.
The inventors may sometimes herein suggest that Watson-Crick
20 triplexes result from hybridization of the probe to duplex
target. While fluorophores tethered to the probe produced
quenched fluorescent emissions upon being exposed to duplex
targets containing a strand of Watson-Crick complementary bases,
which indicates the occurrence of some kind of binding event, the
25 inventors are not sure that what occurs in the Watson-Crick
triplex is best described as hybridization in the sense
traditionally associated with Watson-Crick duplex formation.
While the formation of a Watson-Crick triplex may sometimes be
referred to as a hybridization event herein, that is merely for
30 convenience and is not intended to limit the scope of the
invention with respect to how the formation of a Watson—Criék
triplex can be best characterized.
Unlike the quadruplexes discussed in the Background Section

above, the preferred multiplex structures of the invention
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enbodi nents, a major groove of the first and second strands is 25 placed
in a mnor groove of the third and fourth strands. In other enbodi nents,

t he secormoandoosurt h strands are parallel conpl enentaryPCo/iBexh9Tt her. I n
t hese enbodi nents, which possess "nested conplenentarity,” a major groove
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t 80 each dEtbrypliax edilte dredto.cHaa)adtesribiedli ng bet ween opposi ng bases of
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Strand. CHREAET S HOElare AFiRoRs o GUE Bsars SRS A (HELGHo ol dod
conf or netuicdresi caredt itdee driddendes. @..g.haDNpi brt RNAS, etef¢racé miidhéhe sbed

ol ded portions of a si nd d of make

S58P°, Ol UeTLLgn, [0l J60,RLLL 903, o S, SLIGLer o100 20, nl o
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Hoogste%rétblq’nediﬂ\% %rac%b%nqe%a_rtets for maintenance of the

In certain embodiments, one of the second and fourth strands
of the four-stranded quadruplex comprises DNA and the other of

20 the second and fourth strands comprises RNA, mRNA, hnRNA, rRNA,
tRNA or cDNA.

In certain embodiments, the second strand and the fourth
strand are parallel homologous to each other. In these
embodiments, a major groove of the first and second strands is

25 placed in a minor groove of the third and fourth strands.

In other embodiments, the second and fourth strands are
parallel complementary to each other. In these embodiments,
which possess “nested complementarity,” a major groove of the
first and second strands is placed in a minor groove of the third

30 and fourth strands.

In certain embodiments, each nucleobase binds to no more
than two other nucleobases. In some of these embodiments, the
bases of the second strand specifically bond (via Watson-Crick
rules) to the matching bases of the first strand and to the

35 matching bases of the fourth strand, and the bases of the fourth
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mul ti pl ex structure, although insignificant anounts of Hoogsteen 25 bondi ng
and/or GG quartets may be present. That is, nultiplex structures of the

i nvent i orwearoe/1moef er ably substantially free of Hoogst eenPo@ndi2zg972and
substantially free of GG quartets In certain enbodi nents, the fi rst and

second si¢ands I-%si L} il £ng, (Jore pre ably 5
to 30 bases 303%{80n aamc'ii ﬁil %Egour ﬁgstran sg)are §%I 03 % X909
base pallP%SfF%rYgf ther tél)t-a‘n?pkseratnﬂeahdr‘sdp t&mmmmgwm ofahhecsasbhtiut e

a_doubl essisandes rohe A thed his diand four thy sirands cansconstijtute a

doubl e- st randed target, such as genomc
hapl ot ypee m@seWOha2y 193950t REF/ IkB(EH 0487R2. I n ’Ehtm),di trentssidittient g dtsér and

and the Loui it SIIAAL Al RORIAIBILLT hed B oduel S e Ul ] Bl exes of Lhe

i nvention can resent
Vi vo, Th@bkrwah%ufﬂparspnemlcﬁc bbaeéedin’m]_:daaltlsy conzduz:tAye -&-g,, @PA-T,

el ectro PN ctjv | ex . fQr oth

i nvent i gﬁ s sk ta 'TAor a%vgglég nHZ?ru%e ga{) n&%‘%rb’? dédg;u I’e‘—-’“gg(gﬁded
probes zwwabEmy wdumzmﬂtspacﬂ@slbéﬁ -Isdgeanded nucl eic acid cl eaving agent
10 can be us t ecifli cl eave, t ar uences of double- stranded
nucl ei ¢ aci dg’ﬂ—l If)-'geu T n%?t%é%m%?%%tasl% tfge%‘ﬁfjr?qv F\%att8p8081ng Bases
chénot hevfpebei cEiagaant andn MMedttandpe(aﬁSccathdt resat eatar gathesgquences
of doubl nd d nu Th the inventio enconpa

nul ti pl ea?( % rﬁ%lt urEs aL}I’ t(I‘:ﬁé %ﬁﬁwgeﬁopﬁ&s&ﬁlgugia fr;g EgFaEtFEtor
di agnostamnd agerind ettt nide ; at(bl)eahé bi)m]@lm)é Wdevddr Sippcseen@dqas're@l bd 8né
fourth stran(%d1 ention are suitable for

use in nANOE g‘?‘%%gF?ﬁg%!s%gﬁagg b0 \e/(isc]gfté%eggfjlr'%Jalilgc}r’?EYﬁ???yOPBﬂséng
nol ecul dvadés eof trhmo&x&bm) ixe&efouftttttélﬁfaxdﬁ ails 20 regarding
nagoenglneet| g9 MLP puCL ke acids col b9, UG LS. PRSI N0 v
st ruct urasvaitidrie iy emtiaema qancbﬁtpgatzugadlbty anotmedhast €00pr i $had: is,
prOVIdlngha hygggdlggtlon qu%ggECOé géégtéJ strands. Although folded
conformations and the like (e.g., hairpin turns, etc.) are within
the scope of the invention, folded portions of a single strand do
20 not make the strand count more than once toward the minimum of
four separate strands.

Multiplex structures of the invention preferably do not rely
on Hoogsteen bonding or G-G quartets for maintenance of the
multiplex structure, although ingignificant amounts of Hoogsteen

25 bonding and/or G-G quartets may be present. That is, multiplex
structures of the invention are preferably substantially free of
Hoogsteen bonding, and substantially free of G-G quartets.
In certain embodiments, the first and second strands of the
multiplex are 5 to 50 bases long (more preferably 5 to 30 bases
30 long) and the third and fourth strands are 8 to 3.3 X 10° base
pairs long. For example, the first and second strands can
constitute a double-stranded probe and the third and fourth
strands can constitute a double-stranded target, such as genomic

DNA, which can contain a haplotype.
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25 the first strand, the second strand, the third strand, the fourth
strand, water, a buffer and a pronoter; and incubating the hybridization
medi um f owoanr/103subati on tinme effective to hybridize theprsgaBedistr and to
the fourth strand. The hybridization medi umcan include any conventional
medi um 30 kngyn, a f e g C t S g

Sanbr ook et aI " I\/bcfpjg?: é Igemt%‘ll{’g %g%é{%/gnﬁlg# ﬂ;ﬁ%of_g&%th %g‘é%?d aE
exanpl ePCqueamt‘étﬁﬁﬂfﬁ@:aWQSbmﬁ se nucI eotides, water, buffers and standard

sal &, concentratd s el ual oAl £ALL085.; g, tacd2ealus el gy promot e
EDTA or EGRA shbid dsuppotie, i il viledoi ort he véwct i obhe nsal idesupSpeti tan

bi pdi t we t d d t f
condi {1 e, has SO VRFE BT onsPROGNAGPal e a8 contbRtTarioh, O

el ect r ogtat-iaorsiuangté, and buffer conposition. Exanpl es of these

conditions a f appl yi ng them ar known in the art. many
Hoogst een-ty[)tgl‘_’{]aiﬁI gi Sxexfcé))srm Ji(%l ag:rceor g{%&oet or 1H3ﬁpgif’§t &t S&% ﬁife
| evel s aﬂmveaabmnletys of hardAht son-Far ckxahPleyl daqubaxesstafarideel i pyebébon

about pR oA S BOR Brublh- it Erdra B R o v BT i Rtene

pE @sence:aﬁ ]m)nopgdi trbdspecaéquamags cdrealwmmtrgerte W ofisdouible-

certai n a adr upl ex e target 15 se nce ca
cont ai n eéigb}l ;Leﬁcngcﬁ‘é%es E %I& B§PE%FdFﬁ¥aE§ggiY| Roun
order. Itto | s phefnelthem‘apbatlnfulatge}ﬁtexmn beef apeEd tal SodEIPEEAL LY et roht
about 5 atbout 25C for t tvvo ours o(g | es The |ncubat| on tlgE is
pr ef er ab afgfeesss?ﬁ‘éﬁn???/e e Omr‘%%?ﬁ(f effefge ur el P HngERe

react i onrvaresi @i eemMeObmpLetE $ emltbi@lex nguba&t@feé Of utiphé® 24mpPeusSngnanDst

es di not a versel af.f ect, the adr Iexes The fast b| ndi ng.tines of
Vg son- Y ISR Cirng:d]rﬁ tish eosSE WIE EonEnl PBRGer
bi ndi ng dneTBSE fiﬁl[e mngﬁ eededbiadly unh:Eﬁ@SanQSE&Iﬁkprmmsj n the

hybri di zat i refer
ybri di zat OQEnEqéég@iéhf)éhf%E&nges of the invention are suitable for

use in nanoengineering, such as to provide electrical circuitry
on a molecular (i.e., nanoscale) level. Further details
20 regarding nanoengineering with nucleic acids can be found in U.S.
Patent No. 5,948,897 to Sen et al. and the references cited
~ therein.
Multiplex structures of the invention can be provided by a
method comprising: providing a hybridization medium comprising
25 the first strand, the second strand, the third strand, the fourth
strand, water, a buffer and a promoter; and incubating the
hybridization medium for an incubation time effective to
hybridize the second strand to the fourth strand.

The hybridization medium can include any conventional medium

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

buffers and standard salt concentrations. When divalent cations

are used exclusively to promote quadruplex formation, chelators

-37-



intercalating agent or a cation. The intercalating agent can be, e.g., a
fl uorophore, such as a nenber selected fromthe group consisting of
YOYO 1, T™D@249308t hi di um brom de, ethidium honodinmer-1, @CRiIBI201972
honodi mer-2 and acridine. 30 Suitable cations include, e.g., nonoval ent

cations.sitifads o P! 8hehallioila anGOneen! 4 0 &1 1 ROTUL 0 d2arM, K,

P
and other alkali CI() i ons; ent cations, sucCE as aI ka |ne ear
metal i é‘HSi’C(LEfQjS l\/g+2 and Ca+2) and divalent transition netal ions . g

., M+2 | , + 0 hv sitive
charge of at Ieast’c‘qqiﬁ)élé1 crl\’%gg’e 5 % ﬂg)lgggf%%%k \P/)%Fe%t ggg V\%“g%fﬁ)SOSl
PCT/ | BO2AGEO YR rigpear mfdcmdahuometham@mamwmm inVhémpsrpteter abhyt
previ de tr .S ef er abl rOV|ded
at ga co(r%(?en%te rrgctllca(;.crr?L %W%S%%Whé%éﬁg%f N%er el yﬂof;)r ov?cf%%g PE

concent EatEimm ef @ﬁ)otlheaenwbndmteubedaméntr@tm{g}sz fand AW imaartehe oavmled

in conbi 0 entration of 10mM each, 15mM each, 20mM each, 25nM
each, S%MH qhnatté% ?ﬁ(\)]/{l:gach or 40 mMMeach (i.e., 10-40 m\/leach). The

anount of catUIdndem:h}tdidzmtrmhmpen il chp I dvees nubitlqh exrd onmst alepends
| yd 10 h t th
o B LRI WL IR 0o el g o 4R Aol s o

concentration pr obé ePeoncen on o ‘th
adldi ti omadl tdatlieoress anidl thdnelxb&sre:mntaam s{ﬁakbh@ praben andid argete dhepH

preferr tjon._ _concentrations.and m.xture an ro ely be discovered
experi rrétr%tvgla}1g pff%ﬁaﬁ:rhl}@h 1ot arbe&ﬂ: éJ rpg{edqs i nclude, e.g.,
single st ram/t:hectzladuend,l ngher of eveast sSweh naﬂtﬁqﬂeécqm otiei motT4rggnerd?2 the

protein Ie st r.anded bindin r ot ei m nor nucleic
v or Saer bty Mroes s SRR oan ProRRLe et ePulrhrsng o
subst ances serhaas q:uimdmnyﬁtn @adﬁ@ﬂﬁm anda20 exgeplei nthSuctharget

f litat t t tl
5 examb B aer G R o1 OBl 1 BUE T BRoRy Ao T bnarat oot The

i nvent i @yralnsial ieraliasa :matatmd dmieahl ch hybridization of the second

piiand 1o hef o th Seand Lhactiugl sy a0 AotV 20 eog ot gl LD
of about 5°C to about 25°C for about two hours or less. The
incubation time is preferably less than five minutes, even at

20 room temperature. Longer reaction times are not required, but
incubation for up to 24 hours in most cases did not adversely
affect the quadruplexes. The fast binding times of Watson-Crick
quadruplexes of the invention contrast with the much Ilonger
binding times for Hoogsteen guadruplexes.

25 The promoter in the hybridization medium is preferably an
intercalating agent or a cation. The intercalating agent can be,
e.g., a fluorophore, such as a member selected from the group
consisting of YOYO-1, TOTO-1, ethidium bromide, ethidium
homodimer-1, ethidium homodimer-2 and acridine.

30 Suitable cations include, e.g., monovalent cationsg, such as
Na* (preferably at a concentration of 50mM to 125mM), K", and
other alkali metal ions; divalent cations, such as alkaline earth
metal ions (e.g., Mg and Ca*?*) and divalent transition metal ions
(e.g., Mn*?, Ni*?, Cd*?, Co** and 2zn*?); and cations having a

35 positive charge of at least three, such as Co(NH;),”, trivalent
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strand. Thus, at |east one of the first strand and the second strand
further conprises a pharmaceutical agent, wherein hybridization of the
second stwend/103m5t he fourth strand places the pharnaceut iPcaliBégant2 an
effective distance froma target on 30 the third strand, the fourth strand

or on angidigki MHLEHE e % Qz%h%tnecd 'rﬁu% | egst 90 BQEFEQQBH} %Poéir%&ﬁ‘d

and the fourth strand. armaceutical agent IS era
sel ect edt f& cﬁﬁl’tcﬁé?tg?r&mpxcmfsﬂsqml‘ﬁg:@f%m{ﬂ eiMg*4cigspdeséyakty t rovided

t | 2
Do 10308, Pt B0 Or 7 (e Lo o B dCIne SPIpFLEpBELEy prdtudly
nucl ei ¢ #cidsconfesigrridion dfndbonkghAmlt répl rodidomesitises Mof” patchdgehns.
| ns pref E‘e{feegf ?i‘é téomiatﬂ EQ%E“&&O %nq:e.csat%cfr?%fd Og?/feggl i1 VA
[Ty tri afe nmetho % I'n

envi r onnment en Iy, ot assayl ng I'Ag bePf ween a
si ngl e- facdndedPmdt edainol @Waﬁr@dﬂd Bamyeeaahd aSdoMbeechtr amdéd p¥obzch
wher ei n @heetarlqjet chr[p{:) a nucleic acid sequence or a nucleic acid
anal ogue sequence an probe conprises a nucleic acid sequence or a
nucl ei ¢ aci d Bl syoentseqiesesion) Jdded nenttve ae@dyarrcahnbefhimd tthne

e.g., identi }gcgfﬁébg %glo |nf8m]gljgngclfe deseunccfﬂ
s g i

det er m ne ciied Dase parrs’in a5 ybr| I on orrp ex,
ahd to nmEgrwenones. TEhe ImBEmIIOI‘D,n nidhe onbgmdeﬁ’er&tibhe parfesqmreae.)f Stpeei fic

15 probe;tar n SO row des tative, and uantl tativye
ot br et Sy Tt o B I ereRt o BethEaire FeBiban pd
target. t‘lﬁmsbasé]e:onnm |©Ih temabbesbe hend praxciet | onﬂmtp::dfetre@ucattu@nmng

o, Pen polg A a0 OFE HANLAI™ oy 2gLi, B335 Py ARl cA
del et i orexgrelrirgeritterldey base pair deletion arising between a sequence i n t he
Efbodi mont o oL R4 Feln PO a0t | SEACEI N BIHT T (e 125 mEagur ca S phal
(e.qg., féduamdebnbénddchenmprodiariascesaeh =& ekéd oshentdiimesTeneerer 32
eleCt”(ﬁﬁoégfﬁ$¥éj%§%Jf%ﬁﬁ%feIg%randed binding protein, major or minor
nucleic acid groove binding proteins, viologen and additional
intercalating substances such as actinomycin D, psoralen, and
20 angelicin. Such facilitating reagents may prove useful in
extreme operating conditions, for example, under abnormal pH
levels or extremely high tem@eratures.
The invention also enables a method in which hybridization
of the second strand to the fourth strand inactivates an activity
25 associated with at least one of the third strand and the fourth
strand. Thus, at least one of the first strand and the second
strand further comprises a pharmaceutical agent, wherein
hybridization of the second strand to the fourth strand places
the pharmaceutical agent an effective distance from a target on
30 the third strand, the fourth strand or on another molecule
associated with at least one of the third strand and the fourth
strand. The pharmaceutical agent is preferably a member selected
from the group consisting of nucleic acids designed to bind

promoter sequences of clinically relevant genes, nucleic acids
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probe-target m xture against the same type of signal exhibited by other
probes conmbined with the sane target, wherein each of the other probes
di ffers fworetbossfirst probe by at |east one base. 30 A ca&irhBeXi19me curve
can be generated, wherein the magnitude of the neasured signal (e.g.,

fl uores ‘o Nkt )i A -#gg' n bi ndi affinit t n.the
t ar get ?r:ierdg.lp?}rr{ogbcg. ébAssQltr}hdZ (glljh I ngﬂa}?f F%liteg\/’gg%t vi’eene ’heé%a?lélec%[eg%d\,\%&ds
pl ural i Bpsgionad ftiedamd pwlgss vt imep Miiaat itdre sivmseofofpatlsmeiehed bases,

t he 35 natur f ] -G A-C vs. T-Gvs.. J-C_etc.. -40
VO 02/ 10305;%%?7%%2%%3%@‘%@%‘%%%1 Jhs: Apstiich, RV reeite
quadr uple&rsidticve, ehwiravganptef lyhériauéhyi cand s fzemasbod Hos eagemneend he
t ag get . J; ' signal, easured can the fluorescent
e(’rﬂn5 ssi on Ji%r??erp%gl%t y o%és% % {Lﬁlonfs%l%gslfte I'NC éucfg%l |%u?blﬁee sfhcexsafn sea‘%rp F9°% 39 such
enbodi mentdsoukilee diinsdidayl afrfdlos t whezstatee the e quradie amtbt ad@eta cancbeic
directl ry i Qv r ed wth the ission intensity, .dependi ng on
whet her %ltcﬁéi fﬁ% L%{eg’lp e(V)rogIOsgl gin‘gcflsel%nyab%%i Tt 1O ht SHEH T g?‘iré%/ iRrRETY or
si gnal &epiprfisest | @nnuclieder sseldcteduenadi birons, ntibkei t uaicsc estha BSSi on
i nt ensi ts)égéloetng:eener ated by intercalating agents can be directly correl ated

O -

wth pr arget binding affinity, whereas the em ssion intensity of
pteferred entidi nmeintvserenipieoyiatgaay naren nties caksdd ng:d | uas ophpr ei deovatent |y

bound tq the prghe can be i.nv eén correl tecgi with robe-target binding
af fini ty.cc‘iei'?eéo Jchiueor:':ees?{:leor%‘fS e gfgoﬁb éldlﬁ“f%][eee?%ﬁ S %ee%l‘}eég%ee%’ £i57 determine
non- i nt éhealmmilyey: fdloniopieardedddde paktenin of hgdcid s hiadrweedmb hex pr obe
and target irg)creases Oérpereferably over a range inclusive of 0-2 m smatches
and/ or 481 &9 OFE FBI1ES5ief erabl y over a range incl usive of 0-3
m smat ches ambleor ideéet ionsno20 ey | deeatten Wrabpessgaat oy siged i c
bj ndi ng_affi nit et ween . probe %?T target. Such,infornmati.an can be
Vil uabl E G SN et 5 0F ikes, Tl (TG dBSPUIFRG afidaned diugs H th
opt i m zeghahitnidiang whadacoenasions. redwerdigsny thk tricurwentti ontsrpceienabl y
honobgeneouys. The 25 assa n be condycted w.thout separating.the
probe-t}r%é‘feenco?rpfpé? Fr gﬁidtcﬁéalfg%té' prg%’élsan\c,]!l?? etV EPhePp AP S the
detecti firactitioner to distinguish among a perfect match, a one base
pair mismatch, a two base pair mismatch, a three base pair
20 mismatch, a one base pair deletion, a two base pair deletion and
a three base pair deletion arising between a sequence in the
double-stranded probe and in a sequence in the double-stranded
target.
Embodiments of the invention comprise calibrating the
25 measured signal (e.g., fluorescence, chemiluminescence,
electrochemiluminescence or electrical properties) for a first
probe-target mixture against the same type of signal exhibited by
other probes combined with the same target, wherein each of the
other probes differs from the first probe by at least one base.
30 A calibration curve can be generated, wherein the magnitude
of the measured signal (e.g., fluorescent intensity) i1igs a
function of the binding affinity between the target and probe.
As the binding affinity between the target and a plurality of
different probeg varies with the number of mismatched basesg, the

35 nature of the mismatch(es) (A-G vs. A-C vs. T-G vs. T-C, etc.),
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t he magni tude of the neasured signal. The assay does not require a gel
separation step, thereby allowing a great increase in testing throughput.
Quant i t atwoe2aeabyses are sinple and 30 accurate. ConsequeatliBoxdier2bi ndi ng
assay saves a lot of tine and expense, and can be easily automated.

Fur t ner Nt ddac3RRPLES nl! RELAG ARTLAPIASIPHE RS UG BE SLAM, Cryy
concentration, tenperature, [ncubation 11HE, re ati Ve cbncént Fati ons of
probe a@RPavarfettsequersesion ntar dad atsrd domceuatdon;hd ermtdetof - 41 WO
02/ 103051 P . ar equences, | ength of. propbe uences,, and
possi bl e .cggélc{%g@%%lﬁ%t%’r ol?r% e;§: é}%a%ur??%sr}% ‘ol b]%gr 5%? df@g%?%?'ﬁ’{l?\ed.
The assa&iggidye igormhasttad diha €lgoroahsakutinodudiethiin ahewekdt osample.

m groch § 4 ab rface or-on biochi p. In certain
en‘godi neafr:f?gucikﬁ} %#lgp %Ilil%@f o%lr?? TS r%nr%lsa%f%n%?%v?%l%‘ﬁg?lﬁ glﬂ% %%P? d*3%t i on
medi um befrges tdeen fher stimutlsecandnserardy, coardlthedf vish and seteaton

st rands .QVvj ded;in _dehydrated fagr riof,.to rehydration by contact
with the t;e/ebrlroél’:Lg_’:é}z’ati((i)(%‘lp?r%l %éﬁ\ NBY eo“\c'}'é?r%h%)ltcle %H?ent' LRNRFS s T)Jr%]fl%f%bl y
conduct eétybxiGi iwathiont tPmowigh ngienasl gnadncjuiamng hdbngs dgeal anplheicat geh . or
on the e. h h the.inventors ha reviously disclosed the |,
advant ag@g&%‘ ?‘%%?‘gggenctoq Lty %é aggugﬁ?sﬁﬁﬁgi LTS TReRISEEY.
UlS. Patenteryid tat iinhekealB®i2Z4a50ht s fddedel bibecenerodte14088)with
certain odi, nent f. the inventi.ve assay specifically detect

quadr uplpgrxnécebse_tfart ‘% 1ol na?hd’ﬁ}r@l é(dufﬁ’?‘gf?ﬁSa §def“éﬁagf’? tRAES8bEY a?f ng
t he neednafederat wntbddimnerntas getplditing & Ui+ Bhigridbicihe fnverseiicrdave
been abl e _t ecifically assay quadrupl exes fornmed between ,

doubl o- STPANEEH 130 7S st nbtaoEPBSs CPInRE] 1AFTRIRLY vifereh Iriafd with

i nt er actpxwbe etnuean then@indesadnfdniayget s iThadhaseErhere WdsoN-&ni €4idase
paLring .(%t | east i.n_the senﬁjthat A binds to ,Téorlu, in the case of
RNA) and GBI t 88 S2PEPher™™ MR tHE Y73 31179 e 61 UPGEEEPEERA Mstef of
quadr uplexcdntbr bdi zadtoning, etgveerPi ther ptob@5 &ld, touped. Huitedtes,

f i he i i | . Q. DNA RNA - RNA
E;/EP?ZS polifsf%@r S lg]pfn |ta'omqe Ignxggﬁl%%gg%zg%%lhggv%de’of eO—gz ' m(:jLSémat’chgg and/or

deletions, more preferably over a range inclusive of 0-3
mismatches and/or deletions.
20 The invention enables guantifying the binding affinity
between probe and target. Such information can be valuable for
a variety of uses, including designing antisense drugs with
oﬁtimized binding characteristics.
The assay of the invention is preferably homogeneous. The
25 assay can be conducted without separating the probe-target
complex from the free probe and free target prior to detecting
the magnitude of the measured signal. The assay does not require

a gel separation step, thereby allowing a great increase in

testing throughput. Quantitative analyses are simple and
30 accurate. Consequently the binding assay saves a lot of time and
expense, and can be easily automated. Furthermore, it enables

binding variables such as buffer, pH, ionic concentration,
temperature, incubation time, relative concentrations of probe

and target sequences, intercalator concentration, length of
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ot her doubl e-stranded nucl ei ¢ aci d anal ogues havi ng uncharged or
partial |l y-charged backbones. Probe sequences having any length 30 from8 to
20 bases wp@2poferred since this is the range within whipCh/iBép019T2RI | €St
uni que DNA sequences of prokaryotes and eukaryotes are found. Probes of 12

to 18 basgs-are ddsadar erred _since this is the | th of .1he
smal | est unsquue Qﬁ%queén%:%s iylner%%{]tgI hugrriﬁn gégr%)o%rre.sgﬁn &5 rrg(r%[ S, pﬁﬁgﬁégeof 5
to 30 35°PER@Eonr Bl st Qrariared. radwvievarentas loubal irbpidilysHettemipedbes

-42 WO 02/ 10 PCIL1,BQ2(,03197 S t et ect ucl eoti de. sequence
havi ng a pl u?g?%ty o%& %é{r? tjf%l gﬁje a?‘g%‘? ggéw%r'\géé t eg?%:lﬂﬁifl%i"c"ﬁg%%)%b?ne
to uni quétyl edamitgcharmaiuc|wotdrnde geguerside Fur flaargidr e theipebtp.can

bec sel t I t f. the.target. The instant inventi,o
dods notej.{;lrr1 %J%t?‘aeﬂ?ﬁg%ﬁgel%oefn %%gag}q%ag%l?\%g %Irl%bfe%?&v%isgﬁraﬁ%s F?érzeaPaﬁ’[‘f%fiea
t edi ous HAdthe | mpbriohisaat imn treedisey eenftbree adhet d ilvestc emstt aridondr egenadat ed.

