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TRI PLEX NUCLEI C ACI D HYBRI DI ZATI ON | N SOLUTI ON UTI LI ZI NG FLUORESCENT

| NTERCALAWORS/468PECI FI CATI ON 5 BACKGROUND OF THE | NVENTI @¢TliBod#®Bal of

I nvention The invention relates to nethods of sequencing or assaying

nucl eic acids, and nore particularly to thods of assaying triplex and
dupl ex nucleic acid hybridization 10 conpl exes enpl oying fl uorescent
intensity nmeasurenents. 2. Description of Related Art Fluorescent dyes
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- Fluorescent dyes have been used to detect and
guantitate nucleic acids for decades. 1In their most basic
form, fluorescent intensity-based assays have typically

15 comprised contacting a target with a fluorophore-containing
probe, removing any unbound probe from bound probe, and
detecting fluorescence in the washed sample. Homogeneous
assays improve upon such basic assays, in that the former
do not require a washing step or the provision of a non-

20 liguid phase support.

For example, U.S. Patents Nos. 5,538,848 to Livak et
al. and 4,220,450 to Maggio disclose homogeneous
fluorescence-based assays of nucleotide sequences using
oligonucleotide probes in solution. However, these patents

25 require the use of a quenching agent ih combination with a
reporting agent, so as to distinguish between the signals
generated by hybridized probes and unhybridized probes.
Livak et al. also requires the use of enzymes in its
disclosed method. Quenching agents and enzymes add

30 complexity and expense to the methods.

U.S. Patent No. 5,332,659 to Kidwell .discloses a
method for detecting nucleotide sequences in solution using

probes comprising at least two fluorophore moieties. The



WO 01/ 46467 PCT/ 1B00/ 01930 2 fluorophores nust be selected to
electronically interact wth each other when cl ose enough to vary the

wavel engtwo dapggrdence of their spectra. Unhybridi zed proheg/@ogoldsch nore
fl exi bl e than probes hybridized to the target 5 sequence, and consequently
the two fluorophore noieties on each prqpe are nore likely to be close to
each other when the probe is unhybridized than when the probe is

hybri di zed. us, a,change i ] SSi el_engt 2| _at i e
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assays have Efipf §Bcﬁn95rg§FéFiﬁ8e¥?58ropﬂ8$¥§rlﬁgz?g 85%@8? %E%I%Pghacid
hybri di zat i oporbased esribilee abidn t prafesudyridiraghortes tiohdi ndabgeween
strands of nucleic acid.in a h brigaza%'on conggex. For exa Iei U. S.
PatenP No. 5S5§94eBS?.t GRELFRBSERUSPE LY bEIBEBS uﬁﬁ?ﬂgarﬁnﬂgE?F FBron
detecting andaguapiichat i@ mEauclieils; aw bt asid eso dfadhedeheedwhen

enbodi nent relies on_the jntercalation of a e into a dqubl e-stranded
nucl ei ¢ aci&hﬁelEFQﬁesiH@Ieu%?Y%ﬁﬂgﬂzﬁ clég%nacw enTh&Rfye PFPRRr estes

after intercalgtiign-aad the dtensidy difarge di 1€Ct eiBSSUGRMEREVOL ehiEh
anount of nucleic acid present in 25 the sanple. Wile the nmethod of Burke

et al. is pucperedatecdo e tiseffifles oPRRB UGy IR dMBURECEEdnuRPei 8Raci d
in ajgssanpl e,; e QRS BECIHC ARG e RERD oML i gak &0l @ e .NUCI €1 C

acid upon which the nmethod is based renders the nmethod inpractical for
det ecti ng speci fi &-6i-n@iegntatiopabt Bl dRPy tenlEr cEondi t RdRS AhEFéoses