Pr obes i i re preferably, safe to us nd st.able for ears.
Accor di ﬁgg?%/hﬁbér %%;gﬂc%r?lcﬁesenc% eéo%tr(?rryesrea S REPYH S% 10 alﬁglﬁ'glr ?&i ﬁﬂﬁm
st ored. Pwnienbodi nemydyat hen prwbecnisadabel gd tvitd Hhwbridit zatbdbectd@ium.

signaling co a redox .pair.. or wth a label that elicits

cheni | um nesc@%fé%fé%1 ec@lreochlenﬁﬁ% i nes &t Ypr gper P& .erﬁb?élﬁ’ aPPABFrESEent
i hPer calwmtithouts poovpdasgnd Bhghbé qlenkyliniodiszatritormedhematdet Sor on
pr ef erre&%h éhe probe or target (preferably the probe) have a

fl uorescen aber " coval ent | y bound thereto. The label is preferably a
non-i nt er cal aaltrigoddhuoridpdor eEnventansi nheveal preéngotibUpr ogheetosks sugh

enbodi e §né£1ee f 1 uor horesis referablly bound to the pro e,glgL el t her
end. 20 %%e‘?er ted f Porestdht (ﬁ%]?ger? %%&’e BFBEYH, ‘{]%déﬁfgﬁé, ééi;llaflne
and fluotsseei re.qand allser madkarts wpatl ifdatdoas c@owhensi/ppadisated £ui el
XBer i meRTAT TR il of  dBhveRErSAAF INH BSHER & bof FospURAnE bve28FRY s
exci t at i spe okl caln ¥ or deheck! uarwpdonel detng wvsed, timnd bsopeef ed@bl ycRE0 to
1000, il phoress e BLEl e aBlY, 381 €216, L2 MRE o LRkORe e
target. It is surprising that the inventors have been ahle to
specifically assay quadruplexes formed between double-stranded
20 probes and double-stranded targets, wherein the interaction
between the probes and targets is based on Watson-Crick base
pairing (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 limited
Hoogsteen model of quadruplex hybridization of, e.g., Pitner et
25 al., supra.
Suitable probes for use in the inventive assay include,
e.g., dsDNA, dsRNA, DNA:RNA hybrids, dsPNA, PNA:DNA hybrids and
other double-stranded nucleic acid analogues having uncharged or
partially-charged backbones. Probe sequences having any length
30 from 8 to 20 bases are preferred since this is the range within
which the smallest unique DNA sequences of prokaryotes and
eukaryotes are found. Probes of 12 to 18 bases are particularly
preferred since this is the length of the smallest unique
sequences in the human genome. In embodiments, probes of 5 to 30

35 bases are most preferred. However, a plurality of shorter probes
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enbodi nents, an argon ion laser is used to irradiate the fluorophore with
| i ght having a wavelength in a range of 400 to 30 540 nm and fl uorescent
em ssi on wWe odaomsted in a range of 500 to 750 nm The as®ay/1B62/d1be

i nvention can be perforned over a wide variety of tenperatures, such as,

e.g., from C I I S require el evated_- .

t enper at ur e?,et gg%léns O%é%ggﬁda g@ (g‘gﬁ%{?% %%%éeanscsea;h.avd? S ﬁ‘epgﬁﬁgrllﬁgnajf t he
i nvent i grcamisale - 4JryEr 024080864 s PENEKBAR/, 019A2h comthicteedt @t unbouely

t enper at; r Low. (A Q. - rat el 250) .. The.reliabjlity
of the illré\%/eglr%f n%lh% Pﬁ\%&%@%&?ﬁt ggéﬁgﬁgﬁi'ngﬁ E%ngeré%oﬁv%solsfgé:h&?ffg%te Fﬁnsiﬁ?d
target. Silaxtad Chasetgaitrlse flangtls ahriges hyalrggen bonds, while A-T base

pakrs formo t ger tar,get. and. probe sequences with a
hi gher G or gﬂk}c/eonrie)%%lggé?e ?r%?‘gﬂg 3B efigggssélggi ngre?ﬁu&ﬁ%r %’I“?i R
t enper attadisact@orsequemntides, basiipd r airemat bhesrtibak,i nctedseushe &6d

content _.of_ t r] di zed probe _and target region above that present .in 10

per f ect Itfqr{r?a %%eg Eyrg?i ég r‘?l%?’ofa’rllsogtn %% g?n hg” Ed 5%%%%?5?@8%th

a m smatRrvdeprodbeheThavienténhi ¥ee assafetrsbbxt s£felto sersbhidvetabher eby

obvi at i need, t o conduct PCR anplification of the target. , Fo

exanpl e?’%]atqlﬁe‘s p%‘scscilqnﬁoglrf% s sBYC ef’esctansgkﬁ?)l Daflgyi oy 8r§§g§8I dife i)?rgﬁout

200m cr elustrdrig, iashiaahd condeédchs about 10 fentonol es of target and about 10
n are sensitive enough to

fem onol es of__prohe. .. Enbodi nents of the inventi i
assay tar getlé'P aet“%ao%%“ﬁ%ré?ﬁ'r arﬁ?%rp%?b%le%- aﬁi%(?e‘f’%?}%b?ym‘éité'mo ecule
concent rsgitgrorll iofg nodmpinse dhan Heddk 1oa M, Erbogi tknd slabel hen29 ébvention

are sensj.tive enough to enpl robes at, a , concentration of 5x10-9 M
pref er alﬁglhfngtelué“l& o q}a?r?o%y% rr?ocfeiler?fv_'r%mﬂ%?? RUPME 4% shoul d go

Wi t hout sayi nthetrhak t fkuotesegnt ngimedtesl Af@r Ndls | NbeENdatkdentsuggesthéhat
(B8 PR SETR S5 Sk DUSher oncelbratl ang., 25 e fallo of probe,
strands)(drsef3Hrablw thd prquesf enalel v &hagiet@eht label covalently bound
thereto. The label is preferably a non-intercalating fluorophore
or an intercalating fluorophore. In such embodiments, the
fluorophore is preferably bound to the probe at either end.
20 Preferred fluorescent markers include biotin, rhodamine, acridine
and fluorescein, and other markers that fluoresce when irradiated
with exciting energy.
The excitation wavelength is selected (by routine
experimentation and/or conventional knowledge) to correspond to
25 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 preferred
embodiments, an argon ion laser is used to irradiate the
fluorophore with light having a wavelength in a range of 400 to
30 540 nm, and fluorescent emission is detected in a range of 500 to
750 nm.
The assay of the invention can be performed over a wide
variety of temperatures, such as, e.g., from 5 to 85°C. Certain
prior art assays require elevated temperatures, adding cost and

35 delay to the assay. On the other hand, the invention can be
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The Exanples will show that YOYO- 1, a known m nor groove inhabiting

i ntercal ator of duplex DNA, can facilitate and signal 30 triplex

associ at iwp oenodvsndi ng of a DNA oligo with a dupl ex targePCTaBI2t1972s

i ndi cative of the degree of conplenentarity, ascertained on the basis of

Vit son- Gdgkudase HA FobRC LR AR u e S _of. the, ol ng.t he
bases of the co Iemen?ary gllgquenéle i%f?}%l upl fa%'s%ea'r g%%.g-‘i—l%ln%\%?%%fgawﬁ
PCT/ | BO2P D1 2 triplex binding observed can not be a version of the

homopyri m di ng,d ridl 1§, c Lzed | iteratyre. . due to
t hat conpl exes' r_equ%q%{r;%\t%%f%r Hlahﬂg{r:%g{f%%ng?t%%%%Eg%?%nh{:aéfy#u%lg%r
typi cal 3¢ CYEPE BB T eoht tnt sS1dStaegedl | g9inas @vEl basedpasra Hondi ng
pagt ner . j i randy _i t t [

Faqui rerenet o TG borldk, MAARA T i Flr o i g’ Bghboen

m smat cheendsy, Cargslesand piroher selpeokegowitguende girent e ut@t ¢oret&nndi ng

site ongthe L ne_pi str fodihe tar. u . 10 The YOYQ-1

i ntercal a]%é(;r rﬁ%‘éé beg%éfégsbrt%&%s%sﬁ%%nsﬁ%%ﬁ%d %%)%ls%% (Eg%?r%%ures.

i nhabi t i ¥epedruentior, jgragw epair dupsext @Me Diagedinpoaa SVREBPeEC r ostopht
studies. ¢t 4 ) t at_ - YOY o_{ ocal econdense.the B
COﬂfOI’fTB.C'Efl o%ﬂ%f %&%ﬁeﬁ eég % ?dlg%%ée!tsﬁ%ggaﬁi%ﬂjg\ﬁgo{-‘/é?gl ?r‘ﬁ%ﬂ%afn
répeat dfeunBFablbhaswtbgdiad rattherds hamyt heff@elbasehpai bsndsugl | yedlmadsi n a

B conforpmtion hel s a(%’ﬁ.@rﬁat&e f}_l,o%)r ophore, YOYO- 1's em ssion was
greatly enhance y e addition o orrpﬁf‘errentary oligo to the nmedium
bearing the Thml einvangerte Thesegharnced eothirsswedly assacs At £de W t bthéheb20

i nt eract i,on. of . i nd the |, e an be credited either to the
YOYO 1 bée%%#g gtn}?é i %g?ﬁe : Gu T8 gfl u?%tn ?rcc‘hg raérgfliel f!alncd”ltelrﬁ 19 % gtehef" i GRTI%Dr e
ener get i Bzt | yxapphet he tcohs apbismg bdfe tthe aksgp W ttest headippkeehorirdp &he

YOYO 1 findl econd hospitabl e ce to locate itself in the grooye
c%at ed %‘gﬂ‘ﬂ% g?fgog%%%tth%b 25m%:%ﬁ§Jr ®hT ar yw%ﬁ; ndc?ﬂt?ﬁgsdu%}i)%’igvmgﬁ t he
respect i Fentasekes t hef eofargrtactindne adoottherlo | tfemstahsbegposst bl probat

bot h events.are occur |EﬂssFurther. studies, such_ as X—raa/uglgl:r¥%t aalllsg%r/aphy

T8stopy < tHEY K The FossPEPELELVE o

and NVR specitoscopy w |
targets at a concentration of 5x107° M, preferably at a

concentration of not more than 5x107'° M. Embodiments of the

20 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 wvalues are not intended to suggest that the method
cannot detect higher concentrations.

25 The ratio of probe (e.g., first and second strands) to
target (e.g., third and fourth strands) i1is 30:1 to 1:1,
preferably about 10:1.

The Examples will show that YOYO-1, a known minor groove
inhabiting intercalator of duplex DNA, can facilitate and signal

30 triplex association or binding of a DNA oligo with a duplex
target, which is indicative of the degree of complementarity,
ascertained on the basis of Watson-Crick base pair recognition
between the bases on the oligo and the bases of the complementary

sequence in the duplex target.

—44-



| ocations and interactions of YOYO-1 with the Natural Triplex. 30 Johansen
and Jacobsen (1998) concluded that the decondensation of the dupl ex DNA by
106 i s cawoad/1impst he bis- intercalation of the YOYO 1 chr ecophay@onrhi | e t he
pol ypropyl ene am ne linker chain remains in the mnor groove of the

dupl ex.  Thi y. t .M wher e_t . 1S
decondensed iTOHGgl %.Pl’e %(a??%%igﬁi gﬁ%\%@ﬁe eélgtg(prr?%%/s%% 8us7re%r%gr%n -% W

02/ 10303 PREY 1B} 010 72t rhpl skt ewot itthe W@ 1 thaeeaterdmein bot h the

directigns. JBY 0. he i ble that the + tiQniccpature.of YOYO 1
| ocated in ey_ﬁ{'e m'nofai_l%rg%ve&ﬁ%?v\ggﬁlptl%%eg’acE%%(ﬂ%ﬁca)éfm%ye 5§%I gqxlgrhes%ﬂ% in
r el axat iSOGt 1dee r ePpimsl anl pet WEeaurhéyphosphatid dariyes G FhaiQ@esoBtémntt he

i ngredi atg vi gl n f e. YO i ndi ng.si t causi.n e .backbone.
strands t.o%rfelc)%/gg fc%/%és?evgé o o%%%% h%rg |gn bt% hléﬁ\i/]igci%lr%‘%ttﬁl%&i hcc? he'SovsHtne
Shoul d Fisdrerira¥@Oibh Itheatipilexekbrgedr, asYO¥Cehe pegsenementt hier deipd ex

m nor g V1N 1£ing gr oqve reat ed t.he ol igo, apd .t he

conpl ene%qaéo?pyu%éanggggie#gcﬁn%? ngt’i n%uﬁoooﬁgoaﬁf’&uﬂéir l?% Pﬁg%ﬁltﬁg?dgtbé’ov%,

t hat YO¥@skswin ceidllser ddte iail 1ge dimiumndd eomani lomi pu traeiites | mhndetgvesht ¢ he
oligo b e . the . conpl enent ary_.sequence' s. region of the backbone. W
al so obg%}r(\?ce tgﬁ'[altﬁléeearglecﬁ} s%v:ﬁ'uair%: y ontc}'éeng{:earcﬁjegq e(%}l " have the ability to
faeilitate trilp e¥O¥Qratntoercdhaiaddi haenbeen kepdreadeldy knshansdn | ahg of

nonoval ent, .di val nd _nul t.i val.ent cations to condense dup]e ur
resul ts%{sgudg%)eés ntﬁgégégt K nslnl'f%?JrﬁJt)l?ﬁI dgég VHI"SHF r%k%°$%58?bléé’p§ieém

bet ween Ueassed uport MEVR adpego: sk disise ssturdidwe. conpl eredit &5 yrepoened ofhdhe
dupl ex. showe hi_s first form triplex faci.litated by cations
and 20 txr\?eeyr%) ?ilesf“rg?/ n§< char]ilfk'gi ﬂﬁchE%E?ﬁr g:é".e %ecf’ﬁgﬂﬁﬂa%f‘o@orﬁficﬁhlé%l

| asi ng afudlhex ek usy | 10 ehirdsdltel reationsn avetdlplliex Wedie repesendt was t he
rapi d di,sappearance_o i

all 1triplex structures. , Qur ex ience wth
F ol ex ROt P Bt her vERRRh efe B Saah cBaurs pEURTLY PRl Bt % oBm
t enper atadref ameb tpiesrsitedl faal mapeat25 hours when fornmed. Over tine,
m smat ched OLAQ‘QOS onti ng}ie theﬁ) |,oner .| evel of fl uorgghore em s ign
ndi cating ¢ RE Sata CARGREOTST CPLST dx & GIYISEGH. "esi PERECOR THESGERRr and
appear tuhe reddition bfamrsiipdiemetrdht | @isgovhtshtaee nedidutibending ripdk ex
or duplex target. The enhanced emission associated with the
20 interaction of the oligo and the duplex can be credited either to
the YOYO-1 being present in the duplex minor groove and emitting
light more energetically upon the contacting of the oligo with
the duplex or to the YOYO-1 finding a second hospitable place to

locate itself in the groove c¢reated by the oligo and the

25 complementary strand in the duplex when the respective bases
thereof contact one another. It is also possgible that both
events are occurring. Further studies, such as X-ray

crystallography and NMR spectroscopy will establish the possible
locations and interactions of YOYO-1 with the Natural Triplex.
30 Johansen and  Jacobsen (1998) concluded  that the
decondensation of the duplex DNA by 106° is caused by the bis-
intercalation of the YOYO-1 chromophore while the polypropylene
amine linker chain remains in the minor groove of the duplex.
This may be part of the mechanism whereby the target 1is

35 decondensed 106°, a relaxation which will be expressed out from

-45-



quadrupl ex formations. The cations included intercal ators such 30 as
YOYO- 1, netal center cations such as Mgd 2, or cationic peptides such as
sper m di rwQ 0alib3o6f whi ch act on the confornmation by intePa®tBoxgp19i2t h
anionic charges to result in the nodification of the conformation of the

dupl ex DA tafgetor ThRe 'Y@%LFS iKak-Sde Wb 16at Q1 SPEEL &S, concept rr@éi on
or the presence 35 of several Species at varying concen iations.” - 46 Y0
02/ 10305t °Chs BOBEdPIr2 thethhbe shovet idmsic approm icht ¥0¥orRtehdbratednsnof

organi ¢ cisolials SHbovemBALLECA AR Bhokhe LA gel  dupl o BNA. b ch
allows triplexes to occur. e transitory nature o MUCH of trlpll1 $° and
quadr upl'&d 2z gt shei sepohgiaeribetwiedn tifiee phgaphsides anéquii cedpatgéhat
e o ERREE B0 86750 N0 R IR LI Ll L8 e
Never t hétasdhons, et Hemdetticomsvar elsaét | oo evme yarsitdid®e irsahehat ctlhagposti ¢

and ot hgr,a _€an e 1 ve.therefore dis red
that it is con enlsati%mg?& %e%%%%%%gﬁ%rjfoﬁ?%ge dﬁ%?eei;gd@a%yav\g@%gvg
means whrgeanikesn possidlelercognoti grdustajedny t Hehabiigdnandhehegroove

conpl engntary C fLCl to hi eve a _contacting of at |east one
base on the ol ?)Sﬁe\flmgt ﬁlga%aéslga?%% e m%%r%\eéﬁ:earﬁya N Pawgest?%aﬁ%l%m ex
t aPget . CTieerancirteepribabhy minombgroofrede pantuveydriomoule 41as) td@N in
usual |y i, QY adj nt, b airs in a sequence en.the siz f the
hel i cal Ifereaﬁgyaltq% ;It)ﬁr?ngjint%ll %gl Cb;rlgégl% SR AT oS Tr coéﬁz?é)\r,\\gﬁlﬁk%ﬁ.neﬁflg the

r eal i gnreniplefmesttacke dsdmsmnqral s srdgidrheo £ och fhearkdweld x nmost |i kely al |l ows
for a sufficignt n in. 2 lLectron orbhits fromthat, present within the
base stack ofﬁanafgﬁrr% ° frgggd%u %e et %oWéFFg]WCQF‘ﬁl&%ﬁﬁ gﬁlptlﬁé( t%ﬁ%?d
strand tlmve lihecabplétmyntar fasit dnat ¢ oo cipphen i rddlex. nudi fagation by

SN on U ot AR Ohi € DB ENos JU PP LT dePNAR L | P Ty S TorTed at
gener al loattivenss are dandersre dupleod DN abuenreaylbe boggkbzethat ncdtpohat t er
case. AL ol RELH, SRR DR coLhatR, Mk gerl e, O
oligo and bases in the complementary strand of the duplex. We
showed this by first forming triplexes facilitated by cations and
20 then destroying the bridging structures. The result of continued
lasing of the medium in which the cations and triplex were
present was the rapid disappearance of all triplex structures.
Our experience with triplexes facilitated by YOYO-1 is that
they are readily formed at room temperature and persist for many
25 hours when formed. Over time, mismatched oligos continue the
same lower level of fluorophore emission indicating the same
level of triplex formation. Cations on the other hand appear to
result in transitory conditions which are conducive to triplex or
quadruplex formations. The cations included intercalators such
30 as YOYO-1, metal center cations such as MgCl,, or cationic
peptides such as spermidine, all of which act on the
conformation by interacting with anionic charges to result in the
modification of the conformation of the duplex DNA target. The
results varied with cation species, concentration or the presence

35 of several species at varying concentrations.
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nodi fication. In either case conditions can be created to allow 30 a

bi ndi ng event between a base on the oligo and a base in the conplenentary
strand ofwOle/1aiepl ex to generate triplex pairing. Once skch/IBoipT ng has
been initiated it can be understood how the two flanking sequences of

bases on the i i @_){\é{lgg I Lti ind to bases_in the
f I anki ng sequﬁ%cggvg} %{tﬁﬁéﬂm% coﬁpg%ﬁgggégstcgjglrﬁ}c?%ot%latr%gleondsup %x??gﬁ?.lﬁo
02/ 103053 PCInE B0 218 097 2modhf f eablipnergfer thenttsrsirow gnpaexstMA | i trich t he

tripl exe§1i%él££%f%(g g@%&ﬁmny ot her reagents have effects on the

confornmation of the duplex ich result in Natural Triplexes being
formed transiEpel frafréseryr impteahel pX studictof esrdoieknuend tjoaptagiess

i ngo cong ' . Why 0 e t.o_,triplex nmaintenance

osul 11 neor e bRy SRS M Bl B e SRR aerg 1o
nmodi fy tPreocense? nitvohvbhgt AhgetactsRINA nousit eegquendor £Adfasmboibhs febhect s
over ti es | C at a i ncyhation times, suitable in the
10 cond{??%%%xofélﬁgnp%?at %%%?&B;H, ﬂe?qge.%sslrehqeedt e:j:.t}la‘lthi sl%ppFFEéY?Eﬁgt eﬁEHes
many net¥reiosintted aNemtsinidesied® r eaghnformht tons anrdeu fifsed cart Igodicbbed by

nventi ofc i TT- BE Tt oack el REuBF S hetlr | S e M PR TS (o
Eténpl es thatWé¢ohhuw, dherdfoshodlidcbeeraddetsitootitt hat ¢hedgieseitn or
wi i be Tr e AR b e R AR e B i te ToreRe RFlohrKeS
Exanpl espodrible shoopdibéonndesistead that dlheygpr eaanttliavesinbdemeataely
assay of TRETHOGH T I R ST Farh SHAMBS e otk J <B6pPEROHELPy
dsDNA: ssBINAth25 cddmgal exeshand lisdNAias DN cormb Bxesn cany aistiragdl &p, tBebp
(NB1 ccul AP BRBLES S2hendtr, UEAPE e e ot AtR > EpREPRoLLEprcEion
anal ysestinéd gdeel tnechasiushlef enrjogedc byoadhetawerbase pairs in a sequence
when the size of the helical repeat is modified by condensation
or decondensation. This realignment of stacked base pairs in the
modified helix most likely allows for a sufficient change in
20 electron orbits from that present within the base stack of an
unmodified double helix, to allow binding of the third strand to
the complementary strand to commence.
Duplex modification by either condensation or decondensation
may occur in a rather homogeneous fashion with all anionic
25 charges in the dsDNA and vicinity affected at generally the same
time or the modification may be localized. In the latter case,
a series of greatly varying modifications will occur in the DNA
base pairs and backbones progressively distant from the locus of
modification. In either case conditions can be created to allow
30 a binding event between a base on the oligo and a base in the
complementary strand of the duplex to generate triplex pairing.
Once such a binding has been initiated it can be understood how
the two flanking sequences of bases on the oligo might be swung
into position to bind to bases in the flanking sequences of the

35 complementary strand of the duplex.
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YOYO- 1 and dsDNA have shown that the intercalation of YOYO-1 30 results in
a |localized decondensation of the dsDNA helix by 106 generating an overall
hel i cal rwpeatowsl 13 base pairs as opposed to the nornal PCO/IBEEITRAI I

hel i cal repeat in non-condensed B conformation dsDNA [J. Bionolec. Struct.

and Dynami cs V@ﬁulez%lz%gcpe(le%%%s gh% gﬂ?e%@%%?&iE@éhBQﬁéoéﬁzélexes
Conpl enent ary sense and anti sense 50-ner ss target“sequences, derived
f r om exdicid idfatiae hninBAYRykt i Bahvbpbbes geagentNathave ISEe@CY 119863 ]

were syridigsiged | eped 903, t
Bi osystens) and pit}% ﬁ%ﬁﬁﬁgﬁ%§ éﬁéqn’%%ﬁar%%ﬁ%gn? 13 %gg{lﬁgfc%]\r%?%%}é%f’ ary
ol i gonudEga deympst srahsatatlynt IBEdertnipls heddd atromedres aoneahue

gradual lpys a eeskenpgLat 21¢.aver_1.5 S
ol i gonucl e_o?irggs e\;\s_/er e ﬁfé‘s:ﬁo\%}% i naetg'cﬁt—rigso ;ﬁglgylco%%eentlr fil.stléir o%ag?b%lﬁm\zgll .
10 Sequéideles maigtsmmEest ramd lofinchd nwillogst pfiethar geipDhA s BEC 1B NO :
1) was: 51-T jgléac‘ggﬁg B AAA T TGS TG TTC - CTA TGA TGA ATA
TA- 3' Sequen(%l or~the gﬁ@f\sense s?rzg\-r{lggg}'o%e()dvj\i d-ttcf%pec?%fr%re[?atjl%nD%
(SEQ | DtNOrget]) dsleNA BUSTAPeATPrGADICAT GG AAALEAECICAALAGHVERA Tile THG
CTT TAA LG A5 §FQ . 2 S . -mer_mut ant dsDNA t arget_ sequence
i denti czﬁ tok.;livcxiﬁ d- tg%% aréégjf(l)\%\lAaf@Edq} 3" e%%:%%? Fgrltgtngﬁe lr?ot%%se
paPr nutcRnidit {anrier] i ted)emtam noolci et poss¢lenmt&D7 darhivdi abpl heation
wld-ty n n changed to CGI.. _Sequence for.the
sense slt%feang o¥ @%Eﬁal %eﬁlggggvv%g: %\;‘; ;%’%% %\%Tﬁagﬁ&tmﬂ‘f’ CGP AT TG
TGT TTCUus@HA SEGANTEAE ¥FA TA- Bho2é Skaldade ihothieharantdcs ensecstpande bfe SEQ
I D NO 2 . B - TAL ATT. CAT CAT AGG AAA CAC CAA AGA CGA TAT TTT CIT TAA
W L ST G

TGG TGC S "a 50-nmer 'nutant dsDNA target sequence
i denti cal to Thd dihypettiangeyvi DNA HSEQLLRsN@atkedexteptmdmy detail with

15 reference to the Examples that follow, but it should be
understood that the present invention is not deemed to be limited
thereto.

EXAMPLES
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.
Example 1

Example 1 demonstrates that the assay of the invention can
discriminate  between perfectly complementary  dsDNA:ssDNA

25 complexes and déDNA:ssDNA complexes containing 1 bp, 2 bp and 3
bp mismatches or deletions when a cationic DNA intercalator,
YOYO-1 (Molecular Probes, Eugene, OR, USA), is present. NMR
spectroscopic analyses of the mechanism of interaction between
YOYO-1 and dsDNA have shown that the intercalation of YOYO-1

30 results in a localized decondensation of the dsDNA helix by 106°
generating an overall helical repeat of 13 base pairg as opposed
to the normal 10 base pair helical repeat in non-condensed B
conformation dsDNA [J. Biomolec. Struct. and Dynamics 16, 205-222
(1998) 1.
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30 consecutive two base pair nmutation (underlined) at am no acid positions
506 and 507 at which the wild-type sense strand sequence CAT was changed
to ACT. S¥qQuene®dsfor the sense strand of SEQ I D NO 3 was: PET;LIB‘GZMQZ#&C CAT
TAA AGA AAA TAT ACT CIT TGG TGT TTC 35 CTA TGA TGA ATA TA-3' -49 WO

Séé”épyc?#%ﬁ%é?e%@ éﬂ&iﬁ%ﬁ%ﬁﬂﬁ%&% %%@2%%5%%; ’
CA- 3" SEZFIPBEINGS, i esD-inom eeoant 0 dsDNe drgetn setpidrc € ibsosdengesal to
w1 d-tYPArdAngets S8 S0FQ(L D tg%'g;nl)ﬂe%c%gﬁqth%f %edconsec%fq eg%gé ?es\%%}fgh

pai r mut at| on (uTTd'érI ed) aci p05| iohs~ 5
the wil d(Exgredisems8966r arﬁhr%@ﬁmﬂzeBmywasmeharag&ﬂ purAﬁﬁSedSé:queHEBCf or

the sen LD 0,5 - CAC CAT

CT SI' TG T %I @%{1 C% Rgﬁg)isTcﬁp A%&l\@}AC% era%relnc f o9 % r‘fﬁeég s‘f’?ﬁﬁd of
SEQ | D N@akathsit FBTAPATD GAF GAB AGGEoA&E CACaGAA2AGEr&HAaTAY AFTLhETT
TAA TGG T 5 I wa 47 ner dsDNA t ar get nce
i denti cal 0 V\n‘ﬁldr%ypg%t%ar g%et IS%A gé I D ?\K?]i) e]f(lggept sf\‘o&r &l consé%]gﬁ
three baslelgmucld%:bteidm véemhc&:xaetmllxkgd tir e®IHjOt 8 at coapenoratidnposi ii ons
507 and a} which the wild-type sense strand sequence CITT is del eted.
20 Sequ nce (fLr the sense strand of SEQ ID NO 5 was: 5 -TGG CAC CAT TAA AGA
AAR TAT CAT .Sequerldds A6 THE sERAcTEGArdGA AFA the 3vildqueneetdoget hBNA
anti sensgsﬁj ﬁj}%cgf )%%%'-D NG 5 was: 51-TAT ATT CAT CAT AGG AAA CAC CA .

. A TG 5 AA TGG TGC CA-3' Probe No. 1 was a 15-mer ssDNA
probe desi-gras tQade cz-xrﬁrrpl'lemel VAGPONHANTENTATY CaTa IETuct@»t iTer segoment

of the s @fnhs rﬁ%na%}%} %&_ef}g_-gpr wild-type target DNA (SEQ ID NO 1),
over |l apping a ‘Ab itt'ons 505 to 510 [Nature 380, 207
Sequence for the antisense strand of the wild-type target
15 DNA (SEQ ID NO:1) was:
5'-TAT ATT CAT CAT AGG ARAA CAC CAA AGA TGA TAT TTIT
CTT TAA TGG TGC CA-3!
SEQ ID NO:2 was a 50-mer mutant dsDNA target sequence
identical to wild-type target DNA (SEQ ID NO:1) except for a one
20 base pair mutation (underlined) at amino acid position 507 at
which the wild-type sense strand sequence CAT was changed to CGT.
Sequence for the sense strand of SEQ ID NO:2 was:
5'-TGG CAC CAT TAA AGA AAA TAT CGT CIT TGG TGT TIC
CTA TGA TGA ATA TA-37
25 Sequence for the antisense strand of SEQ ID NO:2 was:
5'-TAT ATT CAT CAT AGG AAA CAC CAA AGA (CGA TAT TIT
CTT 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
30 consecutive two base pair mutation (underlined) at amino acid
positions 506 and 507 at which the wild-type sense strand
gsequence CAT was changed to ACT.
Sequence for the sense strand of SEQ ID NO:3 was:
5'-TGG CAC CAT TAA AGA AAA TAT ACT CTT TGG TGT TIC
35 c¢TA TGA TGA ATA TA-3!
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30 (1996)]. The chirality of the probe was opposite or antiparallel to
that of the sense strand in the target. Probe No. 1 was synthesized on a
DNA synt hweiozae305purified by HPLC, and di ssol ved in ddH2@catiBae/01972
concentration of 1 pnole/l. Sequence for Probe No. 1 was: 35 5 -CAC CAA

AGA TGA TAT- 3.~ / 0] 0 1972 T yhridi zati on reaction
m xture (1203??(1%@0%%%%% %gég %of%%%g&%rg%ﬁferﬁﬁ arlg%tgd"é‘ﬁ\m, 6
prnol es &' SHENA ATBbeCAT0. AT TBEGNMASD0 aMof CAhe BNA i rdEA calar or T¥OYO 1

(Mol ecul @ Pfﬁgesm@u?]%]% &R@,USA). The reaction m xtures were incubated

5 at roomtenperature or 5 mnutes, placed into a quartz cuvette,
i rradi at ed wi$EQ adDPar§ont i ormd agersbewn havicagta dsBivel ergidetof sdg8ense and

nogi t or e d fluorescent , egj ssi a t erature increased

WEh £ ALY Y s i P (B P 6T MRt Bhert & of 1 he

sanpl es aeerEe Ak bohi Buetk Byase sod 1 mamet aiohdm ol hedle + 2hped at gt eapt abeapiaced

directly jnt,o each npl e, L mum fl uorescent intensities were otted as

a funct%bodn&o * rg%pesr%gt a9t (I\)/?B%(J]eaép sqmpf aﬁé?yi”el&&%y@ﬁesfrﬁslel ugl:rﬁ?‘gs

t hat t heduuyhest FATovraescgmngeditensad@es were achi eved when the wil d-type

50- mer non-denat ured ) DNA target. sequence, (SEQ I D NO 1) was reacted

with the 15- %erq%%rﬁ\ﬁ %%gc}werls r%tfﬁafg!é ?% %E&?E%tl\%‘e%m"é%%‘tures bel ow

65C, tHe Tre®f Che S50Amer TwA d-AGrpe ASHONATATSDNAGSSONA corgd exBesT Wered

f or med, a th ILntercalator YOYO-1. As the tenperature

i ncrease bgl\clcgzg6g%:’Atmg§&%sDNA conpl exes 20 converted to ssDNA: ssDNA

conpl exes. ClSs=gbancéOMRA ties @il esdmse | dd ol esEMAr T | NOF £368s -

efficient|ly.in b t S co xe I ontrast, inconpletel

conpl emgjlnt“a#przgﬁg aﬁ‘g%t a?‘j@‘& g%%ﬁi n%%}l\ongAéenéﬁéti ﬁ&—ca nT%ﬁat EﬁT( SEQ

| D NO 2 crPr atred NorGe 1)Te@ ammsecutive 2 bp mismatch (SEQ I D NO 3 + Probe
1), a 25 nsecutive 3 bp msmatch (SEQ ID NO 4 + Probe No. 1) and a 3

Blgsdel etion ( ﬁ% @5 +“ﬁ'38b@ I\/ﬁf'”ﬁrrﬁ%@d@%@%u&%tseq&emce

i nt ensi tidasnt hedl webe Wi l1%-t34% OlPagandDRR% (smgerimt NGOC) andept’%or’ 950

92% and 91% | ower at 65C, respectively, than that observed with th
per f ect ISP Ched’S & E2SEFPgir1 ?¥%ﬁ??ofm Lcated by thatle dotsy at

amino acid positions 507 and 508 at which the wild-type sense
strand sequence CTT is deleted.

20 Sequence for the sense strand of SEQ ID NO:5 was:
5'-TGG CAC CAT TAA AGA AAA TAT CAT . . . TGG TGT TTIC
CTA TGA TGA ATA TaA-3!

Sequence for the antisense strand of SEQ ID NO:5 was:
5'"-TAT ATT CAT CAT AGG AAA CAC CA . . . A TGA TAT TTIT

25 CTT TAA TGG TGC CA-3!

Probe No. 1 was a 15-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the sense
strand of the 50-mer wild-type target DNA (SEQ ID NO:1),
overlapping amino acid positions 505 to 510 [Nature 380, 207

30 (1996)]1. The chirality of the probe was opposite or antiparallel
to that of the sense strand in the target. Probe No. 1 was
synthesized on a DNA synthesizer, purified by HPLC, and dissolved
in ddH,0 at a concentration of 1 pmole/ul.

Sequence for Probe No. 1 was:

35 5'-CAC CAA AGA TGA TAT-3'
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30 sanpl es conprising 50-ner dsDNA targets plus 500 nM YOYO-1 exhibited
| evel s of fluorescence which were at or below the I evel of fluorescence
obser ved wotoR/180Bp m smat ched conpl exes at 30C (data not pshasm)e197mhe | evel
of fluorescence emtted by the ssDNA probe No. 1 plus 500 nM YOYO 1 sanpl e

ﬁ’iipéfig%g'%j %%@gzﬁaﬁgﬁﬂé%i?%%%g%:g%ﬁh?iﬁﬁ%b%i @é&m - Fp "
egree FEMI nab i bmopesween tapgetecisDét, c ses rprobe
R S o nglgl ot tﬁl%ffq 5 ﬂ{@edf‘ reak@gs agh g‘vcélﬂil%ﬁ al

dsDNA: ssDNA st r'uct ure. UOr'escen ensi
bp m sndtkgPesn ﬁlﬂﬁl&m%&mﬂﬁﬁ) a iy mesowtoh mimitméa’s hperlel Bhéabavede

40 632 t bt d b th t tch (Fi
46 té?t o X térrpera urég‘{laﬁ) Pﬁiﬁ Rott a y Cle%(s;fl]f1 C? u%n?‘é‘gﬁﬁ %Ieg

At any given ar act'er’ tlc BV
em t t ed dyeddsh cgmmaeinamgl rmmi:horaard @\tgoril drenanbbsewas edambl habehgee@ 5

Yoro 1. A ees " e oo B i “BaRiChnttlo "o FreRaTY: G beFiReREcent
per f ect leyniscdmpt eaenttdmey mwxmnw\ toopkexed andh fmﬁe,comhalawlngaﬁe@p, 2
denat ur StBNe oA g S: EhEERar ke et uieh o1 HaF FrEbFFRoreEtent
i he ensi t%clami usimng aa BNAtwdeeendanxbﬂgealgeﬂémpssé)bké\rer opesbandplaced
possess g AL ST TR e PORCBLE GLRCORCGRES TARGRPLLLRE ] HFFS
di ff er el @B esnreaald nurteniper aiﬂjrtesapemﬂés -frear essdDNA spalee Sarald, 2 rer
oo i To BTSSR, GULIED, Ry PurLl o0 AUt 0, 2. 2hove
concent dattiemrs idficl prdeeAbhiSEQI | hND thevad 1d -5§peer 0 dadNmbnr gehaseai@nce
FFom 309 0D S0 SR or (THo BrLd B P BT rRe Wrt e (506 1arBer DNA
( SEQ | D=NONg) P\Me Blo-. GAGE €A AT GAC AR CAGLTEEMBATa ClCe3CeT&F T,
the T, of the 50-mer wild-type dsDNA, dsDNA:ssDNA complexes were
formed, enhanced by the DNA intercalator YOYO-1. As the
temperature increased above 65°C, the dsDNA:ssDNA complexes
20 converted to ssDNA:ssDNA complexes. Clearly YOYO-1 was able to
intercalate and fluoresce efficiently in both types of complexes.
In contrast, incompletely complementary probe and target
combinations generating a 1 bp mismatch (SEQ ID NO:2 + Probe No.
1), a consecutive 2 bp mismatch (SEQ ID NO:3 + Probe No. 1), a
25 consecutive 3 bp mismatch (SEQ ID NO:4 + Probe No. 1) and a 3 bp
deletion (SEQ ID NO:5 + Probe No. 1) resulted in fluorescent
intensities that were 57%, 94%, 97% and 98% lower at 30°C, and
47%, 79%, 92% and 91% lower at 65°C, respectively, than that
observed with the perfectly matched sequences (Fig. 1). Control
30 samples comprising 50-mer dsDNA targets plus 500 nM YOYO-1
exhibited levels of fluorescence which were at or below the level
of fluorescence observed with 3 bp mismatched complexes at 30°C
(data not shown). The level of fluorescence emitted by the ssDNA
Probe No. 1 plus 500 nM YOYO-1 sample was identical to that
35 emitted by YOYO-1 alone (data not shown). As the temperature
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30 CTA CGA TGA CTC TG 3" Sequence for the antisense strand of the wld-type
target DNA (SEQ ID NG 6) was: 5'-CAG AGT CAT CGI AGG ACA CAC CAG AGA TGA

CAG TGT WOGIGASTGG TGC TC-3' -52 WD 02/ 103051 PCT/ | BO2/ ®@C97MB02BEQY2 D NO 7
was a 50-nmer nutant dsDNA target sequence identical to SEQ ID NO 6, except

for a ongdaseffi Hygdat Q8 ( rl'%ﬁ_dé F nse siran
sequence CTC was cﬁanged %'?)OCCT‘LIﬂqg ée en%e #o%?%grggggé%?fgan%ég‘f'g%t ant
SEQ | D ROrfsms matg:h Gad Che LAFe@EiIACN EAELTaR=CAFCcEET=da5 BT GTCivETA

ves: | 51 ARG AT GOl RN Eal AR AR TeR Bat Tt 48 cre rea s

TGC TC FhesEQUAT NG B twaknteergoitiers muthaievets DNA 4 at gap rsijsmme, adenbpcal )
SEQ | . .

th8 sende S A Sequetoa CAT s LhaRad t SOy opsVERGUaREe ToF (HeL

sense staEhB3 IaneanttISEQ HINQIE avased 15y -GS AT @A GACCIAGF GAC TGT CGT

CTC TGGARGT - TG 3 uence for the antisense . strapd of
mut ant SEQ |%‘I?%o grl\;AV/aeg‘GA g‘gi—m&%i@%mﬁ% AP AR AT TG AGRVEAA CAB TGT
20 CTG TCACRGEE CREC T @nBt t tSEQHyDeNO) camp laxb Gragemomit antddsDRA t Angesnd
sequence, . J dentical, 1,0 SEQ 1D .NOL.6,  exc f.or a one base pair nutation
(underli r?ééd), z]adtl%\?h]?ecﬁcﬁe”?%}a ésg}]lglgts S’raar{lcifgj(a%u}é%%res ‘CAT was changed to CITT.
250Sequence flire heessense ot tharedDVRA detentieBEQnEDadEn® , WASYO- b, - SAGWAS CAT

ant | sondo SEP kg SR AL CSEQTEINGES GhETCr e ETALS AGP RRF S AEES AOA CAC
CAG AGA cAGHh 1Gh@ritGy I BDNIPG SEONATEGMEBEXES 3nd those containing 1 bp, 2
bp or 3 bp mismatches or deletions, without the requirement for
prior denaturation of dsDNA targets.
15 Example 2
To ensure that the fluorescent intensity assay using a DNA
decondensing agent, ssDNA probes and non-denatured dsDNA targets,
would apply to probe and target DNAs possessing dramatically
different percent GC contents (and potentially different
20 annealing temperatures), new 15-mer ssDNA probes and 50-mer dsDNA
target sequences were synthesized, purified and annealed as
above. Both ssDNA probes and dsDNA targets were dissolved in
ddH,0 at a concentration of 1 pmole/ul.
SEQ ID NO:6 was a 50-mer dsDNA target sequence modified from

25 SEQ ID NO:1, wherein the percent GC content was changed from 30%
to 52%.

Sequence for the sense strand of the wild-type target DNA
(SEQ ID NO:6) was:
5'-GAG CAC CAT GAC AGA CAC TGT CAT CTIC TGG TGT GTC

30 CTA CGA TGA CTC TG-3!

Sequence for the antisense strand of the wild-type target
DNA (SEQ ID NO:6) was: ‘
5'-CAG AGT CAT CGT AGGE ACA CAC CAG AGA TGA CAG TGT
CcTG TCA TGG TGC TC-3!
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SEQ I D NO 10 was a 50-mer nutant dsDNA target sequence identical to SEQ ID
NGO 6, except for a one base pair nutation (underlined), at which the sense
strand sew0enae3oSITC was changed to CCC. 35 Sequence for tPrha/1B&/mer2strand
of mutant SEQ ID NGO 10 was: -53 V\D 02/103051 PCT/1B02/01972 5'-GAG CAC

CAT GAC AGA f
th-e- ant i 'sb\ensgé)ését-rrSnD-dqgﬁ-cf en:uctq’aa-rl;t SE I ﬁb ﬁb% JW%%E%T %%%H g or
ACA CAC enicpelrGro CAEQTEP NO'G T cmxcr@s: TG@ET@- SineSE@sk@ Nalilmwaet aon

50- ner nmﬁgérpﬁ% tafyg e,; %eﬂs%e%tt' %%ﬁi %8 Iégc exg1 t%ﬁfggr a

one base pair nutation I| ne Sefise stran
CTC was eha®Eed 10 to CGC Sequence for the sense strand of nut ant SEQ I D

NOs11 was: 5g % T g%GC g CTA CGA TGA
CTC TG 3 Seque%ce chéA gﬁe %tc? sense %rggn-do of AU AT ntcang_ ?g\%h:ﬂ 1?2415 was:
5' - CAG AGT-@XY C@CAGGAT\CAG@AC G2 CGRTGATEAG TBT CIG TaedCE&EF@eC FCe3'

SEQ I D Nzl 2 <¥@§  dsDNA target sequence identical to SEQID
NO 6, except for a consecutlve Wo base pair 20 nutation (underlined), at

whi ch the ser&eeqlsememcfcseq@en@et@efénmsstraad fl ot AGT. SERe e Noe 7f wast he

AT oTe oA %%angiEggﬁTg%%’?fc% 3 é%% sgé-gA C@ﬁToﬁ%m@m& 351?

stPand FTGUtEPAR JET | PO, 1PC- ?Was CAG AGI CAT CGI AGG ACA CAC CAG AGA
Sequence. nodi T12d a0 7 bm G0 b a@E% WEFEr: (FePfhr darosee SoRTEAT Cuas
changed ¥d¢emiical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CAT was changed
to CGT.
15 Sequence for the sense strand of mutant SEQ ID NO:8 was:
'-GAG CAC CAT GAC AGA CAC TGT CGT CTC TGG TGT GTC
CTA CGA TGA C(CTC TGE-3!
Sequence for the antisense strand of mutant SEQ ID NO:8 was:
-CAG AGT CAT CGT AGG ACA CAC CAG AGA CGA CAG TGT
20 CTG TCA TGG TGC TC-3!

SEQ ID NO:9 was a b50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CAT was changed
to CTT.

25 Sequence for the sense strand of mutant SEQ ID NO:9 was:
5'-GAG CAC CAT GAC AGA CAC TGT CIT CTC TGG TGT @GTC
CTA CGA TGA CTC TG-3!
Sequence for the antisense strand of mutant SEQ ID NO:92 was:
-CAG AGT CAT CGT AGG ACA CAC CAG AGA AGA CAG TGT
30 CTG TCA TGG TGC TC-3!

SEQ ID NO:10 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a one base pair mutation
(underlined), at which the sense strand sequence CTC was changed
to CCC.

35 Sequence for the sense strand of mutant SEQ ID NO:10 was:
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30%to 72% Sequence for the sense strand of the wild-type target DNA (SEQ
I D NO 13) was: 5'-GAG CAC CCT CCC AGG CAC GGTI CGTI CCC TGG TGC GAC 35 CTC
CGA CGA GEo0T@®?51 - 54 WO 02/ 103051 PCT/ 1 B02/ 01972 SequeneeTfImz/(nhez

anti sense strand of the wild-type target DNA (SEQ ID N013) was: -

GCT CGT s0GaA3G di& Chker CAGRERA JE@A iz TGy @AI denn 2 toT%| Q ' D

NG 14 was a 50-ner nmutant dsDNA target sequence
except fOP a @fe BEFe &G MEation (underlined), at which the sense

it ant SEO 1D RB Ir st Thos AR R éﬁ*ﬁcﬁéﬁ%g&%%@?%é&@%’fm
GAC CTEECA CGA GCG TG 3' Sequence for the antisense strand of nmutant SEQ
| Os NO 14, C GA T 1

GOA GO0 TONC T SECTD NOTTs vas a A0 mec ot GHE dEBRA (&gt CSequiide
|de32|r?::§Inng§)'JEEQ IWQ\IOTtE:e éS(bg?p‘t for a consecugl ve two base galezl t(r)ru;\_alt_grl on
(Z(I;nSequence for t\lgg g\erbnslte]'L S %gn $6aﬂgan?nq%%%ccl D %a%argg% gs SEAG'CAC
Cﬁl gﬁ?llﬁ@sttGMEttlfﬂzA$EQC¢D 'NGGGI'G(BXS&@t CiGCr CE&ACOEA HEEE Tix B¢ Begathor for
Lhe antaapanstian ol QL FEOL BN B sk Bk B BAE (51, 1,008 AO0

sEONA prt@bél‘gjbsi gned to be conpletely conplenentary to a 15 nucl eoti de
segnment of t Q 0-1re | d-t ype SEQ 1D
NG 6). The 3 ra |t§é%1§ﬁ‘tdeh Jer%o esscm%%n%p%%osrlg tea}/rgcr éP‘fé glﬁ%r@\mje# 1%’ 1 hat

of 5'-GAG CAC CAT GAC AGA CAC TGT CAT CGC TGG TGT GTC
CTA CGA TGA CTC TG-3!