non-targel niehBlerdthd gYBLEXES-ALE BaeRANtaschys MANhudeiR BAdidd7 Lo
guro et al. discloses an assay which is purported to inprove upon
assays that hybridization.
Some assays have employed intercalating fluorophores
15 to detect nucleic acid hybridization, based on the ability
of such fluorophores to bind between strands of nucleic
acid in a hybridization complex.
For example, U.S. Patent No. 5,824,557 to Burke et al.
discloses a method and kit for detecting and quantitating
20 nucleic acid molecules. A preferred embodiment relies on
the intercalation of a dye into a double-stranded nucleic
acid helix or single-stranded nucleic acid. The dye
fluoresces after intercalation and the intensity is a
direct measurement of the amount of nucleic acid present in
25 the sample. While the method of Burke et al. is purported
to be useful for measuring the amount of nucleic acid in a
sample, the non-specific binding between intercalator and
nucleic acid upon which the method is based renders the
method impractical for detecting specific binding,
30 particularly under conditions where non-target nucleic acid
duplexes are present.
U.S. Patent No. 5,814,447 to Ishiguro et al. discloses

an assay which is purported to improve upon assays that



WO 01/ 46467 PCT/ 1B00/ 01930 3 rely on non-specific interaction between
intercalating agents and nucleic acid dupl exes, such as Burke et al. and

an earl i ewoaRa@ys7descri bed by Ishiguro et al. in Japanese pdiaieadiokubl i c
Di scl osure No. 237000/ 1993. The earlier 5 devel opnent conprised addi ng an

intercalating fluorochrome having a tendency to exhibit increased
intensity of fluorescence when intercalated to a sanpl e solution before a
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charact eri zeg R pf-hapubec P& liced-ael Snsl nglerotio/anded ol igrnuekedt bde
| abeled with an _intercalating fluorochrome which is to be_intercal ated

into 5a conpliEveiopmensi SEMRE 156G PG ipet RBehnEerspdBELRECFERETOGRFA™ENd a

single-stranged ol 0gnuGlRiddy. Piebeexhiinaddi thepetaetineatenayeyt ! gaed
devel opnents whicht 20 detect fluorescent intensity, sone_have touted the
advant ages off fuoyesesee®t Whsirardintgriced aa4eshfe. aHeREPEe, solHEiengpgtfore

significant dr %\ﬁ%%&%ifct Qeg%ﬁr beati enzhased,c ASSA%R: d iR daghee rebachgnge

in polarizationtas a function of binding can be unpredictable, and
i nterpretati ®CRof aual ansgbsuninonfle? i ieeonsi vt eht LHapresoeRpROEEPNCEhe

expecgtati ons _ _can.requir for. o I i abal ytigal
merhal part A et PREE ebn e T EuhE SRESERALE ') Mol Yuke
f or egoi ng devplapnenitss thaeedrbas mow@itimuetid exferei pmphafacatfion.a

o Mo SOy, SfhSgn 00 MR et Waneluaiie
PCT/ 1B00/ 0193¥velopment by providing an assay having improved
specificity, characterized in that the probe is a
15 single-stranded oligonucleotide labeled with an
intercalating fluorochrome which is to be intercalated into
a complementary binding portion between a target nucleic
acid and a single-stranded oligonucleotide probe.

In addition to the aforementioned developments which
20 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 polarization as a function
of binding can be unpredictable, and interpretation of data
25 to conform inconsistent data to theoretical expectations
can require more effort than is desirable in an analytical

method, particularly when the method is to be automated.
Despite the foregoing developments, a need has
continued to exist in the art for a simple, highly
30 sensitive, effective and rapid method for analyzing
interaction between nucleic acids and/or nucleic acid

analogs.