Sequence for the antisense strand of mutant SEQ ID NO:11
15 was:
-CAG AGT CAT CGT AGG ACA CAC CAG CGA TGA CAG TGT
CTG TCA TGG TeGC TC-3!
SEQ ID NO:12 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:6, except for a consecutive two base pair
20 mutation (underlined), at which the sense strand sequence CAT was
changed to ACT.
Sequence for the sense stpand of mutant SEQ ID NO:12 was:
5'-GAG CAC CAT GAC AGA CAC TGT ACT CTC TGG TGT GTC
CTA CGA TGA CTC TG-3'!
25 Sequence for the antisense strand of mutant SEQ ID NO:12
was : .
-CAG AGT CAT CGT AGG ACA CAC CAG AGA GTA CAG TGT
CTG TCA TGG TGC TC-3!
SEQ ID NO:13 was a 50-mer dsDNA target sequence modified
30 from SEQ ID NO:1, wherein the percent GC content was changed from
30% to 72%.
Sequence for the sense strand of the wild-type target DNA
(SEQ ID NO:13) was:
5'-GAG CAC CCT CCC AGG CAC GGT CGT CCC TGG TGC GAC
35 CcTC CGA CGA GCG TG-3!
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the sense strand in the target. Sequence for Probe No. 2 was: 5'-CAC CAG
AGA TGA CAG 3' Probe No. 3 was a 15-ner ssDNA probe designed to be 35
conpl et elwomonpdostrent ary to a 15 nucl eoti de segnent of theC¥aRe197255 WO
02/103051 PCT/1B02/01972 strand of the 50-mer wild-type target DNA (SEQ ID

NO13). The sdhisalddyest the b gtz@ew@a WhAd & AT AN LPREALYSL Lo Lhat of

the sense strand in the targ equence for
GGA CGA [B8c BEIHE NYDr1 3 zm-‘ﬁon assay conditions were |dent| caI to that

descri begh jdndEx e &g V\h%éh é’%sD%gro No~n & (}A%EQ %%3 ﬁ&.@”t)

was reacted with the 5 -mer wld-type ds t arget
mut ant o STONA G&F 9GS (SEET | PR B and SEQ | D NO: 12), dsDNA: ssDNA corrpl exes

wege fornmed d ot S under n-denaturing.,cqndi tions . 2A)
Whi'l e perfect y ngﬁtacﬁi%)%%% eggsmggct@evedttgg ﬁceas]igeftl %?é ]gﬁ?
i nt ensi tidentigrlonyb eSEQyIDcU@plléne&meptcdmﬁ ex esnam lbek\sea gabp wmisavich

(SEQ I D nd a_cans cutlve 2

NO 12 + gg(%rjﬁbl{&ﬂz’) prglghced UETE cer%% ntdeﬁ§qtu|e£‘§et ﬁgﬁ Wﬁ?e‘%@%ﬁ%ﬂd
95% | owe¥Q CATespectively, than that observed with the perfectly matched
sequences at A).. e incre , gr adual

br eakdown of %19% dﬁlﬁ%ggr ec%e?rrﬁexg occ Myt a%%g %ﬁf% i M3 shed
fLQor esc—’e'n{GAmt e@lZSGZt | €sTanddesAGH sorAdr nGGTonCAhret ween pEyd ecrearat ghcand
t he basecqg@ ' e? ByTn(g very little difference in fluorescence
was seen etween pe ec (Fy tThed sequences and those containing base
pai r m smat chEsyydtiaqe £3A) th2b Sitnideardey, siraridieopr aseane GEQYQO 10:14
dsDNA: s \ conpl exes were forned when the ssDNA Probe No. 3 (possessing a

73% GC content) was reacted with the correspondi ng 50-nmer wild-type dsDNA
target (SEQAD NX13)camd meEcantAcis DNACG argets €86Q Ra N@ckd anck SEC:¢D

) (%S?D 1éét;§)r%<tbc§n é,(pt (g%; es for a 1 bp 30 m smat ched DNA conpl ex

SEQ ID NO.lS was a 50-mer  mutant dsDNA target sequence
identical to SEQ ID NO:13, except for a consecutive two base pair
mutation (underlined), at which the sense strand sequence CGT was
changed to ATT.

20 Sequence for the sense strand of mutant SEQ ID NO:15 was:
'-GAG CAC CCT CCC AGGE CAC GGT ATT CCC TGG TGC CGAC
CTC CGA CGA @GCG TG-3!

Sequence for the antisense strand of mutant SEQ ID NO:15
was:

25 5'-CAC GCT CGT CGG AGG TCG CAC CAG GGA ATA CCG TGC
~ CIG GGA GGG TGC TC-3!

Probe No. 2 was a 1l5-mer ssDNA probe designed to be
completely complementary to a 15 nucleotide segment of the sense
strand of the 50-mer wild-type target DNA (SEQ ID NO:6). The

30 chirality of the probe was opposite or antiparallel to that of
the sense strand in the target.

Sequence for Probe No. 2 was:
5'-CAC CAG AGA TGA CAG-3!

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

35 completely complementary to a 15 nucleotide segment of the sense
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consecutive 2 bp m smatched DNA conplex (SEQ ID NO 15 + Probe No. 3) were
48% and 64% | ower, respectively, than that obtained by the perfectly

mat ched swouwenedwst at 30C (Fig. 2B). Fluorescence of all eamaBexoidecr eased
as the tenperature increased from30C -56 WO 02/103051 PCT/1B02/01972 to

85C, indgg e,ef i
br eakdown. fl&I?{;Maﬁ)g gggwgp ?%gdﬁvg@g\% en'?ﬂgij %}% ngﬁopiggp §H8
dsDNA t afg¥alivyer 1thas pabbe twasf ampqs:aiee ats DAL fsDINAL Telpt @xthbt  of

formati ophundef 000 depat L i ngecgggggtons to allow accurate discrimnation
bet ween perfect?y conp errent ary sequences and those containing 1 or 2 bp

nut ati ons. Ex@aglence Ther nexebexiapl 2swaek| denonstrate the specificity of

the 10 gssgxcutéA zi di re condensi ng agents to pronote and
stabilize conple df;or(lgrr'(gzl}l o(frjlég\n tﬁén([)]‘?\lmdenatur ed dsDNA targets and ssDNA-F

probes. Pr obeTl\b hybyadizatbonermsmatyi parralitelorss DNAcgr Dbent tleat | cal thhe

Probe Nog t ttached fluorescein noiety at 15 the 5
posi tion. e%}c?%ﬁ&ﬁblﬁ F g‘%}syn hesi zed on a DNA synt hesi zer, purified by

HPLC, and di s@bﬁmedhen HIMPO arohe cchem r(atiican =f 51% poo eééntesetqpewag for
rptrag(t:)'ta [ gﬁr m4xt Ur e J(%&) %3 QLEearl r%i:;l 12{53% rjféchgf:i (%ry%:ir I&g) 1%“16 r §Bg
d$PNA, 4nphahiesdeiNA' tan‘gejm ey Lo amalaa(hmis@[ﬂ@ Roolve : ha.) ,4dsbRArNEDNA
Tris- HCL, ‘ngtfg B wrg %grmglto 12]?3 reaction m xtures wer e
i ncubat ed room errpera Fre 92 f%?mﬁeﬁ%wre%\n RO BPPOPEBQFIHF&IPQU on
25 of dSWdi’aI@%S (FSgnpl xxs) Wermkmmeﬂerﬂéothyqufaltbhe@JVlmﬂAecomp[L_éﬁétsat ed
For 1 ucr S are et B On SARR ek AT FFObr cCRERES R Bisi  1-08BECEF PO at
a wavel engtibl ehed2brnyortpibexedrivisilom wabel ehgudt tar (SEQAreITrisn + Phebe
kg%gpghg%%oioﬁ eagorESC%géngnlsaégg)nus Jé% t%%E%?I% &%ﬂ%&lgnngbe No.
2) produced fluorescent intensities that were 63% and 95% lower,
respectively, than that observed with the perfectly matched
sequences at 30°C (Fig. 2A). As the temperature increased, the
gradual breakdown of the dsDNA:ssDNA complex occurred, resulting

20 in diminished fluorescent intensities and less discrimination
between perfect match and the base pair mismatches. By 85°C,
very little difference in fluorescence was seen between perfectly
matched sequences and those containing base pair mismatches (Fig.
21) .

25 Similarly, in the presence of YOYO-1, dsDNA:ssDNA complexes
were formed when the ssDNA Probe No. 3 (possessing a 73% GC
content) was reacted with the corresponding 50-mer wild-type
dsDNA target (SEQ ID NO:13) and mutant dsDNA targets (SEQ ID
NO:14 and SEQ ID NO:15). The fluorescent intensities for a 1 bp

30 mismatched DNA complex (SEQ ID NO:14 + Probe No. 3) and a
consecutive 2 bp mismatched DNA complex (SEQ ID NO:15 + Probe No.

3) were 48% and 64% lower, respectively, than that obtained by
the perfectly matched segquences at 30°C (Fig. 2B). Fluorescence

of all samples decreased as the temperature increased from 30°C
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In the absence of NaCl or presence of 10 mMMor 25 mM NaCl, no binding
between the dsDNA targets and the antiparallel ssDNA-F probe was detected
(dat a notwehemedost - 57 WO 02/ 103051 PCT/ 1 B02/ 01972 After &CI/TR@UAI1972

i ncubation in the presence of 50 nM NaCl, dsDNA: ssDNA-F conpl exes

consi st ifg g¥fo PerifiRetd - G .al e ces, (: | D_NQ: | rob :
4) fornmed readil yl, resu J=ti ng fe;aﬁ%giié%egieglpggsg P%§Egﬁgr%g§)e%§ﬁlg£n:‘ %%ﬁ%&b
i nt ensi tSPEParkkkeakiemhat emtted by the control Probe No. 4 (|abel ed

SsDNA-F) (Fi g S i e nt.ary..ds . SSDNA- F
conpl exes conteﬁa:‘%%lgj%s ﬁ%ﬁq’% #e:rcnhgﬁgtr@é% %%E% 'ﬁ%%ecgl% Slgrrb)'cgT PRGOS 4514

yi el ded DN tdarTastsse YOYG{luokesebde &mi £scahitatendsDNA : ssDPAr edmpbek hat
exhi bi t g, he P 4 : le...1Q The presence of 75 100
mVi and 12'5ﬁyrﬁ\ifill. h?l%%tljr:lgnorrl ecg%%go%lrﬁ?iggfj e délLI'l“,%(()D MFesut? ed it I%%?’ég%%ﬂt
em ssi orfligsarighinat ioondietwesn wehfstghyf | centl enmmirdisy obegoepkex and

formati Egg { fect ey . SEQ ID NO 1 target and
anti par g;:}}%% ro ealltﬁ%.lé)i],r Ogér:ldé )s&?gm%}%%n?qsy' | ess quenchi ng when the 1 bp
G T 15 dxamplehedl SEQ ID NO,:2 2 target and Probe No. 4 were present,

producing simlar fluorescent intensities to that observed in the presence
of 50 mMV NadTHelatexinoexshphay. wiked demonsovraltenttheatdpens,f whitgh &f eckaown

con i e facLlitate C | ex formation between
o0 GonsrEbh e fPaRlRs REfEeb vk Qo PR e, Aot Sk T | 29
sSDNA predizdsilitze aldupi ecelficalnlag idinf fdt@nhbat-denahet-e8edspRAf egtdy¥ts and

conpl en@gﬁﬁ_%os};%uences and those containing a single 1 bp msmatch.
The reacti1on occurred at roomtenperature within 1 hour of incubation at a

rati o of probRrdle thr get wefs B016emer FheiphrdiDNA taDpgRtsrebd 53EMNAI aDbe

used in.thi xanpl e cont ai ned, 33% GC cant ent nd did not contain
horopur i'iTe %?oe%eo %yr?meﬁlcﬁgg %gr (Elfagh@é'l cﬁct e L IHEDrEERE ?F 6
p¥®i mi dithes basges pdsittaraper sedrwbéhi Not hes 15vamiclsgeitihge isaNAcpr obe, DNA

dsDNA: ssDNA NPl f di ' ifi . 30
Exanpl o RPEHUATY ¢ RAETHES | Rbr 80K FACont P50 Kty 1 fdhtsel o

5' - f | uoreesoeint tahiede o S SDNMuglrehels. and non- denat ured dsDNA
Sequence for Probe No. 4 was:
5'-Flu-CAC CAA AGA TGA TAT-3!

20 The hybridization reaction mixture (40 ul) contained the
following: 0.4 pmoles of target dsDNA, 4 pmoles of 5’-
fluorescein labeled ssDNA Probe No. 4, 10 mM Tris-HCl, pH 7.5,
and 10 mM to 125 mM NaCl. The reaction mixtures were incubated
at room temperature (21°C) for 1 hour, without prior denaturation

25 of dsDNA targets. 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 maximum
fluorescent intensities occurred at a wavelength of 525 nm, the
emission wavelength for fluorescein. The intensity of

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

In the absence of NaCl or presence of 10 mM or 25 mM NaCl,
no binding between the dsDNA targets and the antiparallel ssDNA-F

probe was detected (data not shown) .
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targets in the presence of DNA condensi ng agents such as cati ons,

apply to probe and target DNAs possessing dramatically 35 differ

woul d
ent percent

GC cont erw® ogasdspotentially different -58 WO 02/103051 PCT/IB&RAHSTR1I72

anneal i ng preferences), 15-ner ssDNA-F probes and 50- mer dsDNA

t ar get

sequences (Wi ryi ng ont ent s nth ed
and anneal ed %ﬁtéélzo%eﬂ é‘%ﬁ?% %b:g%s %%%VS %sﬁﬁﬁcfeargets V%P;Puﬁa&
di ssol vedrDPYA (B H  goopdexetsr a¢q>mml$ﬁln§ dfprpdeiasdtlPr cbepNemebtamg a

a1 ached 1 Phar aceor ool St DORt. “t hEoke o ¢ oho P &atuEred  Thr Pr

ﬁﬁithad an

was: 10i15 aF4%’GiﬁDIEﬁE¢&¥nTE$u6méB6énPreMeston61mBsnalﬁ§ ﬁempared to

A Tached tTuor Seeera nbi B0y arhEPRl EPORECRG o (ZaRRERReoPBIR b

bbLFRB: 6

was: 1535! -Fl tBYCA@O@A@a@@A CGACEEletellye asspjenpathaynedsDNAExsDPher3
were fac |t|o 0 novale n the_reactjon
m xt ur eséértl%fé}?specf%l C|rfl§1%fa f hg’pass %? {?%Eé g‘)'rgrﬁon@d uFFngi Hg-

di val ent4) catieddsd( mstl&z%d décmasealmtfta@reseénto epiicmitan CONperyiLH

&2 cont oL BRI Giisibiie Foo A sotore b e e

f &Pl owi ng: O. ".Elhqs)rrph:ese@f:et aofet7sdsiflA, 1popmatiesarad 525 friMioNgSTeiim Iabél ed

or 5,nMt

30 m WS 5o T T S0 TR ager terhd™ PAREEPER=Rte Cos ey S PheibaPed
at room ¢@ngpbstanr evi(t2d @i drmirf i darto wmounitishoft cpiibdexd€BahatabhoBe Bfie @8 DNA

targets. Saqgl
argon ion S

fluorescgemt d@ni ssndn.siBrel feodmnny f Uueéesq:@é‘ttclhiﬁ§nsmdrﬁs theccur

e ke o HavED It h Gr°48E RRaRERDATEOTEN FoRS0

bed atra
The

el engt h of t e n wavel enqgth f fl uorescein.
in}tgensngfgl ! oc}egggn nﬁés? LS | Petedro e No.' 4 ere present,

producing similar fluorescent intensities to that observed in the

presence of 50 mM NaCl (data not shown).

Use of monovalent cations, which are known DNA condensing

agents, facilitated DNA complex formation between non-denatured

20 dsDNA targets and fluorescently labeled antiparallel

ssDNA

probes, to allow reliable differentiation between perfectly

complementary DNA seguences and those containing a single 1 bp

mismatch. The reaction occurred at room temperature within 1

hour of incubation at a ratio of probe to target of 10 to

1. The

25 dsDNA targets and ssDNA probe used in this example contained a

33% GC content, and did not contain homopurine or homopyr

imidine

stretches of DNA. Despite the presence of 6 pyrimidine bases

interspersed within the 15 nucleotide ssDNA probe, dsDNA:ssDNA

complexes formed readily in a sequence specific manner.

30 Example 4

To ensure that the fluorescent intensity assay, which used

35

5/-fluorescein labeled ssDNA probes and non-denatured dsDNA
targets in the presence of DNA condensing agents such as cations,
would apply to probe and target DNAs possessing dramatically
different percent GC contents (and potentially different
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as a function of wavel ength for each sanple anal yzed. Wen the ssDNA-F
Probe No. 5 (with a 53% GC content) was 35 incubated with the 50-ner

wi | d-t ypewosDhesosar get (SEQ ID NO 6) -59 WD 02/ 103051 PCPCTBB/@YR72 and
mut ant dsDNA targets (SEQID NO 7 to SEQ ID NO 12) in the presence of 10
MV MhC1 231 gsDNA, sDNA: Xes W f d [OQ E e r
non-denatrhri ng c%ndi ti%ﬁggg%)lef e:sLS\pl)\@r%?eg%F];ﬁnaE?&rg e&érﬁ%ﬁ%@%ﬁ% %ggﬁged
t he naxithifdelecreegecnees f(witlescearyingenpetyefn 48% deoncasesihf twera 1

hourinCé%t}gg' ; t : I 2S - E_conpl exe taining a l
bp T-G i s%ﬂz?%@ﬂﬁ%ﬁta%%gggé%g %%‘g\ﬁbe O?Bf %ﬁ%@g‘s@eﬁf SBed

i nt ensi t3°4 A#DWast 2096t Dvieere hdhsshavedbser ddd, i ath #r cbecdbtrstiahoné
after a1 Me}%fpbati on (Fig. 4). dsDNA: ssDNA-F 10 conpl exes t hat
resulted in a 1 'bp GT msmatch (SEQ 1D NO.8 + Probe No. 5), al bp T-T
m smat ch ( SERThAN®. 5 Meghe N6-mE), aatiparplCeA sESNAt phopSEQIER:NEE10 +

Pr obe cops jye.. 2 A-Gand CT.msmatch (SEQID NO 12 +
Pr obe %o g%rﬁg‘?eﬁ%r I 2 ?ggébgt abi g%[%aann t%apcglr?%gfwoﬁ?% Jelaqﬂgfﬁgé’los@%NA- F
conpl ex {IBEQ 100 tIN@16. + Probe No. 5) yielding fluorescent intensities in

bet ween t hat r gbe . al one and that observed for the
SREAR o e le, £le

perfectly nat conplex not shown). Except for the 1 bp T-T
ni-Snat ¢ He'd- HoDNFR G s NG F A3l B viER@+B was the |east stable (resulting in

only a 5% de edn f rescent 20 intensity.atter hour), all of the
ot her ni smat g%lg%%l\l\b&&p céoyrvp Se%eggégﬁgr gfl&&p\%rﬁ%lgﬁﬁﬁgﬁpﬁ PE8¥’8$&§ﬁPtlcalf
i nt ensi tiesPr@dn yNot he dsBhBtsIDNAsKE conpleadisl Eoundetanesia dobpt & At
m smat ct kgeﬁE%Qhaﬁ%O%ﬂoi 1& + Probe No. 5) yielded a fluorescent intensity

| ower produced by the perfectly matched dsDNA: ssDNA- F conpl ex
25 (data not Sdmver)ce Ther iBdsidan. of s oM Mgd 2 or 20 "M MnCl 2 or 20 MM

j O 2 sa.facilit : SSDPNA compl ex formati on when the ssDNA-F
llgl!rL(g)Jbe N(;aé %](Lbodggéesg;ﬁg ?%IOAA)@ co (lf:%_n‘?to) was reacted with the
cor r espondi ngrisd- amsaws | et fpemdd DNA Faregell o SEQdrA2 NRdB) 1 ek B0bywut nat
dsDNA target, (SEQ LD NO 14) for 1 hour (data not shown). As expected, the
per f ect Iﬁﬁ?%%%ésﬂﬂﬁ?ggéﬁﬂgFC@(gﬁﬁn&e%n gﬁﬁefﬁf’lgglf%‘e “Hé% ‘declB8ses
in fluorgseenfiditensi tohe Wiida®r was further examined utilizing divalent
cations (instead of monovalent cations) to promote complex
20 formation with dsDNA targets and ssDNA-F probes possessing

various percent GC contents.

The hybridization reaction mixture (40 pl) contained the

following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl1, pH 7.5, and 5 mM
25 to 30 mM MnCl, or 5 mM to 30 mM MgCl, or 5 mM to 30 mM NiCl,. The

reaction mixtures wére incubated at room temperature (21°C) for
1 hour, without prior denaturation of dsDNA targets. Samples
were placed into a quartz cuvette, irradiated with an argon ion
laser beam having a wavelength of 488 nm and wmonitored for
30 fluorescent emission. The maximum fluorescent intensities
occurred at a wavelength of 525 nm, the emission wavelength for
fluorescein. The intensity of fluorescent emission was plotted
as a function of wavelength for each sample analyzed.
When the ssDNA-F Probe No. 5 (with a 53% GC content) was
35 incubated with the 50-mer wild-type dsDNA target (SEQ ID NO:6)
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the less stable 1 bp A-C m smatched dsDNA: ssDNA-F conpl exes (SEQ ID NO 14
+ Probe No. 6) produced internediate |evels of 35 fluorescence (data not
shown) . -WO o921 103051 PCT/ 1 BO2/ 01972 Perfectly mat chesdCagaBiA1sRDNA- F
conpl exes (possessing a 33% GC content) (SEQ ID NO 1 + Probe No. 4) forned

read |y g Rufiant Naubchn b cBresenge of 0 SMLINCLS gesylLing 10 @ 877%

decrease in fluorescent inténsit npar e Pro 4
5 al one REResngotos oM Mhess rcmm(ﬂsmfﬁ‘tq:@mslevm@ \lmengalglormed at

f f : !
nravor A f o %f%ﬁd%”pbgﬁe&eﬂﬂ%hﬁ?@ Zlaé's]ediq% nos’pescence g

(SEQIDN02+Proe Inanin
conpar ecPﬁmfGtQ%E‘tY d&ﬁgmh@ﬁ IWA Pr@nzeledoes 4y B¢ ahed ( dae amanuhumhcﬁm:@reaé@ in

Regar dl t d t

P ohes, TR bR A o ramrerEtete FE A RoRy T30y
pr onot ecﬂds DNAs s s BINADLE oMol s : eisiiAi-Gn - aovgelrexmmn - cdnuaininggacandmp iDAs, to
al | ow aggurate. di ?§ﬁbm@?ti@n bgrt V\fro']oe pﬁrfeq} I ypgo%{ﬁlgggent a %/%%ﬁ%u%%ces

and those containing 1 5 mut at’i ons. | ex
formati olmtaaswytsf |t|ha£<amﬂ 93 laner 4haer ehper bbsmﬁednwlihh prebenge. 05 one

the 20 Faabi ey of %t b 2SO SRETHYont 117 1o 1 f or SOV S-DBbt hoen

pépfect Jrdres=anthdt bpesidtratiches a . dsNA:- E‘SENAmad:@EIIpI(@E@S Dmem 8 +
For et | GOty 57, o Fh 7 SaBL LR T GFD (RONATY GoREaPnetot el 28
f ol | owi rig:br0 CArApnmIsemt@ih t(ﬂE@et[DdsIDNAp 4 pm)beSNof 5 - aﬁﬁuar@@@@@@u&.ﬁhel ed
VhCL2. " The Tt 5t 18R 1o UPetbiert CysE bR &2 oghoPerar ot Lrest2 18} 1f o

1 hour, lgsheutabir ohandEhatmﬁfe@u:ﬂ}@fmact&Dlwkltdmmmgsmm esmpeee psroed

50,2, a0, Suiets: Ler okt sdmbiNoen gen.ion | aser beamiaving o

of fl uoresneree thias pletetretdsoa Puobéiwo. o albmed eyl BRhat observed for

the perfectly matched DNA complex (data not shown). Except for

the 1 bp T-T mismatched dsDNA:ssDNA-F complex, which was the

least stable (resulting in only a 5% decrease in fluorescent

20 intensity after 1 hour), all of the other mismatched DNA

complexes generated very similar fluorescent intensities. Only

the dsDNA:ssDNA-F complex that contained a 1 bp G-A mismatch (SEQ

ID NO:11 + Probe No. 5) yielded a fluorescent intensity lower

than that produced by the perfectly matched dsDNA:ssDNA-F complex

25 (data not shown).

The inclusion of 20 mM MgCl, or 20 mM MnCl, or 20 wmM NicCl,

also facilitated dsDNA:ssDNA-F complex formation when the ssDNA-F

Probe No. 6 (possessing a 73% GC content) was reacted with the

corresponding 50-mer wild-type dsDNA target (SEQ ID NO:13) and

30 mutant dsDNA target (SEQ ID NO:14) for 1 hour (data not shown).

As expected, the perfectly matched dsDNA:ssDNA-F complexes

generated the maxim%m decreases in fluorescent intensity, while

the less stable 1 bp A-C mismatched dsDNA:ssDNA-F complexes (SEQ

ID NO: 14 + Probe No. 6) produced intermediate levelgs of

35 fluorescence (data not shown).
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for each sanple analyzed. Wen the antiparallel ssDNA-F Probe No. 6 (with a
73% GC 35 content) was incubated for 1 hour with the 50-nmer wld-type
dsDNA - 6wowD1@ds103051 PCT/ 1 B02/ 01972 target (SEQ | D NOPLI)Boa01bTRE
presence of 20 mM MyCl2 and 20 nM MCl2, perfectly conplementary

o ey ESPEBLENP SO AT . SN Uy IRNPT AL A TR0 0ggg case

in fluorescence conpare to that em tte
These rdet FORtENELNGFEQORB MRr & hi @hbyeuﬁbavébalﬁbem{adr resDNAys sDNALR 1

| exeoyth t t LD NQ 14 +,Probe No.
(r:ggﬁl tei(ﬁlg |%\ 253%?%; u%%?%ﬁe ﬁ?lpfjrfo‘rﬁéﬁ’:%%@ Ci}e(sgggeélgt &%t Faf oggggvgﬁewlth

Probe No6f EorrsqHity. 15ns Mey yoaripa Fed trcesuhatts emigrteedlitainretemien the

sage sa n 1 [ epce of 10

and 10 ey Rrersoses " ERiT) e ' HaA s PHARACROROSHEaR) HeY
addi t i onpfasorab Myl AsdNR :radDNIEL 2ompd eixesuthici eontarbnedilanw (b@anex
formati ng Nt P I S F Pro

targetsor?e%ﬁée%\@ﬁ o%lilitfw:l[19 ltqb %o%r% P%Cﬁ%ﬁtl b fﬁgyi&i%}? §ﬁ0\?ﬁ) 1nf§e9\ﬁ8ﬂ t he
ant i par af }edresGpued qzrrm:aad\b to} thaitt bbae38edGsy Boobend. wasliomeulhased
wth the, I%E%IF)E dsDNA target (SEQ ID NO 1) or mutant dsDNA targets (SEQ

I D NO 2 and NG 3), in the presence of 10 nM Mgd 2 and 10 mM MhC12,
miAi mal DNA chepreXled®roht tha WC@Meraﬁecbc(rdmm: n:b)f shewdpDNA Howeyvet s

i ncubat i [ t se[ MhCl 2 for ] r
facili ta%q QSBI% e@?ﬁﬂpég %A =34 %ﬁ‘s SE’F]Bb%E’!\}g §
conpl ex M@*Fmam a¥, 2 agremdedceijsmiémjmg%dmpleasefolmatmdmr@s@@aﬁt non—
intensit V. red t o,_t hat . obht ai ned Probe No. F

ds DNA: ss%f\{%)%%lﬁ I%?(rés 2t ek %aOWnaﬁguﬁagg 91@3*?1??1151&&%81(% %%E@e?%
NO 2 + PreabEedoly 4):00!p1@n&nmaryde!seQuenc(a§EQridD Mao3et+ Ponbeilongd)l wepe

vi/gy unsxﬁ%%e in the presence of 15 MM Md 2 and 15 mM MhCl2, yielding a

tion
decrease THh°"F1 uorescence and a 5% increase in fl uor escence,

respectibrgdngple conpared to that emtted by Probe No. 4 alone (Fig. SB) 30
Treatment wt MG nd 20. nM WMhC12 for 1 hour 8%
a 48% and a @“ %%%l D%S]S]ng ?ﬁﬂ?é?ﬁe%{hﬁm?ﬁOlﬁe??ﬁéft’?ylnn%f‘éﬁ@ges 3 &n
dsDNA: ssD\NkeFecpapfexmed dnd tflos os&bAnese DHA- bneorphexesf monovalent or
divalent cation. The next Examples will demonstrate the
20 reliability of the assay of the invention to differentiate
between perfect matches and 1 bp mismatches in dsDNA:ssDNA
complexes when combinations of divalent cations were used as
promoting agents for complex formation.
The hybridization reaction mixture (40 pl) contained the
25 following: 0.4 pmoles of target dsDNA, 4 pmoles of 5'-
fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5, and 5 mM
to 20 mM each of MgCl, and MncCl,. The reaction mixtures were
incubated at room temperature (21°C) for 1 hour, without prior
denaturation of dsDNA targets. Samples were placed into a quartz
30 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.
When the antiparallel ssDNA-F Probe No. 6 (with a 73% GC
35 content) was incubated for 1 hour with the 50-mer wild-type dsDNA
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containing a 1 bp GT msmatch or a 3 bp deletion, respectively, conpared
to that observed with Probe No. 4 alone (data not 35 shown). -62 WO

02/ 103051wWB@tnodeL/ 01972 As illustrated in Fig. 5C in thecpnBexner of 10

nmM Mgd 2 and 10 nmM MhC121 t he dsDNA: ssDNA- F conpl exes possessing a 53% GC

cont ent tad'i%ectong@ i P8 R@rig thy %Q{galgj%gﬁr%% Q r% +
Probe No q T-G m?smatch &%Q&E%ééfbé %Sejnrgbf{at ed
f 1 uor eséBHiLair r@%ﬁ%‘?w W@ﬁﬂmtﬁmdsDNAnsabﬁhrqumem @eG&O/EanrdeQO%
| ower, [SpeCld )y, ddd 4 eg (Al

al one. V\hene&’he argl % %ﬁs%til%(%: Pro i‘e%\%@ %[E l?%@ /&EGCP r(I:I%a]fent)

was i ncisattéwmts cﬁrmllttlrﬂﬂlrbm R1phehNG0-real and d(E‘yg;)e SBDNA THOs¢ argatt{SEQ | D

NG 6) i drhe i BRence, of > A0 Mirhé

conpl enent ary éﬁ%(ilA DRI}AQEW mggégggﬂ%el%e w vessssﬁe c%{%ﬁ)}exes

gener at ithpta Cm%a:ﬁétﬁtbaasel b A @om&ﬂemm (SEQpaDeNOt b4thaPrebda|Haed6by

Probe Nq: s%lac! ) st DNA ENA l.exes that

cont ai ne lggée#g %5 %psﬁgﬁxﬁt§§ﬂ J%D ﬁdl %S mpggg%e)r% r’r‘ﬁl&%tl ess

st abl e |Qbadxefqumelsﬂndefqh‘e N5 . M6l Bjon2 drdgl5ShiM. I\/h‘vtéﬁy yieliUhngrasdibee
decreaseﬂ f r r t emtted r qbe No al one

af ter IlhOlj)rﬂeléﬁLc atl Ce% %%gpga% Sggﬁom art aEB}&?E‘E%Ni‘?E 1clg?r]f)¥e%<%s

t hét resﬁhet @drasrermelotfplct} TﬁMnﬂgﬁM andg SEIQHMZ)MNOLL& o2 A Prmodbelgdd., &hd 851 bp

CAms SE 0 be 5 o I

NO: 11 S rg\ﬁ“c( Qd*?‘)lg é’* 86”%1 ecult\ﬁ\l/ee de%:pt:oné o%d“'%[ ‘?%9”8%@ C:f‘l(ggléﬁg?l D

NO 12 +MPrhe wds iBgufibieiaht bochalless sombplext tﬁalr.’rmabeoperﬁeemtée;n nmethe hed

DNA co ( t-a, jnot ) en_Prob ni 530 cC 2

cont ent ;g?ﬂl\ﬁgé)arrgaglc Tl R ﬁg"\ﬁ Pﬁ\/\gﬁANfar gegtalgéQaﬂé) %é@h atﬁn 5" %33%
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the presence of 10 mM MgCl, and 10 mM MnCl,, minimal DNA complex
formation was observed (data not shown). However, incubation in

20 the presence of 15 mM MgCl, and 15 mM MnCl, for 1 hour facilitated
perfectly matched dsDNA:ssDNA-F (SEQ ID NO:1 + Probe No. 4)
complex formation, as evidenced by the 49% decrease in
fluorescent intensity observed, compared to that obtained by
Probe No. 4 (Fig. 5B). dsDNA:ssDNA-F complexes that resulted in

25 a 1 bp G-T mismatch (SEQ ID NO:2 + Probe No. 4) or a 3 bp
deletion (SEQ ID NO:3 + Probe No. 4) were very unstable in the
presence of 15 mM MgCl, and 15 mM MnCl,, yielding a 2% decrease in
fluorescence and a 5% increase in fluorescence, respectively,
compared to that emitted by Probe No. 4 alone (Fig. 35B).

30 Treatment with 20 mM MgCl, and 20 mM MnCl, for 1 hour, resulted in
a 68%, a 48% and a 6% reduction in fluorescence for perfectly
matched dsDNA:ssDNA-F complexes, and for dsDNA:ssDNA-F complexes
containing a 1 bp G-T mismatch or a 3 bp deletion, respectively,

compared to that observed with Probe No. 4 alone (data not

35 shown) .
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di val ent cations (on their own or in conbination), pronoted DNA conpl ex
formati on between dsDNA targets and fluorescently-| abel ed 35 ssDNA probes,
possessi godeaomsi cal |y different percent GC -63 WO 02/ 10808802/01972

PCT/ 1 B02/ 01972 contents, to allow accurate and reliable discrimnation

bet ween perfggct.l Ly _seguences .and _t hose caont aini various 1
bp nutati ons. lz%lpl e g %%S%E)igs ! O B EF FHE9S to%t 28 IB@% Tna
readi |y #or mMatMnGloem tlenpdeBNar esBNRRFN dompileteas pdssasabadi an 5o e
generate 1.SSions af.t sane l.evel .of intensity for _hours.
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over ti To-exam ne the.r of formati.on, stability and rate_of

di gassogﬁ%ti gsn) o%gdgﬁ\%%%ﬁ%%r ce%mg e G48S héhedseiPe bf hour
condensi hogcagenien sticht asecat 68asantli 2ex towese exppetoRntiyvywetBapethaened.
The hybr L dj I reaction. mxture. (40 | ontained the 15 followng: 0.4
pnol es o%rgin%t%%%ce}%tﬁ?% ?%lr%%lfag%ﬂ%érﬁb%)rg? ESg Ot°B®:f| uorescei n | abel ed
sSDNA probe, WiemMthei snHGCbarpl1215,ssmind FLOPMBMTH2 and wi@ e M3 2acThe
reaction m res wer.e incubated at. roomt rature (21C) for various
peri ods ?ggrl]%%rrl]gf V‘farsorﬁrfﬁaﬁiﬁcg f[%g g hgeF s"f’légﬁ g et WBd L GuPes drphes
wéfe 20 phaged (8EQ aDquE:te) clivethe, presadiat ed Qe an MGCAN AIDONS | 8N

| aser b aving.a wavel ength of 488 nm and nitored for fluorescen

eni ssi oﬁ@n u’r’tlﬁ%?f??g@}"e% e E&tﬁ%ﬂﬁﬁpg‘\?ﬁgﬁA‘Fa‘R%rﬂp FXERYLENECEHFDI es
a;ter ﬁlmUerftfimﬂ&dthyef : aseerakhingdiat i7(4:%, c@éc(:ji:@@sé n](ciirQaEEGOi:éfQBén(:Ei ]9
6) . The_ intensity of.2 or escence wa Qtted as a function of tine for
each sanp& 355 I%‘Eeghagh@#ﬁfo"?eéﬁg&ﬁc%réﬁtygd By 8@@0&%@@5' By
conpri si agnrapnpl DR : suhi -No. cSmpl éiged 0 tMMIESRL aDHed 0 M Myl 2T - &0

t absence of target_ dsDNA dramatically decreased 3-fold within 30 just
SErgh nut e@l%f’ai?%uggaﬁtgb o Mt +n8FggﬁoNﬂ) , gén‘&elf?léﬁl%q 5 ytagde iRebihat a

nuch sl opessénde Mt nmt hegoextadewshewr sud{dii,9. vi6Mindhks164f @etrugseef er
1nI horescence'comhared to that emitted by Probe No. 5 alone
to as "Cat oni ¢ Quench". This
after a 1 hour incubation (Fig. 5D). Similarly, dsDNA:ssDNA-F
complexes that resulted in a 1 bp G-T mismatch (SEQ ID NO:8 +
20 Probe No. 5), a 1 bp C-A mismatch (SEQ ID NO:10 + Probe No. 5),
a 1 bp G-A mismatch (SEQ ID NO:11 + Probe No. 5) and a
consecutive 2 bp A-G and C-T mismatch (SEQ ID NO:12 + Probe No.
5) were all much less stable than the perfectly matched DNA
complex (data not shown). When Probe No. 5 (containing a 53% GC
25 content) was reacted with the dsDNA target SEQ ID NO:3
(containing a 33% GC content), a 3% increase in fluorescence wasg
observed compared to that obtained by Probe No. 5 alone (Fig. -
5D), indicative of no DNA complex formation. This result was
expected considering this probe and target combination would
30 result in a 5 bp mismatch.
Collectively, Examples 3, 4 and 5 demonstrated that the
addition of condensing agents such as monovalent cations or
divalent cations (on their own or in combination), promoted DNA

complex formation between dsDNA targets and fluorescently-labeled

35 ssDNA probes, possessing dramatically different percent GC
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i nhibition of fluorescence, associated wth increased incubation periods
of ssDNA-F probes with specific cations, occurred -64 WO 02/103051

PCT/ 1 BO2/W09Z203050Ut i nely in the presence of dival ent catiPemaBodIb72n0t N
the presence of nonoval ent cations (data not shown). This observation

makes evigentnthe g—{i&pcgc&rwéug '9315h§1§h§?g%%lm{r%§%8‘&n§?§%’e8f1 an

experinment under exact he sane condit1ons

exper i wé?ﬁr%@@tlnemmﬂem@maw sedumicap ehdadiosss DNALE iadnr obrdangl e
after v%glﬁgtg@{é ds of incubation inhibited further quenching of the
fluorophore, resulfing in a steady |evel of fluorescence thereafter (Fig.
6A) Thlfs&ifml@_Lwas entirely unanticipated. 10 Wien the anti parall el
SsDNA-F Probe No. 5 was incubated with the 50-ner wld-type dsDNA target
(SEQ I D NQO 6) D@Nﬁhﬁﬂﬁl‘@sem@leﬁeslﬂiamw&édabﬁ YI@IGJT-M M&kﬁly form at
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progres lﬂeom@&q:emt cemueiodtn®fat hehe ogamel lé’vebeof\lolnEeﬁEngy 68). hoGespl ex

formati at di cated, after 3Q and .60 tes ncubat i on of
SEQ I D %&gggme)?%gw %%n’:%bnlggl nOPRE pPEsdncdiisima %i 10
|\m0121 q%lmm$¢@ﬂa 5’5@@1@ W edese easet | nlnclﬂ.::.d:@ﬂfﬁﬁge@hﬁﬁ saﬁépE@{reyebyl
are hi eved the, 20 cationi ca uenched Probe No. .5 al one

CRIpar ekl 8 e GERLONSY et iR ol Pt e TERES D OBSrRaE4Pn 0 M
I\/gCI 2 ar&ttallﬁ)llITM Matli2 rame m:ﬁrpdifsafsswﬁat@anv\@f DN S gl edofibl gxe6B) .
The ﬁ% mef fll u%rescegt eni ssion sg at 90 and 120 m nutes was wholly
attri buta T o A& BES Sﬁ%"eqa nch™ ??%ﬁ’?‘g(‘ﬁﬁ% EYgyés Cﬁgl@ﬂsanﬁl@%)
By cont rasiysel siiffesizidied warep|mxesSodted. contained a 1 bp T-G mismatch
(SEQ ID NG 7 rnmed at, a slower rate were nuch | ess

stabl e once f%k?%egyﬁﬁl\lgﬁéaéwgeﬁ&?%l% TVFEWERD 54 gnzﬂgo Traered ¥he 1

bpsT- G nﬁcsmadmhegj conpd emokbss fof Stndh- @@ﬁ@tﬁiﬁ@da&éﬁgesodﬁbmu es pholes
i ncubat i o 1a ear ed t? ga e_. been_elimnat ed after m nut es of
i ncubat i o g “g%sc%if&e a Ei?ﬂ, SERNA PERESwas Yart ﬁjél?la‘f"r%q: t PEhé-S:

conpl erreiﬁcaryostrmvanwt;a:n drie dopk®X Mddy.. 6Clhe reaction mixtures were
incubated at room temperature (21°C) for various periods ranging
from 1 minute to 2 hours. Following incubation, samples were
20 placed into a gquartz cuvette, irradiated once with an argon ion
laser beam having a wavelength of 488 nm and monitored for
fluorescent emission. Further fluorescent measurements were

taken of the same samples after subsequent multiple laser

irradiation, at the indicated times (Fig. 6). The intensity of
25 fluorescence was plotted as a function of time for each sample
analyzed.

The fluorescence emitted by control samples comprising 4
pmoles of Probe No. 5 plus 10 mM MgCl, and 10 mM MnCl,, in the
absence of target dsDNA, dramaticaliy decreased 3-fold within

30 just 5 minutes of incubation (data not shown), and then steadily
declined at a much slower rate within the next few hours (Fig.
6A) . This effect we refer to as "Cationic Quench". This
inhibition of fluorescence, associated with increased incubation

periods of ssDNA-F probes with specific cations, occurred
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Mul tiple laser irradiation of perfectly conplenentary 35 dsDNA: ssDNA-F
conplexes (SEQ ID NO 6 + Probe No. 5) forned after -65 WD 02/103051

PCT/ 1 BO2/W09Z20861 m nutes or 60 m nutes of incubation in ProgIpexaerce of 10
mm MCl2 and 10 mM MhCl2 resulted in fluorescent em ssions consistent

w th thefestiHctipn t | exes. a characteristic . for, DNA
conpl exes cont aicyt]i n gfr%ea ?%%S%%%&%s%%%b‘tég‘fﬁf’gg' StDE%) .%(Tﬁhelnrli a£he
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m nut es . i epe i rradjated.thereaft ) . In
this caslg{ct%%%%g%r ceiglgg%qt{eeﬁo s?ﬁ“l%%hv?éfs %gfe ngglﬁ??st Sht 1?Léewi lr:ﬂu?jﬁ%pBl)’ore’
dest r uctdesnuldfinché ncanpterdy (&gl GB)Elueresddmuughhefrestther ¢BRLGONER) .

guench P vg}%g ltiply . jrradiated after a 15 mnute

i ncubat ﬁfglr%,sr ﬁ%gs% zi'?&fsy in %n%—ht%dﬁt%ftgl.c% t.eO?DsDNA: SsDNA- F conpl exes

coft ai ni ng a Whehp theGamtspatral 1€FECEDER - R(P7obe ®be& Nas hhcubaeediwitharly

appar ent/ 18 .oy . 20 |.tiple |asin [ ) -\ An_experinment was

per f or rr;%%t gﬁ%e eg%/Sn'glnggtW%asslﬂsmPotralﬁeet g%é(gc?[) ol}%:h?ﬂ t 1Pl éﬁ? BT 7TEBRSt he

conpl exes 10 masMounchndato mneMncl.gsO«mNA meDNRrR @adtielet of bheat eaat i on
t he i.nhj biti on, of catiaoni,c quench in

251 uo S AT ST { SATB) (1o SUBRASE pPED-COtNELHDt BETrrebd Pand
further eatiesriec quenciilubtesoén@ecurwhipdn fuwsd hess |deediadt onthahr ovgey
DyTa yelt TR o GHe BUSREmOE SPBMr Ly 1SS Munin (F1s HoBLONA F
probes \emelk ditdedhitod heas epodddny Mudid£eadi £hcdad beand | esedihut e,
robe, 15 SUBSERISHE Fogiics il SB35 Mot PaGER P Swit bBSePEERenHRoRT
further linmewbaigadn ahdt be mraeicD)) Bexictaeinst BONGkYand 61% decrease in
fluorescence, respectively, compared to that achieved by the
20 cationically quenched Probe No. 5 alone (Fig. 6B). After 90 and
120 minutes of incubation in the presence of 10 mM MgCl, and 10
mM MnCl,, no complex formation was being signaled (Fig. 6B). The
level of fluorescent emission seen at 90 and 120 minutes was
wholly attributable to the cationic quench effect (compare Figs.
25 6A and 6B).
By contrast, dsDNA:ssDNA-F complexes that contained a 1 bp
T-G mismatch (SEQ ID NO:7 + Probe No. 5) formed at a slower rate
and were much less stable once formed in the presence of 10 mM
MgCl, and 10 mM MnCl,. The 1 bp T-G mismatched complex was first
30 observed after 30 minutes of incubation, and appeared to have
been eliminated after 60 minutes of incubation (Fig. 6C). Once
again, the probe was antiparallel to the complementary strand in
the duplex (Fig. 6QC).
Multiple laser irradiation of perfectly complementary

35 dsDNA:ssDNA-F complexes (SEQ ID NO:6 + Probe No. 5) formed after
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suggesting that the | ased cations were sonehow di sabled (data not 35
shown). -66 WD 02/ 103051 PCT/1B02/01972 Exanple 7 Exanples 1-6

denonst r awed2dedBA: SSDNA conpl ex formation in a sequencePSpaBIXiig72nanner
bet ween dsDNA targets and ssDNA probes facilitated by either DNA
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concent rg i, 2 2 pr.obe with
an attached%%ueo%tesfg:ggﬁgﬁg#lét Qf{z eaglﬁ%lg'lpégs |sglnng’de§| SHEG‘ offo B € We
cohpl et e¢§'tl¢mnﬂldgzouquenc]aed5vbﬂmusegmkmembdt fgy aﬂaasreuna\bﬂnﬁlézy@e pavpet
DNA  (SER, | DNOy Th ense strand_of Pro sid tlcal to
Pr obe NOEI%S 25 enﬁencg% %ér)fthcom e sfrdfa o ﬁg?

5 -Flu- Cﬁi@:érmmw&ﬁGtﬁﬁG;sérmncmatohecﬂheompﬂexe@sefcs:tmie&ndaﬂfeﬂmbe
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Es- HC]W:LPA_' Zh5 70 rth%QO g:\/lg% and 1 m\g\}? Q. e'I'he eaCquI on

m xtures e SPF n ST ST o8 ¢ e?%i?%%‘?%l For S4ri cUE pefioHg
further catlonic quench of Probe No. 5, when multiply irradiated
after a 15 minute incubation, was totally inhibited (Fig. 6A).
DsDNA:ssDNA-F complexes containing a 1 bp T-G mismatch (SEQ ID
NO:7 + Probe No. b5) were similarly apparently destroyed by

20 multiple lasing (Fig. 6C).

An experiment was performed to determine the basis for the
effect of multiple lasing on the complexes. It was found that
when fresh cations were added to the reaction mixture which had
been lased twice, the inhibition of cationic quench in

25 fluorescence emitted by the ssDNA-F probe could not be reversed
and further cationic quench did not occur wupon further
incubation, strongly suggesting that the ssDNA-F probe was
inactivated by multiple irradiation, by a yet unknown mechanism -
(data not shown). Similarly, when fresh ssDNA-F probes were

30 added to the reaction mixture which had been lased twice, after
normalizing for the increased fluorescent emission of the fresh
probe, no subsequent progregsive cationic quenching was observed
upon further incubation of the reaction mixture, strongly
suggesting that the lased cations were somehow disabled (data not

35 shown) .
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ranging from1l mnute to 2 hours. Follow ng incubation, sanples -67 WO
02/ 103051 PCT/1B02/ 01972 were placed into a quartz cuvette, irradiated
once w t hwan2aoyysn ion | aser beam havi ng a wavel engt h of P¢ggBormiared
nonitored for fluorescent em ssion. The intensity of fluorescence was

plotted g.ag,a d upction of time for each sanple analyzed. 5 The fluorescence
emtted by control sanples, conprising 4 pnoles of Probe No. 7 plus 90 mM

KClL in the abébgé@%] e l%z enpiRed t] 0 . .
t hroughout the 1 %n%t%eg&%rﬂ%%%a |0%J,i g%%ﬁ%é?%ﬁlgﬁt %é‘l%ﬁ%%}%cg?%@%%%on i
quenchi rfy ssfaugnc el SPRNA-LE 1 cpmebaewabe bweanr dsNA rt atwetpy esehceDdR phebes

monoval e G LiFl 91,4 0. ¥ « E _Probe No, 7, wag | bat ed
with the 5001- nerég%/\ﬁgl%)}teﬁ)@%thégggga%Bﬁ? DAR%E%"); %%8%%%%@%5 o
t abget (SEONA dyQiet)sing tdgerpresente aof mM@hovidlkEt, ods BikadebNAcEt tonpl exes
were forigd o] r e er _npn-denat uring conditions Lt hin
just 15 m nurt?%a}éE o%g%ﬁu %t‘?}c')#i a%)gaqg%alrl%i gg%dr?g? ] ?85@?918%26%%5;%&
(Fig. 7And Madengh disessnimation bEtdsBNA pésD tdogmp Inatah dibrardl inbphe
rrisrratctbq_q ' 5 DA xes was .Qbserved fter and 45 m nutes of
i ncubation 1n eg%r ese!;%éggpggéoﬁlﬁl' K ,esgeenee}?’";‘ar"ﬁplalnegs f"l’%@r e%&%‘ﬂthow the
i nt ensi tdpeEscidmt oferaatZ o, andh8 Yo ohowat rataspeatfi vebyhafdaeri o) mamdit eRe and

34% and o 20 re tively after 45 mnutes, than that emtted by

28 e NS on Phet RPEELIGELY Bl vl G o AREn S0 hhoREC

the dsDMXdsbNeF tbhapl exee coift aifivimegpent ectdtabndtithed sedluenses 6BEQ

I D NO : + Probe No. 7). 0 ] shat c SEQ ID . 7 + 25 Probe No.

7) prodlfgiesaaﬁ%%lrae%%%l}ltgﬁ n#sé%\%#t#%%ﬁ% h%?‘“%g?’ée%%/%%%lg 19% | ower ,
respectivel y @metedéhtatut esensend 3680 andt 14éntewel5-meespeebiinel yrabeer
45 m nutes, than that achi.eved, by.Probe 7 one (Fig. .7B). (A,s I
amount oF SATIORT Gt nW@?e?h%é/%sﬁ{IA‘:’l ﬁﬁﬁw 8%3%?’15‘2360%{190?2%&%?5&%&5
obServediriver tBgquizBlarnuteud@si rclibske otompl éhienpaegedtegohudeodi BEE and
20 MM Nadl_(Fig. 7B). hiss_m nipmal . cationi uench was caused by . the
“ncl us e HERSSS Al %6 CofBH b B, Sof G- b ATSienl groprEdiasarve
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KC1 and(&f&é@%&%&%étfﬁég6¥é¥gIéﬂégglved in ddH,0 at a concentration of 1
pmole/ul.