4 Al references cited herein are incorporated herein by reference in
their entireties. SUMWARY OF THE | NVENTI ON The i nvention provides a nethod
for assaywopibiesdi ng, 5 said nethod conprising: providi nca/mas/geso
conprising at |east one nucleic acid sequence; providing a probe
conprising a nucleic acid or nucleic acid anal og sequence inperfectly
conplenentary to 10 at |least a portion éf said target; providing an
LoLercalating, genyy PSLELACEL! D gkl A8 FhobRhdrLILATfgkath gy 20N
conprises a fluordophore; a 8|ng sai pré%e, Said target and sal

i nt ercal ati ngefébveagentint chailrybntdreatiesn nediumto provide a test

sanple; irradiating said teStﬁﬁﬁﬁgggrQ%;@%ﬁfggﬁfﬁ 5 diation to cause said
fl uorophore to emt fluoresce ratTorn, ing an intensity of
said fluorescent rad dnhventiowhereivideai d matbodi fyrisssadingdbindingati on
of a binding affinity between said probe and said target; and determ ning
from Sai d i nt&nSi PYtER%e PERELSENIS5 ni smat chi ng bet ween sai d probe and
said target. BRI brobESERGPTH Ok ChetHE RRAMSNGS Tae Lasent icoe whhtldic
described in conjunction with the follow ng drawings in which |ike
reference nunerals de§igRatteIUSRESE| enent s and wherein: 30 Figs. |A 1B,

2, 3A, 3B, 4, 5, BAcv8BinGla FBob8Ac i SBhd@rL ne@IRAY beidr aphsuefefdxi num
fluorescent intensities plotted as a function of tegperat&re for each
sanpl e anal yzed. WO 0fcic4srapey dgmerpdddgperfectly complementary to

10 at least a portion of said target;

providing an intercalating agent, wherein either said
probe or said intercalating agent comprises a
fluorophore;
adding said probe, said target and said intercalating
15 agent to a hybridization medium to provide a test
sample;
irradiating said test sample with exciting radiation
to cause said fluorophore to emit fluorescent
radiation;
20 detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
a binding affinity between said probe and said
target; and
determining from said intensity an extent of
25 mismatching between said probe and said target.

BRIEF DESCRIPTION OF THE DRAWINGS

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

30 Figs. 1A, 1B, 2, 3A, 3B, 4, 5, 6A, 6B, 7A, 7B, 8A and
8B are composite graphs of maximum fluorescent intensities
plotted as a function of temperature for each sample

analyzed.



5 DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENTS The invention provides a
rapid, sensitive, environnentally friendly, and safe nethod for assaying
bi ndi ng baigoaargs@a target and a probe, wherein the target @QaEpsHi®ss a
nucl eic acid sequence or a nucleic acid anal og sequence and the probe
conprises a nucleic acid sequence or a nucleic.acid anal og sequence.

Unli ke certain prior art assays, the invention not only detects the

presence of hybri di_zation ut_ al i al'ggggﬁﬁ%ﬂgg
quantitative inforﬁﬁ??ﬂ?ﬁgég%ﬁf§§?%§9 N et ween a

8_r ob_e anpl Lar get. Thfghus,ifntviéeltii@ylent iprovedRiY es d he ya@iod ) ti osensivive,

i stinguis anpng a perfect patch,_ a one pbase_pair m smatch, a two, base
pai r nisnatpﬁ?”&rPHF§€tB&§¥'p5¥+e%¢%ﬁatéﬂ¥ aS3h 6%§ghﬁg?FCT5 YPRY TR, a
two base pai pidghal MeaRtrR 4 hFgegbasangair prdplest dibrdathoghearenasget the
invention conprise calibrating the, fluorescent intensity nmeasyred for a
first5probe-F&m@éﬂseﬁiﬁtHP€1§@§iﬁ§ﬂdiﬁF§H§PF?eQre§h?ﬁ?#@gcb9cb h2t3pP8bes
20 conbined Welfielbe sarerhargebbandhidiel sa® nilakadl abidyseggente vherein
each of the other probes differs fromthe first probe by at |east one
base. The f| BoresSdEAL AtiterSialpIdOCEUEEFS-n the net hod of the invention
increases with ingnagsi ng.binding-abhi nidty Desyeen the ProRe@sh 280t
target. The instant nethod does not require the ™ neasurenent of the