20 Probe No. 7 was a 15 bp dsDNA probe with an attached
fluorescein moiety at each 5’ position, designed to be completely
homologous to a 15 bp segment of the 50-mer wild-type target DNA
(SEQ ID NO:6). The antisense strand of Probe No. 7 was identical
to Probe No. 5.

25 Sequence for the gense strand of Probe No. 7 was:

5’ -Flu-CTG TCA TCT CTG GTG-3'
Sequence for the antisense strand of Probe No. 7 was:
5/ -Flu-CAC CAG AGA TGA CAG-3'
The hybridization reaction mixture (40 pl) contained the
30 following: 0.4 pmoles of A non-denatured target dsDNA, 4 pmoles
of 5’-fluorescein labeled dsDNA probe, 10 mM Tris-HCl, pH 7.5, 70
mM to 90 mM KCl1 and 0 mM to 20 mM NaCl. The reaction mixtures
were lncubated at room temperature (21°C) for various periods

ranging from 1 minute to 2 hours. Following incubation, samples
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35 pronoted perfectly matched dsDNA: dsDNA- F conpl ex formation -68 WO

02/ 103051 PCT/1B02/ 01972 between the wild-type dsDNA target (SEQ I D NO 6)
and dsDNAWB 02/3be No. 7, resulting in a decrease in fluoPeTaBoo1eTs ssi on
of 18% 48% and 34% after a 30 m nute, 45 mnute and 60 mnute
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s?gbi | i F‘LyerarIfldmrUa € of 'H 's:s‘%g‘gs'oc BT GEPRALHE DR %W@?Esp?5£%@¥n
t he pressdedfard Valbgninicaibitehed dheNRedeDNAR FCcabableras wesecbsdenddcal

Lo that deseribed ig Examele 7. except (hat KCIand, Nad_ves repl gged,w th
KCl, generating fluorescent intensities that were 27% and 3%
lower, respectively after 30 minutes, and 34% and 15% lower,

20 respectively after 45 minutes, than that emitted by Probe No. 7
alone (Fig. 7A).
In the presence of 70 mM KCl1 and 20 mM NaCl, the
dsDNA:dsDNA-F complexes containing perfectly matched sequences
(SEQ ID NO:6 + Probe No. 7) or a 1 bp mismatch (SEQ ID NO:7 +
25 Probe No. 7) produced fluorescent intensities that were 47% and
19% lower, respectively after 30 minutes, and 35% and 14% lower,
respectively after 45 minutes, than that achieved by Probe No. 7
alone (Fig. 7B). A small amount of cationic quench of the dsDNA-
F Probe No. 7 control sample was observed over the 120 minute
30 incubation in the presence of 70 mM KCl and 20 mM NaCl (Fig. 7B).
Thig minimal cationic quench was caused by the inclusion of NaCl,
which when present alone causes a similar progressive
fluorescence quench of Probe No. 7 (data not shown).
The presence of 80 mM KCl and 10 mM NaCl, preferentially
35 promoted perfectly matched dsDNA:dsDNA-F complex formation
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-69 WO 02/103051 PCT/1B02/01972 The control dsDNA-F Probe No. 7 sanple
exhi bited a progressive reduction in fluorescence wth increased tine of

i ncubat i owoioa/103081 pr esence of 30 mM MgCl, and 30 niM MhCl12PCFi1g02/01872) or 40
nmv MgC1l2 and 40 mM MhCl2 (Fig. 8B) . This cationic quench 5 was simlar to

t hat obsgsmed F b ' h of 2_and
10 v M o ey et het e B bpe Y TS 80 R) sl e B e
50-mer  RWORE tYpe BsDNPSubriRy {SEQ do-N$y inm fheopessenteenfsSlombE

MCl 2 angg 30 pivh My d2334’%$D§4;\£§§P'!Q'§o Cﬂﬁghﬁé f%”%i&fﬁ‘?é"a%n%"'edoe”r%' 10, af ter

60 minutes of rncubation resulting Tn a decréase in lor 8Scence WAt ¢h
was 13% reatiamharasieqiiomless coapeationd dheuidnciresfcaritee enntkel Byobe

Nos 7 (R 4% f tio eat i ndj cated_after, 45 m gutes
of i ncubalg? on o?rgggg%%ée@%ﬁﬂt %aﬁ%\gée%ko.acﬂfyslen '?Jﬁrﬁe%rggéﬁ(ie 7515 ‘30

MyCl 2 arfePrBocami 15 I igenerfit i bige anl 818 deci sasechad f | AoDWA c@HRNA - F
conpare eV the cationi | y -quenched Probe . 7. al one
(Fig. 8%&&&}5%% dgﬁﬁg Fﬁgo%}l'tgxeg ?k#gt%%cglﬁ(lfai ned 425 oyt mi %ﬂ%l\?ghcj(%%b I D
NO 7 + Frlopeudiout7)thel sotfigemedoahtent 60imiuiod eion aind tHe miredkeasecobt 80

i ncubat i } resen f mvi Mol 2. and .20 30 MC121 generating a
16% and %%@e%&gagg }%ﬁ[ ﬁ?gg(eggeﬁ‘é@@mﬁ%% e%ﬁzr%/eeﬁﬁwnylo"nﬁgr gd ? odpfRgton
athi evedibyf tueresattno® cakkyvedquenthethdyohd dhat cheal epap(kixgs Sépparéder
90 and ] nut Of | ion in t ese of 30 MM MgCl12 and 30 nmM
MhC12, ﬁ %%%m%%ﬁﬁtnéa‘?wo’gaﬁmﬁ%%éﬁ%gh& ] 'egfcf)ﬁ g. 8A). After 90 25

m nut es, the Tewsfafe fther tactnstonbsér wethowad entroldayt i catd ravnt add ektD t he

caLl on Cugveged SLLoEtoLE! 95 Wadi Uit eosnce, oL A0, M0CHZ. 20dyg0 TV
( SEQ | D dnfl e PriohendNoiorY) loetwedn bmot sdmtatul&sEQ dEDMNO 7t ar3Ot pr oded No.
rLProdueR LB ReE oA e LhBLer S L LoveL 200 e
M nut es,crandte/Y%obewer afd RodoYobogherhase espaiat i velapaafittdlond0 Wi Bl es,
than t hajeeatberd . 0.0 Qo) brdveneied Brobs 08 T.2" pne (Fl g,
between fully matched homologous duplex strands. The reaction
occurred at room temperature within relatively short incubation
20 periods of 15 minutes to 60 minutes at a ratio of probe to target
of 10 to 1. The dsDNA targets and dsDNA probe used in this
example were homologous, contained 53% GC content, and did not
contain homopurine or homopyrimidine stretches on any DNA strand.
The assay of the invention was able to identify perfectly matched
25 dsDNA sequences and those containing a pair of mismatched bases,
using dsDNA probes.
Example 8
The assays performed in Example 7 were facilitated by the
addition of monovalent cations in the reaction mixtures. This
30 example will demonstrate the rate Qf formation, stability and
rate of dissassociation of dsDNA:dsDNA complexes formed in the
presence of divalent cations. The reaction conditions were
identical to that described in Example 7, except that KCl1 and
NaCl was replaced with 30 mM to 40 mM each of MgCl, and MnCl,.

-69-



WO 02/ 103051 PCT/1B02/01972 m nutes of incubation in the presence of 40 nM
Mg, and 40 MM MCl2, no conplex formati on was being signaled (Fig. 8B).
The addi twor2a6308i val ent cations, such as MgQO 2 and Mhd 2PCTiBed/dip12at ed DNA
conpl ex formati on between non- denatured dsDNA 5 targets and

f I uor escent | ypiabel got AsDNA 35 bPoBL | O, accyr aé%rprrgiécr- L Pgd L R

bet ween perfectly matched honn o ous sequences and alnlng 1% bp
mut at i oI BIGareflyctbanl en héluomeeﬁncat ivgrehof ihoréadgdl Z iared MnCI 2

was requid&acd h 0 X d hat
required for 118{?%1e§?0§1?r%t O%QQ?Q% %EIE%\ W%@égs%ﬁl@%{@ o% é
f ormat i Gif)ofor tife s RIAL o SDIA 400l BEd, WeRics| GRer. Thisheapieséncguefich
di yal enty hap i he t iops. Oncg forned
t he di valaesfl?é%g??%% ?ﬁdﬁglea %\ﬁé\g (%N}ﬁ{(2 e@s%rs]e%r(r;roggaet@ “be sjt%b}? Sover
a shortéfrrﬁﬁem@e?ﬁ ol H%N@@rfpaadgl'ﬂheﬂvfr amnél@f (H‘J:grra@Abn stability and

rate of diss £l v%% o - SN dSPINA conpl, eﬁgé f.or ‘ﬁl%htg\g pcesence of

monoval ent an ent cations was examni ned Next on-
reacti owikdxtype ¢4DN) tangetnd@EChelT VO ofi ngn ohé pmlsemo@f d‘ﬁ)rB(?OnﬂVI

denat ur @ar p I e| _n Iabel ed dsDNA r.obe, 10
s et gﬁﬁﬁéw@&% R BRI s R R e ae MAFRR
ahd 30 rﬁﬁ’d‘mﬂ 20 Thenuneast ioh mrnduluaet&omereesumtmhgteﬂaata rdensmbamaerﬁhure

{noubat (on e AP At AR 8 PR & Qb Srklpesestorrp Barat Cohbce.

with an Caxegmhlcu"n thamnﬁmﬂm?mbmgﬁa wayv €F smngt ¢ Jof 4c8c&nmheﬁnﬂommioﬂed

f fl T t t f £l | ot
Funct 1 on st o F0, ER e ElhRa i B Purke Fredure s R o ek and
NaCl colsert r‘@itlmnBrdplmgeIﬂdaer? 30 \tﬂatehp?fésmﬁd’dgﬁfz 2N 8 MadL M@ 3 @ swakit ed

[ h f f t dsDNA- F Probe No. Fi g.
of5 Chat MECs v S SRS b {hiat COBEERTEA i WS BRI GOBMYPL nke

di val enttlat | anBiéFed. by) .tHe seet®ntballihenicnehesi oprabet ve. MmOnavahent

cations did, not,,gffecty tie, catignic quench of, thg,, 35 dsDNALE, probg by the
mismatch (SEQ ID NO:7 + Probe No. 7) also formed after 60 minutes
and 75 minutes of incubation in the presence of 30 mM MgCl, and

20 30 mM MnCl,, generating a 16% and 30% decrease in fluorescence,
respectively, compared to that achieved by the cationically
gquenched Probe No. 7 alone (Fig. 8A). After 90 and 120 minutes
of incubation in the presence of 30 mM MgCl, and 30 mM MnCl,, no
complex formation was being signaled (Fig. 8A). After 90

25 minutes, the 1level of fiuorescence observed was wholly
attributable to the cationic quench effect (Fig. 8a).

. In the presence of 40 mM MgCl, and 40 mM MnCl,, the

dsDNA:dsDNA-F complexes containing perfectly matched sequences
(SEQ ID NO:6 + Probe No. 7) or a 1 bp mismatch (SEQ ID NO:7 +

30 Probe No. 7) produced fluorescent intensities that were 17% lower
and 4% higher, respectively after 60 minutes, 36% and 22% lower,
respectively after 75 minutes, and 57% lower and 0.2 % higher,
respectively after 90 minutes, than that emitted by the
cationically quenched Probe No. 7 alone (Fig. 8B). After 120
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WO 02/ 103051 PCT/1B02/01972 When the dsDNA-F Probe No. 7 was incubated
with the 50-ner wild-type dsDNA target (SEQ ID NGO 6) and nutant dsDNA
target (SEQ2W®BOBO : 7) in the presence of 60 mM KC1, 20 ®drNB@/1920 niV
MyC12 and 30 mM MnCl2, dsDNA: dsDNA-F conpl exes were fornmed at room5

t enper atr g, wndlese non-gen 82LUh! 0g EARAL RS M LIy 4%% ﬁrg%m €80 Ol

i ncubati on and persisted | east m nut es Xi me
di scri mNH“éﬂz@nnﬁeﬁm@ﬂeﬁerfpé@ﬂtyOWBWétﬁe@eam siop leds rtitighe @Bds DNA: dsDNA- F

conpl exes wasrbseiyed; G t §F é@vaf‘é?téae%t]:ggsm Q:XJ%:&)S a%f bgkldof\}lhcl

generating fluorescent Intensities at "were and o'l OWer
respect i}l idfated 3ONAI e, ex3 880 et A6 YDt Wern mespelriateinedaf dePNAS

e R L R LR gk TR R

emtted by The cationica
pr esenc éigfcr7gnimg tdcn mwm\lae:rfeealma\med dronc @®gdifs shghkGt2s dhé

dsDNA: d t tl t ched. SE
NOLb - prabe N prEang ot Mell BACRELRE. ) D G aRRe ) e

pr oduced:qnqmrtasademnl wfenbotheMatiat aede MriTR) awds 1%éqnmered r éspectheel y
after 6Q4u 9 petlvel ft 5_mnute 22%
and 3% | ovver ngﬁescgﬂve%éhgf ﬂs{)ﬁxm nut B8, oz %%?4%%3%(1‘:56}”%6 e TOT

r é8pect itve )forafattepmm dsﬁNAessDNha@omphexashl éﬂl&d ayr et bé ﬁarmaﬁnoal by

N sG vRRt astiS el ke, 52 Pl ERATRS Brofored porRuitigeE

mat ched mﬂm En Z&lecmplsencfeoolfambnnvlaétaMenatlj]enw I d@:htyeefds:%lﬂ\

DNA F P f 0 120
Ena:lgtetes(o Rd | ncﬂg |0%QEJ The pengg{iﬁg Pgl?‘cﬁlé:’?@ster isﬁﬁ%lﬁnm 53 eXRsPe

generatataéomw\&sealshdﬁwmtpmmJ on of 27% 43% 29% and 52%
a&ger 0] m Jute, 75 mnute, 90 mnute and 120 mi nute 30 incubation,

r espect |‘\Té—"\—g?;conpar ed to the fluorescence emtted by the cationically
quenched ProbEheNaaté sénﬁbEmatlbhesgtabme:Stf Rl ra®@) of &ys@médsaﬁétlon

probe Not SPHhAS GER FRBFeCRent o oM bhi THE PFS AREE. FERB0hERa B0
‘i ncubat idivaTrerthecqtr senceaof edmBledMdil, 1BhaMhMNafi di 38 hdh My&h2e and 30
n1\/||\/hC12 xatsureevI ?28/9&? c_o7n%ained the following: 0.4 pmoles of non-
20 denatured target dsDNA, 4 pmoles of 5’-fluorescein labeled dsDNA
probe, 10 mM Tris-HCl, pH 7.5, 60 mM to 80 mM KCl, 10 mM to 20 mM
NaCl, 30 mM MgCl, and 30 mM MnCl,. The reaction mixtures were
incubated at room temperature (21°C) for various periods ranging
from 1 minute to 150 minutes. Following incubation, samples were
25 placed into a quartz cuvette, irradiated once 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 time for each sample analyzed.
The presence of various KCl and NaCl concentrations together
30 with 30 mM MgCl, and 30 mM MnCl, resulted in a cationic guench in
fluorescence of control dsDNA-F Probe No. 7 (Fig. 9) that was
very similar to that observed in the presence of only the
divalent cations (Fig. 8). It seems that the inclusion of the
monovalent cations did not affect the cationic guench of the

35 dsDNA-F probe by the divalent cations.
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WO 02/ 103051 PCT/1B02/ 01972 by the low 2% to 3% reduction in fluorescence
observed with these m smatched conpl exes conpared to that exhibited by the
cati oni cawby2qeesched Probe No. 7 (Fig. 9C). Mninmal 1 bpPCriiBetiietred
dsDNA: dsDNA- F conpl ex formation occurred after 120 5 m nutes of incubation,

resulting in % Cﬁﬁgg_'n oescen C a .0 that emtted b
the cati gni ca‘)lalliligl/ﬁr %ﬁgn{% e Piﬁoglégk%.ﬁgf ?h‘égﬁrgggﬁggggfi %’gf‘-‘% &@ﬁo%‘@ﬁ and
di val entVtatibrire Gt IHDNSES DRANOoAD| @xd frontant oisNA & afrastter SEat e

than did ywval cati | are r npLexes facilitated
by Dot h {ypEs b ot Sne Sera et 64 FOrd chigdr eMnEatHang) ok L a-d
conpl exed prifhotditChy eid=BBR HEidlal Fentcorgilieces omwediev alfermedc ati-ongoom

separ at e ¥mpMaXd g di Lmnat i en perfect| matched and 1 b
mi smat ched  ds DNA: ds[?%r?ii—éfcorrp ex%%%%%e%vogf%%ﬁ éf”&gﬁ'dbr jﬁsﬂfre ¥
i nt ervalMipugde pfesambadiidot Andoperalietedantbr davallentstcal 5onainutes
Ther ef or ysdHl 0gi ; ti.Qns .of Kd Nadl d IY&CI 2
pr ef erent?li? g Iyé‘?)a'ci Il\ﬁ%lajt eg g%‘nrgﬁxgiﬁjf%oafcﬁaq (lk)gr? twt?eecr\/vé)@ﬁ%%ﬂtl Farched and
honol ogolsorluplsme tshesh dsPNan dsPALES bompl exbe i 9 gsiise bas® g¥fidr 30, 45
recognitj.on. - l.e 10. s 3-6 demonstrated dsDNA: ss conpl ex
f or mat i oérlﬁclgnlﬁmgégg%ﬁcg%sﬁgéﬁglgéfﬁ%hr’%erneo%%mafémstcﬁrﬂ:eﬁgggﬁﬁlgg%
pi8bes fthal|went el hyaDAL6dntlensingrageatsisath astapnsvahentiter, 38%
di val ent t i ogs. nex X le-w LL. exanine the rate_of 25 fornation,
st abi | | ta;l/ﬁ%nggr"atlg OEF ’dijééaS %%?QY?JC% 8f a5 :s‘gﬁ%te%mﬁpéixe%? otEdLEn
t he preskwmeer of redpeauiveélpl efitecal Eonpinapes i dhag thasseastbgdabghange of
+3), whi i apable o condensi n . _The, hybrj di zation reaction
i xt ur e %%bi%i”)aéacor?%a fe el?%% Py ?gl??(l’bv\?n%é@?ﬂ Hdt egAgf non- denat ur ed
target dsDNA IR tpmwolmsesaicd'of I Tbmesaeln babeMedass DNAoprmbeycIL0aad 30
The reactjon m xtures _wer

! ubat a1 Bk o BRI SA B1 060} 620 41 DL R QUi TmrgvageF PO
m nute seqehons S(SHD| IDWOG i-n@idd n. FaNplres weby pligeedchnteea 173
VO 02/ 101\%(95} fcgnlréggz{qg]'g%% produced fluorescent intensities that were
17% and 1% lower, respectively after 60 minutes, 48% and 11%
lower, respectively after 75 minutes, 22% and 3% lower,
20 respectively after 90 minutes, and 34% and 2% lower, respectively
after 120 minutes, than that achieved by the cationically
quenched Probe No. 7 alone (Fig. 9B).
The presence of 80 mM KC1, 10 mM NaCl, 30 mM MgCl, and 30 mM
MnCl,, preferentially promoted perfectly matched dsDNA:dsDNA-F
25 complex formation between the wild-type dsDNA target (SEQ 1ID
NO:6) and dsDNA-F Probe No. 7, after 30 minutes to 120 minutes of
incubation. The perfectly matched dsDNA:dsDNA-F complexes
generated a decrease in fluorescent emission of 27%, 43%, 29% and
52% after a 60 minute, 75 minute, 90 minute and 120 minute
30 incubation, respectively, compared to the fluorescence emitted by
the cationically quenched Probe No. 7 sample at these times (Fig.
9C) . By contrast, formation of the 1 bp mismatched dsDNA:dsDNA-F
complexes (SEQ ID NO:7 + Probe No. 7) was very inefficient
following a 45 minute to 90 minute incubation in the presence of

35 80 mM KCl, 10 mM NaCl, 30 mM MgCl, and 30 mM MnCl,, as evidenced
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quartz cuvette, irradiated once with an argon ion | aser beam having a
wavel ength of 488 nmand nonitored for fluorescent em ssion. The intensity
of fluorewoenaesodns plotted as a function of tinme for ea®loTdBIRMI1872

anal yzed. 5 The control ssDNA-F Probe No. 5 exhibited a progressive

reducti ivhd URF escepce. W j i ion ti ' he. .presence
of 1 rrMQgE)ern‘i di ne (Fig gi\é\%%gq‘%?géﬁgﬁ?gfnll%%%%}ec &Wgsbrg%r#g%dtag%&qo%%ﬁﬁ%ed
as t hat Wh¥erheedhenomnéesame protmmeas tocubhbed iexitifid twdsenge bhell
mM MyCl12- and,, 10 special ly, wi thin.the fiLrst 5 m nutes of
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of "1 mM sper n?géil nIe),E géﬁlﬁ%ﬁ%ﬁg%é 1%8/%éaﬂn Yo decr egsea'Li4n° 1&??5%?’%%%?18&

r espect ifaigresempee edcamparted dchi ebext bentiieedcabiyonichal | yaquendhedlPr obe
No. 5 allﬂggj i g. ~After 45 mnutes of incubation in the presence of
1 nM sperm dclgllrl?ggJ Er#%%%a 8! cﬁhpl ex formati on was being signaled (Fig. 10).
The inclusi ol pradepss nia ndbovds hicgitvwalenfraventdabbevident20cations

dsDNA: s - f i on t-hat cont ai.ned 1 bp T-G m.s ch (SEQ ID
NO 7 + %r ogegﬁ\%g%%ég%ﬁ\%ecg%m&l By J'Jgaonrmal cornezf%e& ?Fﬁgngfgﬁgg%g‘Pnléao and
7% conpatieth lent st ighseedetichy Ohhe fatheditdsd lopmplenchedalriaie aNed by
after 1 1 nd.-3 m. nut es_of. i ncuhation,, respectjvel Fig, .10).

v i i ot 558 P 5 RRFLBHS: ROBRIFIGa At dB e driierihtar I detliEnces
appear edroml gxad t grofotridnubegs afthare ubahiooa lientt heapt esenea oflitalivht
sper m di and_ di sappeared by 120. m nutes. The additiqn of the DNA
condensic’rr}agtla%%sht F’e?%%?%egﬁfne, I%?}éi:‘f‘ﬁnt Qﬁ&&%\&?&gd? YIRED cBRpEERELY

f or mat i omthetedemder flgc iypmatheml chetasaghalAces congde exeenwdenabeiritgd
conditians, taq allow differentiati on between perfec onpl enent ary
sgguencgfgo%nadciotrﬁoeget&glﬁt éPﬁ‘Fﬁ&ai\ b m“%ﬁsf‘%}ﬁe I%é\%ti" Tfn-oyﬁﬂ%t and

02/ 103051 ROHBEAGEHE. Thayedotéepiend i alysdt Sabesirtemaalt s arekcapabl e
of Cond%aséfg adris%gc%f a@:!feefel%en e{rg }tfragaecsiltiq:%treaé ec%fmpfl%rxrm%loggétion

between fully matched homologous duplex strands, on the basis of

homologous base pair recognition.

20 Example 10

Examples 3-6 demonstrated dsDNA:ssDNA complex formation in

a sequence specific manner between dsDNA targets and ssDNA probes

facilitated by DNA condensing agents such as monovalent or

divalent cations. The next example will examine the rate of

25 formation, stability and rate of disassociation of dsDNA:ssDNA

complexes formed in the presence of the multivalent cation,

spermidine (possessing a charge of +3), which is also capable of
condensing DNA.

The hybridization reaction mixture (40 pl) contained the

30 following: 0.2 pmoles of non-denatured target dsDNA, 2 pmoles

of 5’-fluorescein labeled ssDNA probe, 10 mM Tris-HCl, pH 7.5,

and 1 mM spermidine. The reaction mixtures were incubated at

room temperature (21°C) for various periods ranging from 1 minute

to 2 hours. Following incubation, samples were placed into a
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stability and rate of disassociation of dsDNA  ssDNA conpl exes forned in
the presence of ethanol, another type of DNA condensing 5 agent. The

hybri di zawDm/103act i on m xture (40 Al) contai ned the fol POWIBER/01972 pnol es
.of non-denatured target dsDNA, 2 pnoles of 5 -fluorescein |abeled ssDNA

pr obe, AN T LsvEHELe P ; t%rgg %, e ol .. T agt.ion 1 [ wer e
incubattja%la,t roomvlo Fénpl_iexzraa?iulrae ( 1%‘?6/%0&&32?iao%sgggélﬁogghr gn%%%%%%% 1
ni nut e RV nenwraseleditbwioflg 4§ ubt ird menplesederfoml| ftedréatena

quartz caetd & i rragiate ;i t n [ lLaser beam. .hayving a
wavel engt h of 488 nm%gl%d ?rnoﬁlé&?%lr% Pjﬁ F?&%r%eggggﬁtce e‘rgﬁasssiepca)lrﬁttﬁ%é it efisi ty
of fl uorféytdnce vl plme t folr ssach d8plmcialyzédtime for each sanple

anal yzed. Unl4 ' t g t ycation he _addition of 10%
et hanol did nj(ﬂ)}_i@rgg}ég%g:j!n %D(wﬁwer%hﬁ?%ggl g%r'es%e%%deltlgrlntfe ed" by THESSRONEr ol
ssDNA- F Tarbit it 57 bluowescriidy whitis ethersisght incucaease timél imreseence

of the rodi Fi .. 20 the presence.af 10% et hanol

prefereﬁl a Igl)élegroofnojt &3 éﬁ%r?%%%ﬁnf g(g-li 'enéﬁt'ar;:}‘% sSDﬁligégﬁf\Iﬂ-ﬁug8ﬁBl‘§§s

f or mat i giwthebweapronhenged d-asy pehalls Db stearnget ¢IBEQ [HANG: She and-cdbeDNAa E

Pr obe : owi_ng 1 1hute to 60, m nyte. incubation_ (Fi By
contra%nﬁééé%é o\r{?nof tﬁﬁe%&lb%e - %fsn%a cﬁ@% %‘%%%A: sagﬂglAlé Z&C%léx
(SBQ | D e@erHalPnobel tNoin S)hevasi megr \5 imefdti e enff duaibreg: i drhi & dgucwrat i on
time in the f %-ethanol ., T | ugrescent intensities oduced
by the perfegﬁ%rl%@aﬁedﬁloqrc@olr%weﬁ&ryan SPN%‘p Sr%@%ﬁ chgamggﬁﬁl ei‘égmgé?gnll%
and 2% lamtersen ridgspetshNel baafdter(SER mndices,) 22 ahd &¥DONAWEr Probe No.
respecti ffer 30 i nutes % a %. ower, respectively after 45
it os.” 4P LosELeRT e I SREsER ot RO el e s Ratket ToPndn Cha
eni tt ed doyeddrecdPraobe M sbecontilok, (Fegerdd)ngNo 115% gnid coantiedebhibes sNA- F
cggpl ex jg‘lormatl on was observ%d atter a 75 ?Ete i,n ubati?on Iaditﬂgf?oﬁhﬁf

présence ot 10% et hanof - P75 “Wh0 3, 105582 BoZrro73CRhEvS
| ow conc=ttiaticaslyf gethahel, Hratid itNatl ed AMhecotpiex fof mat izftdet peen

gfréafgﬁgpﬂﬁ%?dggyA EQ&%EEEHFQ%.tﬂéqgégggﬁgélgfhﬁgﬁfSgeiﬁggﬁhgfogfﬁiméf
complex formation was being signaled (Fig. 10).
The inclusion of 1 mM spermidine was highly unfavourable for
20 dsDNA:ssDNA-F complex formation that contained a 1 bp T-G
mismatch (SEQ ID NO:7 + Probe No. 5), as evidenced by an
increased fluorescence of 11% and 7% compared to that observed by
the cationically quenched Probe No. 5 after 15 minutes and 30
minutes of incubation, respectively (Fig. 10). Minimal complex
25 formation involving incompletely complementary sequences appeared
only after 75 minutes of incubation in the presence of 1 mM
spermidine and disappeared by 120 minutes.
The addition of the DNA condensing agent, spermidine,
facilitated rapid dsDNA:ssDNA complex formation between perfectly
30 matched sequences under non-denaturing conditions, to allow
differentiation between perfectly complementary sequences and
those containing a 1 bp mutation.

Example 11
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bet ween perfectly conplementary sequences and those containing a 5 1 bp
mut ati on. Exanple 12 Exanple 12 denobnstrates that the assay of the

i nvent i orwoar/103sscri m nate between perfectly conpl ement aPgTABRNAIRS DNA
conpl exes and dsDNA: ssDNA conpl exes containing every type of 1 bp 10

memtch possible, ahenide calanie MBILerealaLar, YOXD 1ol ceresent.

Conpl enentary sens robes wer esi zed on
a DNA syFRMESISierg JRpA .| eBXbVlPI'HELCl mmm@@ctha r.radt®HZ>® ﬁ.cbrlaatlon,

concent ratiom of, 1fIHDlrﬁlte fogfsQ'Qsoél 1é§ g Otl%@@ rob

designed to be co etely conpl enentary nuc SB7%t he
sense st¥eredfin kacsprasengel dt gpleand?hr gmlotm#!r (tSE@ oD N®A1¢on@mesiagp| ng
ansno aCéc_gleIp@leons 505 to 510 [Nature 380, 207 (1996)]. The chirality of
the probe was opposite or antiparallel to that of the sense strand in the
20 target. MREkathpbobdizéPiohe meact8 oo rﬁndhecd\lo(4(16)zl\wercaontiajieretd cahei n

d
SeauenocEqBIGHIRe: Ny 2 SHGEOL P fort RARS MR L e HBEEhY W Shnat o5
Pr obe Noof 85(Ara§lu015esm Cb&\bérﬁdA@é\DmATp3obe$eq1.®enme Tors Picbe MD. 7 95nas:
T 13 be No. 10 0 5'-CAC CAA
ACA TGA%A@D s%ﬁ%ﬁ%e fo%?%%%c r % Jress, We(f&’cm%sﬁuﬁ%fdsr@& TASCB:
Stfuence-fpeRrnhe NR 1D wast @arm Ciﬁﬁ::k@s TﬁmgMgsfremal W1 02¢ 4 08851

PCT/ 1 BO gue Qs Pr ohe 13 was: CAC CAC AGA TGA TAT- 3
Sequence § ol BHseE No rord Haet Bt oy MRS TRe S Piaced intd

quartz cuvette, irradiated once 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
15 function of time for each sample analyzed.

Unlike divalent or multivalent cations, theladdition of 10%
ethanol did not result in a quench in fluorescence emitted by the
control ssDNA-F Probe No. 5, but actually caused a slight
increase in fluorescence of the probe over time (Fig. 11).

20 The presence of 10% ethanol preferentially promoted
perfectly complementary dsDNA:ssDNA-F complex formation between
the wild-type dsDNA target (SEQ ID NO:6) and ssDNA-F Probe No. 5
following a 15 minute to 60 minute incubation (Fig. 11). By

contrast, formation of the 1 bp T-G mismatched dsDNA: SsDNA-F

25 complex (SEQ ID NO:7 + Probe No. 5) was very inefficient during
this incubation time in the presence of 10% ethanol. The

fluorescent intensities produced by the perfectly matched
complexes and 1 bp mismatched complexes were 11% and 2% lower,
respectively after 15 minutes, 12% and 1% lower, respectively
30 after 30 minutes, 25% and 2% lower, respectively after 45
minutes, and 13% and 7% lower, respectively after 60 minutes,
than that emitted by the Probe No. 5 control (Fig. 11). No
significant dsDNA:ssDNA-F complex formation was observed after a

75 minute incubation in the presence of 10% ethanol.

~-75-



5 Sequence for Probe No. 15 was: 5'-CAC CAA AAA TGA TAT-3' Sequence for
Probe No. 16 was: 51- CAC AAA AGA TGA TAT-3' Probe No. 17 was a 15-ner ssDNA
probe desw@nedots:t be 10 conpletely conplenentary to a 15PomaBexntipte
segnent of the antisense strand of the 50-ner wild-type target DNA (SEQ I D

NG 1), I i ] Ld it 505.t0 51 ture 380, ,. 207
(1995)1 " The PRe r4adfL I, 261 1 B9 ohdRRe 2R 08e 3, LPARIDT . anbat SPatetlar
of the #@NAsepmplekr diodnian ildie betryedn hbnMitaatupeabesNA oberdNo: s 18n§0

Pr obe 26) were jdentical .in guence to Probe . 17 except for a 1
base rruN?fa lll%%es?%rﬁ T %%:??ds el qﬁr'obEONo?ﬁ?’w\/va%l?sc@m\’?%tfr@ﬂ TCT

TTG GIGI3tw2geiSenpefiwe: o rcdipslzanddt a8 srpiendes AW TEEsECERES: 61635
Seguencelfor Probe. No. 19 was: 5'-ATA TCA TCT TTC GIG 3' Sequence for

Probe No- X0 TWAS3C19% 5 _ATA TCA TGT TTG GIG 3' Sequence for Probe No. 21
was: S'EfipITEATCT ATG GTG 3"  Sequence for Probe No. 22 was: 5'-ATA TCA
TCT CTG GIG 3" 30 Sequence for Probe No. 23 was: 5'-ATA TCA TCT GIG GIG 3'

Sequence for BaheldNo.2 st Bt ATARERGtHel aEE & 8he $84HARESNI BAn
Probe No,. 25 was: . 35 5'-ATA TCA TTT TTG GITG 3" -77 WD 02/ 103051

PCT/ | BOZFOIS7I i endE H451=TPr 0BETNEC Y waSOBLERFALTER TCISHVA: ST
The hybrisizbéien AreResDIA :HoONAr 8otpl ekl sCoBheh N8 Iny heref-pld QW RE 12pp
pHBIeS qgiéégégﬁ p§%£¥%léi QV<L$Stﬁ£ ggg?ﬁhféqgﬁi intercalator YOYO-1 is
Present.
Complementary sense and antisense 15-mer ssDNA probes were
synthesized on a DNA synthesizer, purified by HPLC, and dissolved
in ddH,0 at a concentration of 1 pmole/ul. Probe No. 1 was a 15-
15 mer ssDNA probe designed to be completely complementary to a 15
nucleotide segment of the sense strand of the 50-mer wild-type
target DNA (SEQ ID NO:1), overlapping amino acid positions 505 to
510 [Nature 380, 207 (1996)]. The chirality of the probe was
opposite or antiparallel to that of the sense strand in the
20 target. Mutant probes (Probe No. 8 to Probe No. 16) were
identical in sequence to Probe No. 1 except for a 1 base mutation
. (underlined) .
Sequence for Probe No. 1 was:
5'"-CAC CAA AGA TGA TAT-3!
25 Sequence for Probe No. 8 was:
5'"-CAC CAA AGA AGA TAT-3!
Sequence for Probe No. 9 was:
5'-CAC GAA AGA TGA TAT-3!
Sequence for Probe No. 10 was:
30 5'-CAC CAA ACA TGA TAT-3!
Sequence for Probe No. 11 was:
5'-CAC CAT AGA TGA TAT-3'
Sequence for Probe No. 12 was:
5'-CAC CAG AGA TGA TAT-3!
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5 0.5 x TBE and 500 nM of the DNA intercal ator YOYO- 1. The reaction

m xtures were incubated at roomtenperature (21C) for 5 mnutes, wthout
prior dermapuradiosh of dsDNA targets. Sanples were placedPcCatiBoz01gteart z
cuvette, irradiated with an argon ion |aser beam having a wavel engt h of
488 nm and meRidRIRE iy H-JdfEsaent, g ssion. The intensity of
fluorescent em'ssion was plotted as a function of wavel ength for each
sanmpl e &nalAPred CACThAGD- HEA WiTAE13/pe non- denat ured dsDNA target (SEQ I D
NO 1) was readRbiMd el e Lydmef, Wiqld-Jype antisense ssDNA Probe No. 1
and various 15-mer 1 base nutate 'ant4:jsens'e SSDNA probes 15 (Probe No. 8
to Probé® 'NEACIG)CAR hatCAWWGE gdifdtat'e every type of 1 bp mismatch possible.
Asc expect ed, é}{@eﬁsc% . uqle nty jSssion intensities were generated
by the dsDNA: tsés?%\lA conp exes%ecgﬁogi st5| ﬁ{:}gsz'f perfectly conpl enentary
sequencés -CBEQ [IBDMNOAAA TRIPobEAW-3'1) (Figures 12A and 12B). DsDNA: ssDNA
conpl exes th tei&fér{ ((ip a b “Adnsmatch (SEQ ID NO1 + Probe No.
8), al bp g mscﬁesa;ﬁc({:fe gg&ﬁ %&16A+ robe No. 9), a 1 bp CGC nmisnatch
(SEQ | DoNOCRC+ Pédbe AWR MBPA JATHP T-T mismatch (SEQ ID NO.1 + Probe No.

(SEQ 1D NO| 2 ot 13750 1 by AT 28 e et s3T5 175 Fione |

NoO 14) compl dielE Acpinpiateht 68FQ td DaNOLE mrbbet Nde Heigmemrid afl btheG A

m smat ¢ I +. Prob =l r e | uqgrescent 1 SSI

i ntensi %né:?@t nagt% \Te%%anQS qf06§]5‘§b§(9% eﬁ@?ggéa/?yéﬁ%%a%%%% 5?&?%@%0/?

| ower, NCsdpectduwesthgpgiran anhiato eadid qubdoiyt idres pe0 S eont | ¥1 draf¥aedre 3880,
dsDNA: s | exes (FL.qures .12A .and 12B).. The triple _strand assay was

21 50 cvalliat 4088 Hanct I HE t KRBT B REVHERT pe e o SRRt UPBORSDRA Far get
(SEQ | DaM@iPensltlel t he Ihaterofi ltdhet ypet $easee ssbianer obe Nhe 17aagdt.

vari ous -nmer 1 .base t.at sense, ss r pes robe No, .18 to_ Probe
o' 06y MU Rl o B HeT D ar 53! et MR A4 Rt adst Gl Tne
-78 WO GARSM0E RO/ IBS&HOINR. peTf estdgpconpdbeneat aty dsHNA ssDiAioni pl e
strand C%S{aeeéels EQ IDNO1 + Probe No. 17) containing a sense strand
pr obe (F(i e and 12D) formed with simlar efficacy as the perfectly
conpl ement ar Bdguepiee: stomrmbaenmMNexes7 (WwE=Q | D NO 1 + Probe No. 1)

5/-ATA TCA TCT TTG GTG-3'

20 Sequence for Probe No. 18 was:

5/-ATA TCT TCT TTG GTG-3'
Sequence for Probe No. 19 was:

5'-ATA TCA TCT TTC GTG-3’
Sequence for Probe No. 20 was:

25 5'-ATA TCA TGET TTIG GTG-3'
Sequence for Probe No. 21 was:

5'-ATA TCA TCT ATG GTG-3'
Sequence for Probe No. 22 was:

5'-ATA TCA TCT CTG GTG-3'
30 Sequence for Probe No. 23 was:

5'-ATA TCA TCT GTG GTG-3'
Sequence for Probe No. 24 was:

5'-ATA TCG TCT TTG GTG-3’
Sequence for Probe No. 25 was:

35 5'-ATA TCA TIT TIG GTG-3'
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5 containing an anti sense strand probe (Figures 12A and 12B). DsDNA: ssDNA
conplexes that resulted in a 1 bp T-T mismatch (SEQ ID NO 1 + Probe No.

18), a 1 wpoen@osi smatch (SEQ ID NO.1 + Probe No. 19), aPCThpo2®1®2m snat ch
(SEQID NO1 + Probe No. 20), a1 bp A-Amsmatch (SEQ 1D NGO 1 + Probe No.

21), a 1 bp GA . smteh. DNO. L &+ Probe No. 22), a1l bp GA
msmatch (SEQ I'D NO 1 + Pro%b}E(NﬁoA.' 23 ,“;aas'l bp GT msmatch (SEQ ID NO 1 +

Probe N&.' -MP TEA BCT- GTE seREB'(SEQ ID NO'1 + Probe No. 25), and a 1

bp T-C m . + s I .

elron' SSi onmi ?\tngtrl%tlﬁggp%ﬁ%gﬁe%% g&e@gg%’ %%u%%ggi%BS%%rﬁ%é%}édwt%%%
and 82%HdwerMingsspet Puelgs ofaharpet csbPiNhed 2oyprdies pef fesdiiy patibaed
ASONA STOMA gorpliexang( AWl g 126 28d 190l 5 ole Lakkabl Lib¥o ) ] Nerne

fl uor escent em ssion intensities observe evarious 1 b
m smat c & cddpandeiditwres oretdheinparatiall ar base panpemisurt ch2thah foe

change ign ; cqont.ent nt_ -t ri trand _sequences
(Fig. 12) AgHELY, e gﬁ%&r&ed%%a%g%ﬁ@#tﬁ%d%tfhgsﬁg et ?E?'ofg?rﬁ%f??i ol e
strand ass®y pledetbninfy aldugpdssidiveetlitdp msadtated with gneatgoactanacy

when anti ST es éﬁ{e e d_wth .non-denatured dsDNA
targets ia%%{}ﬁ:b%%rgsence %%@%e dec?(%ng%énggi ﬁngn aadéc}]t R(e)( Of.elé\/\hg?lé t he
i B¥ent i &3 Ueaedvmert desicydived | Ahdetiacbenandywothflnefeseane ¢mispionfwas
exanpl esqtherepf it mll_.b arent, to..one skilled inthe art that

var i ous%c OraE;&gegis) & rrﬁ[,){lllcfl1 ?t-ilcogf %%gsw aé’aenlerb%thrran%er 5761 ei T W ]tehoal])ta]c?'ézpea(ft i ng
fromthe spi e ahd-meopevil30 thper endn-d&€Baired/ IRROB1 PEFHEBO2/IED 72D

compri sty D nEeg SsecsEe 1) el TG e S R g e PR Sobe
Vat son- Od.ckl dndlupbexoua sBfheei enbaseniert aofedsiang issestgansaan pedbdase
spauercagmbacies 9. A 1opl o« bl L nckudes Lhe Vel son Cricke
mul ti pl éx Yorméasmenchs aotaiillie.pl exs bekpgcaety, i plhex Highap@df lpbexgscaher ei n
sai d 5i%ﬁh§g§k§?ﬂﬂ§§éﬂ§¥é¥§£ %e%% g%%%%%%%%.by the dsDNA:ssDNA complexes
consisting of perfectly complementary sequences (SEQ ID NO:1 +
Probe No. 1) (Figures 12A and 12B). DsDNA:ssDNA complexes that
20 resulted in a 1 bp A-A mismatch (SEQ ID NO:1 + Probe No. 8), a 1
bp G-G mismatch (SEQ ID NO:1 + Probe No. 9), a 1 bp C-C mismatch
(SEQ ID NO:1 + Probe No. 10), a 1 bp T-T mismatch (SEQ ID NO:1 +
Probe No. 11), a 1 bp T-G mismatch (SEQ ID NO:1 + Probe No. 12),
a 1 bp T-C mismatch (SEQ ID NO:1 + Probe No. 13), a 1 bp A-C
25 mismatch (SEQ ID NO:1 + Probe No. 14), a 1 bp C-A mismatch (SEQ
ID NO:1 + Probe No. 15), and a 1 bp G-A mismatch (SEQ ID NO:1 +
Probe No. 16) produced fluorescent emission intensities that were
63%, 66%, 50%, 47%, 49%, 79%, 57%, 51% and 71% lower,
respectively, than that emitted by the perfectly matched
30 dsDNA: ssDNA complexes (Figures 12A and 12B).

The triple strand assay was also evaluated by reacting the
50-mer wild-type non-denatured dsDNA target (SEQ ID NO:1) with
the 15-mer wild-type sense ssDNA Probe No. 17 and various 15-mer
1 base mutated sense ssDNA probes (Probe No. 18 to Probe No. 26),

35 that would generate every type of 1 bp mismatch possible. The
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10 are selected so that, if in a nultiplex, they would each be related to
all other strands of the multiplex by adherence to base pairing rules,
sai d rul ewolweitoaysei t her Watson-Crick base- pairing rul es @cThBemiiopous

bi ndi ng base-pairing rules; and 2) incubating said m xture to allow the

mul ti pl I sﬁﬁaé:’ﬂ: N LRl a er

st rangs%ﬁ%hd;tol}m I tﬂal ex ﬁé{jher encg%'?jg%bggjéb&% r%:éﬁaggu{:ggpi%r{%w &8%8

t hat, WhiNe tlher rﬁﬁcthepll\@( lt7he cvatedni@oi ek seupbestralddeplrohe S(E;ogl(l:&e):sl S

het er opal a n nd 90% t d of
DalaTeshe M3, 2 shinerkenh MSMIORL FRYIRANA.908 ] gp RérERLRY

Claim1 whereln mul't ex created 1's a
suf fi ci EMplEHssItofy snmlgﬂ@r sttrandedompbkesesl éSEQsIEL NCarid + ®PrebepNe2) 1} he

rerai e (T ABIERL. B PuFE R, aRe i WO e el 58 ERRLD
r esi des HsPNR :gr=dlPe cmmplmtesjdﬂtﬂte zhﬂulotaéd sim ucturiep ‘#-T Antetdioch of S ai m
S’UE’PZ?E}’ Ve Lor GFEER BSesthar Fi g i s "HRIAG T HE™BolBnHOLEr At gret he
dupl ex Bip. ool egdubpbGri mgshasehpaSEQNID rud £5.+ 3d-dbe Norerbdd af 1Gbgi m 4
the o ndl & AN PR e YL Geb2PiRa 5 ood o thald doubI BLREFFEaI
stPuct ur(eSECB IDAN@etthad Rrfol@ aiom EZ\M)eIaeJ. bt Bi-A tnlilemauthl pEE(& Ibeo:1 +
cont ont BEtedy 100 and 909 Srid. MUFTREF Ror 8 iPna el b rba 28 Vo> 02 103051
PCT/ | BOZ Q1%%2 T+ edjiserdicds (SEEr emeoo)f 1puyr [pmebpymgm ?Egealdﬁ]&eaa%?rsgla c;t eos
(1) and Tamts "Bepor FRaNiiidn T ndhig olE - ac o sPraAS SHncl i teprees
not in aamfss:lﬂ:lri irtensineidodhat GhaensisWhere) et eBok?) sug, persor e,
rLhou, e casel BEENCE Ol BOLel S A TR0 ol O A heLinih,
at | eastpebffectly matched dsDNA:ssDNA complexes (Figures 12C and 12D).

The variability in the fluorescent emission intensities
observed between the various 1 bp mismatches depended more on the
particular base pair mismatch than the change in percent GC

20 content of the mutant triple strand sequences (Fig. 12). The
results of Figure 12 confirmed the reliability of the triple
strand assay to identify all possible 1 bp mismatches with great
accuracy when antisense or sense ssDNA probes were reacted with
non-denatured dsDNA targets in the presence of the DNA

25 decondensing agent YOYO-1.

While the invention has been described in detail and with
reference to specific examples thereof, it will be apparént to
one skilled in the art that various changes and modifications can
be made therein without departing from the spirit and scope

30 thereof. '
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10 percent of the final volume of the mxture. 10. A nethod of Caiml
wherein in step (1), the water is added so that it accounts, on a vol une
basi s, fowoav/1bmast 80 percent of the final volune of theCwiRearez 11. A
met hod of Claiml1 wherein in step (1), the water is 15 added so that it
accounts, on a volune basis, for @A; the 1liquid added to the m xture.
12. A nethod of Caim1l1 wherein step ) is perforned at a tenperature or
t enper at ur es laboke MEREOLr &z AFeRbhPEr &t ueldia hacidquedud pdekut | opaddd at

not nor epdiiay %@ri@tﬂg”-tl‘fér@é Sf. Gaim12 wherein step (2) is

performed at a tenperature or t eratures between 5 C and 30 C. 14. A
nmet hod of O ailm ¥Bedhéngi i snepterd icomprifdngedvatten, t enpérasoneCoick

t egper atyese-bet ween, .C, s 2 ) - 0 ism.1 erein_in step
(1) , a calﬁi%on IS 2@%&&&?%5 tue%baec}ge ’?r E%?ggSefﬁF%ﬁggﬁA ér@@e %gdn%‘?sﬁ aim
15 wher ef9RuRIIGe @atliaslies Neor fmumvisdewl taplexc bheéntinafliidasof h&Ondt ton -

125mM 1ty of I 0. sal ' | lected fromthe
group con]gliég%i n %{'Nha}r Sélg]v%g(é%{lg%gg&éo%%??%ﬂffggni%?égiﬁeioﬁﬁf?%e 4%W
My+2 pr okt stf anddrieeret didms tafor, 0 milido maS o leantheling providedxadra
concent ratd f..20 . A h c_ ai in, i step

i nter cal%%éo(gh@se}g’dde e%(gl%nsggée%grngpgr Sglég%gi?\g?g%ﬁ\%% 1%0%(%&&{%8
PCY/ | BOF1E 932lagted met hvdadf @faiim 18 wivdrtdpiethe thder walidtioredch abe

fl uor escaht i a or od_pf ai 9 erein the fluorescent
i ntercal at oarﬂ%eécgl égﬁegtfh%%mﬁ&%ou%gcgﬁgi ann}l%époFXY%\yOalé,}le%rﬁcﬁrcEi,
YOYO 3, YRGRO-371iP0RD 11l 86B0skhidPORDe3, bRARG 31 HHEOWat S@I@] clcyansae

B0 PRO. 0 BROS SO PR I PRI RS By A i ToHors,
et hi di um br orﬁ)dei?nc;alhfdujimgn Mdhimlruﬂe tetdl hwnthemodl vepi s € hfdium
ERi ch ur gt (A e P B br  C PRl Tt FEROA2i e IS A-tAt T BaP et P vTO
dyes, SYBR tGrElax Lyy adherence to base-pairing rules;
provided that, within the multiplex, the Watson-Crick duplex
added in step (1) is heteropolymeric with a G-C content between
10% and 90%.

20 2. A method of Claim 1 wherein the multiplex created is a
triplex, in step (1) the sufficient number of single-stranded
molecules is 1, and in step (2) the triplex is formed.