pol ari zat i onowflyf | detestenceheurpikeenge ustfes babrigddizestdcspy RELho@sSOA
cal i bration n .aLe w?g; i L i IS chion of
the.gf%ding g#%%ﬁf%@ gg?&ggﬁgéﬁ% 9%% afgggzgﬁgmb?gggg%ﬁgxfﬁér%?%g?%gé
affinity betwhken ndeurear gét hylpdidiglagisn thetofeafi f # epaebeprabéstatgeEs wit h

vo TG vs, Hreld CERERIRRRRER e 0 7 IS i ARERY R Bhoratess”

among a perfect match, a one base pair mismatch, a two base

pair mismatch, a three base pair mismatch, a one base pair
15 deletion, a two base pair deletion and a three base pair
deletion.

Embodiments of the invention comprise calibrating the
fluorescent intensity measured for a first probe-target
mixture against intensities exhibited by other probes

20 combined with the same target and the same intercalating
agent, wherein each of the other probes differs from the
first probe by at least one base. The fluorescent
intensity detected in the method of the invention increases
with increasing binding affinity between the probe and

25 target. The instant method does not require the
measurement of the polarization of fluorescence, unlike
fluorescent anisotropy methods.

A calibration curve can be generated, wherein the
intensity is a function of the binding affinity between the

30 target and probe. As the binding affinity between the
target and a plurality of different probes varies with the
number of mismatched bases, the nature of the mismatch (A-G

vs. A-C wvs. T-G vs. T-C, etc.), the location of the



6 msmatch(es) wthin the hybridization conplex, etc., the assay of the

i nvention can be used to sequence the target. The invention enables

qguanti fyi wg d1he4dsi ndi ng affinity between probe and target .pCusho/omBor mat i on
can be valuable 5 for a variety of uses, including designing antisense
drugs wth optim zed binding characteristics. Unlike prior art nethods,
the assay of the invention 1is preferably honbgeneous. The assay can be
conducted w thou arati,ng .th rope-target, conplex fromthe fre 0
probe and taWé@Pa%Fﬁggs§o“Fﬁ%“fﬁ58$ sggﬂflgﬁ?%E%??ycoﬁggg%%ir%}c‘Théggésay
does not reqyig@yacgethsepatraht@bn ghapbet ice@byoatéguengeatlge eadrgecr ease
in testing throughput. Quantitative anal yses are sinple and accurate.
Further, the assaghﬁslﬁVg?EFaﬂl?nﬁkﬂﬁaﬁé¥¥%%'%FX%rﬁb%b&éhéB%%“?Sagg}%}F%n,

el imnating b@%wé@ﬁUFE@BEDén&0&a§§@@!aEﬁﬁﬂlthohﬁhﬁdoﬁo&ahexésvélﬁﬁbyébound

probes, by either filtration and nuneroas wa hing steps or b ge%
el ect Pophor e§P¥. @ vBKsEEYeREI YSBHe BRAYFAGNIsLEFIIRAYVRY %an?e%? t #8928 nd

expense, andyGaR Bgt%%iz@a pyhoHRECdnalukiRerEREes it 20 enabl es bindi ng
vari abl es such as buffer, pH ionic concentration, tenperature, incubation

time, relative cYUnddker PUioFs agft MUBOMNd the FEs3eqRientl, InVeRFtarat or

concentrati oy | aiggbgeaguences, Thengtds/f BrAD& . segHencesa and
possi bl e cofggt ré%ﬂ?é% nts to be rapidly 25 éﬁiernineé% Mor eover, the

i nventive aswdyhoutpseparaiing dhvuardewanani gred e nfrem stigpafree
guenchi ng agent.,an tar or t he _pr ) nmbogdi i 8.,0f

t he ﬁﬁventioﬁrgggci%ggalﬁﬁg%%6 dgfggf t??plggghy %?é?%%??gﬁ bgﬁgggﬁ%? e
probe and t héeteotling-.st r @dndedssaygetoes hust obefutkag & leehegdpravatenat ure

(he, Laroet: Wike PYASRlPe Jes, een JILAD [ Bi0Lalidl pyss bt ing
: throughput. Quantitative analyses are simple and accurate.
Further, the assay is preferably conducted in a homogeneous

15 solution, eliminating the requirement for separation of
bound complexes from unbound probes, by either filtration

and numerous washing steps or by gel electrophoresis.