3. A method of Claim 1 wherein the duplex substantially
retains its double-helical structure and the single-stranded

25 molecule resides in a groove of that double-helical structure.

4. A method of Claim 3 wherein the single-stranded molecule
is related to one strand of the duplex by Watson-Crick base-
pairing rules and to the second strand of the duplex by
homologous binding base-pairing rules.

30 5. A method of Claim 4 wherein the duplex substantially
retains its double-helical structure and the single-stranded
molecule resides in a groove of that double-helical structure.

6. A method of Claim 1 where, within the multiplex, the
Watson-Crick duplex added in step (1) is heteropolymeric with a

35 G-C content between 10% and 90%, and furthermore the combined

-80-



SYBR dyes, Pico Geen, SYTOX dyes, and 7-am noactinomycin D. 21. The net hod
of Claim1l wherein the accelerator agent is a non-intercalating

fl uorophowe.02a83022. A nmet hod of Cl aim 21 wherein the non-iperaBeaiiar ng

fl uorophore is selected fromthe group consisti ng of biotin, rhodam ne,

Al exa dymse B} 2 deSre £3h Ob# &Pi‘hé’g;g%fﬁldm dlrﬁgfgtéﬁtdhg§99ﬁ§glne—

fl uorescei n and_derivatives Inc ud| ng t not imted to caged probes,
O egon &Weie phgwRns mxaaeth,2TBY 20 dyes. 23. A nethod of Claim1

wherein in step pl)dlienseceleralgin a08hheks:AN 4 :{(E;ggu CRLt ofgd Nalo)D! oels Lo

the m nor and/or_major groove o tson-

of O ai MIripErd Wit fthep nuplaive acsl @@@@M@ﬁaﬁ@d/@gedﬂpéﬁ@S Qoicsia a
liguid. &51 The method of Claim24 wherein in step (1) the accelerator
agent is an organic liquid soluble in water. 26. The method of Caiml
wherein in st®p X Metiedacéelfbpamol whgenintdap (& )a isopdefioamednwagkatt as

regards ihe Mat nfdd ¢ SQduplex s added. 27. The method of daiml

wherein in step (1) an accel erator “agent that is a decondensation agent as
regards the V%t sbhnnekhe® ofuPllexn sl addevein 82nWotep/ 1103051t RCTwaBOR/ 04972

28. A meg acga;@? of . def,gct kpg 2 L iplex, d%aédvgﬁmgdbgggg“%&g ot DA B i hog of

daim2 urther conprising an ‘a tiron which T tTiplex
i $0det edsicker?9. ofA ttha Hoichaf @ laime lohsreimixtherawl t| pI ex created is a 5

quacr upl ex. 10 S ndaoq nGr ML A0N & LAIGHIIA 9% Idtdh |11 ol SOReET A £C

dupl ex, and in step h |C|ent nu sitng tranded nol e2ul es
is 2, thtedisgl ehatr abhdedamingcyl esn ar golnma bescmd \istrs e CGheakt dapl ex,

dupl exed S H oD e B AR Yo oingle-stranded

nmol ecul es al rleladyAlrnettlhmdseﬁoﬁﬂaMt domhriedk duplsoep 30L) A nie¢ hedtef is

dekect | nigody GUadr UBLE.; S RNGT oFOPHI SR 1EsTE! Ppd:0hd aim g and
liguid added to the mixture.

12. A method of Claim 1 wherein step (2) is performed at a
temperature or temperatures above the freezing temperature of the
agqueous solution and at not more than 85 °C.

20 13. A method of Claim 12 wherein step (2) is performed at a
temperature or temperatures between 5 °C and 30 °C.

14. A method of Claim 13 wherein step (2) is performed at a
temperature or temperatures between 15 °C and 25 °C.

15. A method of Claim 1 wherein in step (1), a cation is

25 added as the accelerator agent.

16. A method of Claim 15 wherein said cation is Na* provided
at a concentration of 50mM to 125mM.

17. A method of Claim 15 wherein said cation is selected
from the group consisting of Mn*? provided at a concentration of

30 10mM to 45mM, Mg** provided at a concentration of 10mM to 45mM,
and Ni*? provided at a concentration of 20mM.

18. A method of Claim 1 wherein in step (1) an intercalator

is added as an accelerator agent.
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additional step (3) in which the quadruplex is detected. 15 31. A triplex
conprising a single-stranded probe bound to a double-stranded nucleic acid
target, viNOroeileBosai d probe conprises a heteropol yneric neciraBe/aeid or a
het er opol yneric nucleic acid analog, and all base triplets of said triplex

are menbers s¢l eat egbfy s LhRe gr nshsting of L AT-A T AT UAT
T-A-U, ZOAUAUAM,G%d%%%gé@%%“WQéﬁ$c%%ﬁf%&mn
the doubfbuc¥eseeret imterearkaterd target substantially retains its

doubl e-helicajg stxugd . het er ric nueleic acid or anal og
resides ,in a groove Q#“?%Z‘?Pd%%}@-%gl‘?@%ggﬁ% u#lfél.loﬁ%s‘é ].“gA triplex of
C ai m 311 hRrerlatde het sedpoitgderfrom nbbkeigroap et smalgpgofavbybave a a

G € contehiobet wegh,dL0Yo andy 0% At pl ex af A ai mherein the
doubl e-strang'g'd nucl ce}jl’c aC|Od%?’a?P§e%tAO leIbtsE{déﬁ ﬁ‘dl I(})?Pge?’ar]ﬁg)%iorg' E'OEO"Q’
doubl e- HEPJ@al, SerirecdimerandY©hBROel er TPePROEL | cYOURRORG, aThd PRO-anal og

resi des 10 o 05 05 o that pgloubber heblophosti ughureo 35 L4 guadtunlex

conprising: a first strand containinf a’frrst-se
WO 02/ 1030511 PCT/ATBOR OSitinesr s5e @il ituma fckodidieai pichd dd ugehondds eguence of

nucl eob . 12 Whey ej i ecaond .st.rand, i s._ associated with said fi.rst
strand by ?/%C%ls%mn-%;&:“@iﬁ@%%a?hg;%tgl t%ﬁ'iulmd SRR Gt ai %?ﬁjgéhn?hi PGrdE4RENCe
ol Onucl evbanes, Ecmntlire f dextilvestinge®) cethdidiumg aarfiditih seguenaemet-,
nucl eob . 22 Wher ej Ld fourth strand j.s. as jated wt i third
strand by %?%%mn-ﬁ%lgﬁgg%%di §OP3ELUR dtt?gd'rdﬁapl }3&:9 %fea?'m g@@h@?@?ﬂ éach
of sai d YRR dYds stPaow Creaehet INTEO| gyes | cand t T anlhéa conhenycbetmeen 10%
and 90% 37. r upl.ex. of im3 erein ejther t he second , and
fourth stran §ﬁé?§ﬁ§JT%F%ﬁﬁi%fg&§%+ﬁl?e%ﬂﬁre%% %hed??g%%%ﬁﬁpoﬁnagﬁP ditfg
bet ween & hose- 2nist¢r@antst irsy atbwslbpigot®. honol ogous 15 base-pairing rul es or

(g%the first f@g &Piéékﬁééaﬂﬂ§ éigiglkgpegherein. the non-intercalating
fluorophore is selected from the group consisting of biotin,
rhodamine, Alexa dyes, BODIPY dyes, biotin conjugates, thiol-
reactive probes, fluorescein and derivatives including but not
limited to the caged probes, Oregon Green, Rhodamine Green, QSY

20 dyes.

23. A method of Claim 1 wherein in step (1)the accelerator
agent is an intercalator that binds to the minor and/or major
groove of the Watson-Crick duplex.

24. The method of Claim 1 wherein in step (1) the

25 accelerator agent at 25 °C is a liquid.

25. The method of Claim 24 wherein in step (1) the
accelerator agent is an organic liquid soluble in water.

26. The method of Claim 1 wherein in step (1) an accelerator
agent that is a condensation agent as regards the Watson-Crick

30 duplex is added.

27. The method of Claim 1 wherein in step (1) an accelerator

agent that is a decondensation agent as regards the Watson-Crick

duplex is added.
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in a parallel 5 to 3" direction and binding between those 2 strands is
accordi ng to honol ogous base-pairing rules or (3) the second and fourth
strands aweoalioyysed in a parallel 3 to 5 direction andPoirndizmgotret ween
sai d second and fourth strands is 20 according to honol ogous base-pairing

rul es and furgtghenmy e fi t hi cds nd L qeed. i .
parallel 5 to 3'A de{%rhg?t iognagﬁtgc%iq% i %gegé%\égh %3?%9?%]2?&{1%%&1 ?Srhng

st r ands e metdmdiafy e folasyb B e padrpts ing ean 381l ot siptex of

A ai m 37 whereigh€ach iRf said Lours Fasidands is heteropolynmeric with a
G C content bet wéLen 10% and F}190% B9 A quadr upl ex of C aim 35 wherein

either (1) tR® sdedmrthathdf dtlain st reeice tr ctlag igneipien peeatedl il ato
5c=diregtd bi ndin t e a {.S i E 0 ¢

‘ V\a? son- %Jiagi%u%@gcdse- q-lgi %%ﬁﬁrﬁﬁzs %k?é( g)%{c%tghf ?rggfkan t Qilr}?dggt traan]a}sr%ltr e

al i gned Vatpan $arial eduptex o 3nddilmecitiamn &hd bhadisng fhetiwedn s 20f

strands d- > i t -ig ase- pai ri | ) ond

and f ourét %9‘31%? %{1 sé}gj[re?)a\éﬁgneg elgh laé(p%’r :ﬁ&é%é Séﬂt%I%' ﬁﬁ%% i%%igﬁéfgg

bi ndi ng kst ween saitkFwTbnWagsdrf-Glritdk stuphds, i sadd aocordiery t(8) the

Wat son- (. | - pairi es furt herJy t -84 02

PCT/ | BO%%W%% rthS aggr{n%%ir df]gz?rgan%%léz;r efgsﬁgnggdi nggc%\g(rial é‘éﬁgﬁ%}%‘?o 3
di? ect i Grediaraiilini regrelpet iBen sai ddoinest wakth t hhed sveoansisngbe-sictandedng to
Wat son- (1| - pal I rul.es. 40 qm% | ex. i Iy 39 wherein each
of sai dﬁdgﬁér(cﬂ?{térg%r%g}igg%etﬁ%r c;speo(?oyﬂrordérl o V#F_h@%% éa@glnet@e'nt bet ween 10%
and 90% 41.30A gdadmephexd obfCl deme85iwger ei ngeatheplét) theifli re¢thadd

directi oA, BhePhRtd TOr (ORI B8 dnd et drefR demr o 3R i ng

t 0 Wat s@uiddrt icknadasezquai (3)ngir mheisclort {e? )qumedsadierd isantktdutatl strands are

chaoped | ot BRLS oLk a0 e o Bk e RS oLy

base- paidauly gdtesameted Rucllied of acstl tange puhdresititr @adsl arebeal cgmedisas

ant | - PArA Gl o di8ee @121 A3 105 ol LoRLERDSLON §RREEH! KLY e1 8N ecia
analog, and all base triplets of said triplex are members
selected from the group consisting of A-T-A, T-A-T, U-A-T, T-A-T,

20 A-U-A, U-A-U, G-C-G and C-G-C.

32. A triplex of Claim 31 wherein the double-stranded
nucleic acid target substantially retains its double-helical
structure and the heteropolymeric nucleic acid or analog resides
in a groove of that double-helical structure.

25 33. A triplex of Claim 31 wherein the heteropolymeric
nucleic acid and analog each have a a G-C content between 10% and
90%.

34. A triplex of Claim 33 wherein the double-stranded

nucleic acid target substantially retains its double-helical
30 structure and the heteropolymeric nucleic acid or analog resides
in a groove of that double-helical structure.

35. A quadruplex comprising:

a first strand containing a first sequence of nucleobases;
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and fourth strands is according to Watson-Crick base-pairing rules and
furthernore the second and third strands are aligned in anti-parallel 3
to 5 andwb'02t1a8031 directions, respectively, and bindi ngPogiBeIrai d
second and third strands is according to 20 V\atson Crick base-pairing

rules. 42. AQ%@@’CHH %’Ergkd%gh%fﬁ%}q@eéeé g{[ﬁ 31%{% %gH{ICAlg&f) st s

het eropol ymeric with a G C content vveen ua ruprex
of C ai m 35 wher eivhefeiter sgiy tdmcdnd ststraﬁdand; f@asohlatedndﬂta‘r esakdgned

in anti-parallel 5¢;19 380 Z‘psy V&é)tssondd‘ e&'@o dlr%l[ﬁeSpeCtl vely, and
| ;

bi ndi ng bet ween those 2 stran S accor ogous base-pairing
rul es or (2)thethied onldramd ¢¢m1¢@1113im9mdstlaleda$ecgtm@dce nofintie paochbbek; 3
togd and 5 to 3j glirections, respectively, and binding between those 30
2 strands is accorcﬁng to horml ogous base-pairing rules or (3) the first
and fourth sta fivdytdy stabhgnedntainnhg- paraittal s&qute@ceBofancheobasés,

directions, respe bi ndi bet we said first, and f.

strands is accordﬁ“tr’lljb ]féyrhogm% ggofgjsLl r{%%e-gpglnal g rafE8CARES ur"‘f]%g} n%?édt he

second and third stthlatrctissta:raancBEiowIW 1Criaait ibqpatialdel 3' to 5 and 5 to
3" directions, 51-P /1 BOZ respe ively, an i ndi ng

bet ween said second %}gciﬁzl‘{? gps?ra%alm g gﬁﬂ %nSIfogﬁ?slg £ol¢

base- paistirandal es. héderdpqlgdeupkexviath G aGFTC4aoWhef16I egaeteroflcai gandour
strandsdd'oso/ het eropol yneric with a G C content between 10% and 5 90% 45.
The quadrupl ex of Cl aim 35 wherein each interacting base of the said first
strand inter&ls sppradigsléy mft(hlehmmh35twhheﬁéliracemthé)ﬁselDnthéeséabﬂd

Lo o9 SLIpG At 40 e bese ahobhe sald LouciPplipnd, Lhesbsse e,

wher ei n aar&trﬂonﬁdsxag dbémneensthalds 2i sthengisopa weideiimdg hea %&E@@b@@t

B or acti T DRSS B Sehe oo e e St PR P er SEE R aPeatFi A PYST

g bas 0 sa r petf Fi YE®i th

both thein a parallel 5' to 3' direction and binding between those 2
strands is according to homologous base-pairing rules or (3) the
second and fourth strands are aligned in a parallel 3' to 5'
direction and binding between said second and fourth strands is

20 according to homologous base-pairing rules and furthermore the
first and third strands are aligned in a parallel 5' to 3'
direction and binding between said first and third strands is
according to homologous base-pairing rules.

38. A guadruplex of Claim 37 wherein each of said four

25 strands is heteropolymeric with a G-C content between 10% and
90%.

39. A quadruplex of Claim 35 wherein either (1) the second
and fourth strands are aligned in a parallel 3' to 5' direction
and binding between those 2 strands is according to Watson-Crick

30 base-pairing rules or (2)the first and third strands are aligned
in a parallel 5' to 3' direction and binding between those 2
strands is according to Watson-Crick base-pairing rules or (3)
the second and fourth strands are aligned in a parallel 3' to 5!
direction and binding between said second and fourth strands is

35 according to Watson-Crick base-pairing rules and furthermore the
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adj acent base on the said fourth strand and the base on the said third
strand, the base to which the said fourth strand base is bound. 48. A
guadr upl ewowk/1@oai m 47 wherein each of said four 20 stramd3/1B62/01972

het eropolymeric with a G C content between 10%and 90% 49. The nethod of

Caim2fsasel BRBhogh{*d t Berag@apPrd sé ngia ngbem( 3) ignMiicdy the tyd phex is
detected,, 50. The nethod of C aim 29, salg nmet hod further conprising 25 an

addi ti or%}r%%w%synﬁnhmﬁéwgt RETHIRRR UpRest T4rabt éCedhiznd ThEARGShdE of
G ai m 4% cvbed hd 631 whtdhod-; di Sﬁéé@lﬁa@iff‘n%eﬂﬁéf‘é‘ a perfect

base-pairing-rules match, a one- base nm smat or deletion, and a 2-base

m smat ch or ded et Porfuadiaiiesh Phe Ghipitex3andhereis n@qi%hsprfarﬁﬁ%ﬂ nﬁpéﬁul e
insthe B0-4xdPl €% 1a2erbHpe1PRichad qfiGl ah Myoe, c\e!&ll% glen ﬁ@avﬁeéﬁtbgﬂ and

di scrim nates between a perféct base-pairing-rules match a one- base
m smat ch? @ - del et i on, and a 2-base m smatch or deletion, between the first

and second V\ﬂéfonACE;hsﬁrQHﬁéﬁx%% ctL%qu\Qso%ﬂé)Félﬁ% éDCErﬁéPO@iPlQKé :"?_’%rsé

met hod of detecting a triplex, said method conprising: providing a target
doubl e- satl?ﬂ%nﬁi@élf‘ﬁl@l&’é?%n%l arerahigned cinagnti aparallel cohpEbsBngaadt ar get

SEqUence; WherRhi o3 133l EQEgEEtﬁ%EW gna%iﬁa %o AledRASE (A0 2p§‘&5c9ﬁd§ase

and at |east one pyrim di ase; pro € conprising a nuc
aéPd seguerrecerding mmlmblt@%@l&ﬁalh?@%m}m Iyl e @n:ndZémhac@ebendt or

agent; ]élqc@daq{dl% A4 APl %ﬁhgn%ﬁr 95t ﬁ@ﬂ“ﬁ&f&lf@f sai a§'c%n%f at, OFEX

agent to a mediumto provi e a test sanp fe co faining “a triplex conp
conpri sihg %Jazrl‘@tp?@b% eraRe ol w3l étrai @m@e@me@memsw al btibasds

of T A PR AT Sl IR B BE etk LR R, SRR g
sai d tes@néaﬁw?etm shrandstang adtgneflonnt enti-parallel 5' to 3' and 3
15 to 5' directions, respectively, and binding between said first
and fourth strands is according to Watson-Crick base-pairing
rules and furthermore the second and third strands are aligned in
anti-parallel 3' to 5' and 5' to 3' directions, respectively, and
binding between said second and third strands is according to

20 Watson-Crick base-pairing rules.

42. A quadruplex of Claim 41 wherein each of said four

strands is heteropolymeric with a G-C content between 10% and

90%.
43. A quadruplex of Claim 35 wherein either (1) the first
25 and fourth strands are aligned in anti-parallel 5' to 3' and 3!

to 5' directions, respectively, and binding between those 2
strands is according to homologous base-pairing rules or (2)the
gsecond and third strands are aligned in anti-parallel 3' to 5'
and 5' to 3' directions, respectively, and binding between those
30 2 strands is according to homologous base-pairing rules or (3)
the first and fourth strands are aligned in anti-parallel 5' to
3' and 3' to 5' directions, respectively, and binding between
said first and fourth strands is according to homologous base-
pairing rules and furthermore the second and third strands are

35 aligned in anti-parallel 3' to 5' and 5' to 3' directions,
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cause the test sanple to emit fluorescent radiation; detecting an
intensity of said fluorescent radiation, 20 wherein said intensity is

correl at edowetbsoar bi nding affinity between said probe an@CIaBe/diaryget
sequence; and determining fromsaid intensity an extent of matching

bet ween reaigh oy ORe1L AN i h d B Lt SEAUENCES 5 &S INGEE! dn 3 aﬂ;ﬂiﬂgt bodatgsa
honobgeneous assay conducted w thout providing a signal quenching agent on
sai d targetd tr hamolagub frastepBUring netlesd of detecting a
triplex, saididet ROdneIRP1EN%r RAQUK 1Y Frkaga! %%Pﬂ eLE aéé{%f %Fou

nucl ei ¢ acid anal ogue 30 having a target sequence, erein said tar ge’f
sequenc &EEHIAE nks ahefexepobreepiei d thase @nd apbnkeanst berereqyried dané
base; prge di ng a doubl e-stranded probe conprising a nucleic acid sequence
or a nucleic acid anal og sequence; 35 providing a hybridization accel erator
agent; -87 VA0 -02/AB30BEIMTRYeR0 20 1Rl m afdiwipssind qrdbentsarabtarget and
sal d hybidedl 288 | Oflo agegh erator 8920hd! 4R JRUMNSAN A AS 2 L85t Sarp! e
containing a Watson-Crick triplex conprising said-probe Hound'to sai
target $éguattiecent et at rihesaiali d estisdhnpt e tandxed th nghe adhati on to

cause test : m it fluprescent radiati.on; etecting an intensity of
sai d flﬁglree:%g% efréaug?ta i 2R e‘raczrfen &% E%t‘@lﬁjs?lf‘y&?@s 2ot¢ efF Bt Ed W’?ﬁné
bl hdi ng baafef iid thowst.ween sai d probe and said target sequence; 10 and
determ ning fromsaid_i.ntensity an_extent of tchin et ween saj d_probe
and said tar éle6?' s%q uﬁgguﬁgg?{ei%Fsgﬁ(‘?lﬁiet%%dwggrﬁlﬂo%?g%hﬁ s yFour
conduct edtnEirtdsouts peverdpoiymesignalithuenchi 0gcagesht Obetictkt ar@et and
sequenceQr on 15 said probe. 55. A nmethod of detecting a quadruplex, said
met hod “conpri si ng:

47. The guadruplex of Claim 35 wherein each interacting base

15 of the said second strand interacts specifically with both the
adjacent base on the said fourth strand and the base on the said
third strand, the base to which the said fourth strand base is
bound.

48. A quadruplex of Claim 47 wherein each of said four

20 strands is heteropolymeric with a G-C content between 10% and
90%.

49. The method of Claim 2, said method further comprising a
step (3) in which the triplex is detected.

50. The method of Claim 29, said method further comprising

25 an additional step (3) in which the quadruplex is detected.

51. The method of Claim 49, wherein sgaid method
discriminates between a perfect base-pairing-rules match, a one-
base mismatch or deletion, and a 2-base mismatch or deletion,
between the duplex and the single-stranded molecule in the

30 triplex.

52. The method of Claim 50, wherein said method
discriminates between a perfect base-pairing-rules match, a one-
base mismatch or deletion, and a 2-base mismatch or deletion,

between the first and second Watson-Crick duplexes.
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providing a target nucleic acid or nucleic acid anal ogue having a target
sequence, wherein said target sequence 20 contains at |east one purine
base and WD okgex®s1 one pyrim di ne base; providing a doubl ecstiBexder: probe
conprising a nucleic acid sequence or a nucleic acid anal og sequence;
provi ding a hybridization accel erator agent; 25 adding said probe, said
target and said hybridization accelerator agent to a nediumto provide a
test sanpl e SeonPamathgdaiMiemetdnigle guiglepl exatdnpeilsdd gt s prpbe

bound to sai ¢ {an0aHLSe0YeRR: | i at t .S e Wth exciting
radi ati on to% 301baq e test séﬁp(%ﬁgggé%1 Iﬁ?%%f%%@é%C9E%%f%f%%ﬁ?uc eLc
detecting an intemsiitdy ayfalegue f Fowpadeény radtatgen, seheeeice ,Sailterein

. ity : e nity bet T b g
s o tar et sequenca™ tabgeloBeRiRHsRY5oBk R Berk ol Bl o3 el LAT T
from sai d i ntensi epdamtexdeast oherpyohimigliinet weee ;sai d probe and said

W thout - prov T A A Py el R H3nt BACCATH Fa7foPSRguiRod r™ on
5 said probe. -89nucleic acid analog sequence;
providing an accelerator agent;
10 adding said probe, said target sequence and said accelerator
agent to a medium to provide a test sample containing
a triplex complex comprising said probe bound to said
target sequence, wherein all base triplets of said
complex are members selected from the group consisting
15 of A-T-A, T-A-T, U-A-T, T-A-U, A-U-A, U-A-U, G-C-G and
C-G-C;
irradiating said test sample with exciting radiation to
cause the test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,

20 wherein said intensity is correlated with a binding

affinity between said probe and said target sequence;
and

determining from said intensity an extent of matching
between said probe and said target sequence;

25 wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target sequence or on
sald probe.

54. A method of detecting a triplex, said method comprising:
providing a target nucleic acid or nucleic acid analogue

30 having a target sequence, wherein said target sequence

contains at least one purine base and at least one
pyrimidine base;

providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog sequence;

35 providing a hybridization accelerator agent;
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adding said probe, said target and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick triplex comprising said probe
bound to said target sequence;
irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;
and
determining from said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without
providing a signal quenching agent on said target Sequence or on
said probe.
55. A method of detecting a quadruplex, said method
comprising:
providing a target nucleic acid or nucleic acid analogue
having a target sequence, wherein said target sequence
contains at least one purine base and at least one
pyrimidine base;
providing a double-stranded probe comprising a nucleic acid
sequence or a nucleic acid analog seguence;
providing a hybridization accelerator agent;
adding said probe, said target and said hybridization
accelerator agent to a medium to provide a test sample
containing a Watson-Crick quadruplex comprising said
probe bound to said target sequence;
irradiating said test sample with exciting radiation to
cause test sample to emit fluorescent radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a binding
affinity between said probe and said target sequence;

and
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determining from said intensity an extent of matching
between said probe and said target sequence
wherein said method is a homogeneous assay conducted without

providing a signal quenching agent on said target sequence or on

said probe.
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