Consequently the binding assay saves a lot of time and

expense, and can be easily automated. Furthermore, it
20 enables binding variables such as buffer, pH, ionic
concentration, temperature, incubation time, relative

concentrations of probe and target sequences, intercalator

concentration, length of target sequences, length of probe

sequences, and possible cofactor requirements to be rapidly
25 determined.

Moreover, the inventive assay is preferably conducted
without providing a signal quenching agent on the target or
on the probe.

Preferred embodiments of the invention specifically

30 detect triplex hybridization between the probe and the
double-stranded target, thus obviating the need to denature
the target. While PNA probes have been known to form

triplexes with certain classes of targets (see, e.g.,



7 Egholmet al., 365 Nature 566 (1993), and Tonmac et al., 118
J. Am Chem Soc. 5544 (1996)), the inventors were surprised that they were

abl e to specitfdegal |y assay triplexes formed between singlpgsigigncsd
nucleic acid (e.g., ssDNA and RNA) 5 probes and doubl e-stranded nucl eic
acid (e.g., dsDNA) targets. Suitable probes for use in the inventive assay
i nclude, e.g., ssDNA, RNA, PNA and ot her hucleic acid anal ogs having
unchar ged backbones. Probe seguences having 10 any length from8 to

20
bases are prEgBPABIeS| Ade t BFR NRLUFQSGHNGE AR hPRAWAPERCt RE &frar | £58

uni que DNA sgqugnegsnQisodr @sa;rz;yog%@gd, aukar wot s ¥ e Fepadsubppbesgof 12
to 18 bases are particularly preferred since this is the length_ of the

smal | est uni Ghetssheanwexe abillke tRUABBCHEABARLY | AS3BY chBSBLAERE ST OPPBBes of

6,30 bases apg Reheliah Mdihalmeddanes el Bgi1a0gE 81 of SEORE. aHAVRNEY, 2
plurality of =~ shorter probes can be used to detect a nucl eoti de sequence

havi n§ a pl upaldbeg ofindondonbeestaagdedsagieiies ©ifddei fe - Jwhi cBSERRDI ne
to uni quely %%ﬁ@%igy t he nucl eotide sequence. 20 The invention does not
requi re the use“of Tradioactive probes, which are hazardous, tedious and
ti me-consuni ng toSwisebland prebgst o fiow cusst adnl ythegehevanedvePr aB8sy of

t he inventig%da%%fpreggéqblxﬁgﬁgg gﬁg sedﬁpﬁ ?hgblgtgég Y 1®ic aci

Accordi ngly, "probes ‘can’"bé’ na r' ordere arge guantities an
stored. The iamsdoiger hawedng ahsbasgedrbaekbonesli s@ovde skguengasahbeingNA

probes. out perform nore convention Y, nt hesi Nt L= pak e :
pr obed. When5ﬂ¥;ﬂﬁﬂﬂég(ﬁ%%ﬂﬂ% E%?%%tb%%%%é%%%égggﬁgrﬁ%?eggﬁé% #H?%Q?Fold
| onger than 3hd RanBNAwprbbheswhibh phe adrhael 1estd wniduea Dl elegBNAcpsobEs

vere el ool Ty SLLBLLS LD, bel e perfertly qumighed gyl ofc
two base pai phed e YU Oiléditehblly RETE ABOED19B0ce this is the length
of the smallest unique sequences in the human genome. In
15 embodiments, probes of 6-30 bases are preferred, with 15
bases being 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.
20 The 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 years.
Accordingly, probes can be made or ordered in large
25 quantities and stored.

The inventors were also surprised to discover that
parallel PNA probes outperform more conventionally
synthesized anti-parallel PNA probes. When the nucleic
acid target sequences were more than three-fold longer than

30 the PNA probes, the parallel and antiparallel PNA probes
were equally efficient in distinguishing between perfectly
matched nucleic acid hybridization complexes and those

containing various one base pair, two base pair or three



8 base pair m smatches. However, when the target DNA sequences were the
sane |length as the PNA probe sequences (i.e., 15 nucleotides |ong),

paral | el Ridhvipsepes were nuch preferred than anti paral |l elpdiNS8o®IOBES,
because of greater 5 differences in observed fluorescent intensities
between perfectly matched conpl exes and one or two base pair m snmatched
conpl exes. Although the exact nechani sm t?y whi ch parallel PNA probes are
preferred un

such, constlo s, 1s not 1 bs o]
suggest t hat gtaﬁg nPeit cReE P ?lé??él P&Vﬁ\%]ﬂyb&h zatgl %n %%%%{éxg‘“%re
I essI tS_t abl e Islaqnehb%s aﬁéadleosmi@ sansHtexiepch @ igier BNl pRMe Dhghsyeésls,
resulting in less intercalatiqon of  the nucleic,aci |nte I h
| over obser véd -fl-uorles B8 Pﬁf‘gﬁ?l £9ndig B%Fﬁg%‘?ﬂ B pf)(rje %r‘rﬁée%étrﬁgghtﬁgce
probe and tapgeirekeedquithibebediphutlialabiRr padbes, ehboduaenbﬁ gt@@terIS an

intercalatin a ent covalently bound to. the b I
the i Bt er cal SHifAGTEFSHS | §0p (] ﬁ%‘a%e {‘)eomgo Wﬁ?sucgﬁg {:‘f"ﬁ%? end.

I'n other eﬂb @r’f%'&tt%y t hgtbALar Cabmbl g gerid |§n€0torCO:Wﬂ eb’alsyé bpabd t o
the probe, al'though i't can insert itself between the probe and target

during the agggyatiches coEpdE€X§énding to the probe in a non-coval ent

fashion. 25 Prefewy%%dd§ el €3 akbikAg r AGRM i@ US® Whikhe pdaerdl opNA
i nclude, e.g., YOYO 1 Oro-1, ethidium brom de, _ ethidium honodj nmer-1,

et hi di um honpdiches AzmdpEefeEre@. UnfAT geHERaIcondiE Lomtericnl BRY nkPaH8nt i s
a moigfy thatl:}#e%e aphg 9a£f§ﬁéc%h%b%sleewl‘?§@ gheantsmft ehabippg¥aandior a

30 trlplex nucleic aC| conpl e In~preferred enbodi nents, the
i ntercal ati n@Nag®NA (ybuidorpohent conplesey pxe é%@ntﬁ%m)ﬁ than the

o TSl USRS st
resulting in less intercalation of the nucleic acid
intercalator and hence lower observed fluorescent intensity

15 values.

It is preferred that the probe and target be
unlabeled, but in alternative embodiments, there is an
intercalating agent covalently bound to the probe. In such
embodiments, the intercalating agent is preferably bound to

20 the probe at either end.

In other embodiments, the intercalating agent is not
covalently bound to the probe, although it can insert
itself between the probe and target during the assay, in a
sense bonding to the probe in a non-covalent fashion.

25 Preferred intercalating agents for wuse 1in the
invention include, e.g., YOYO-1, TOTO-1, ethidium bromide,
ethidium homodimer-1, ethidium homodimer-2 and acridine.
In general, the intercalating agent is a moiety that is
able to intercalate between strands of a duplex and/or a

30 triplex nucleic acid complex. 1In préferred embodiments,
the intercalating agent (or a component thereof) is
essentially non-£fluorescent in the absence of nucleic acids

and fluoresces when intercalated and excited by radiation



9 of an appropriate wavel ength, exhibiting a 100-fold to 10,000-fold
enhancenent of fluorescence when intercalated wthin a duplex or triplex
nucl ei ¢ awigh1@g! ex.. I n alternative enbodi nents, the intigrogb@biong agent
S may exhibit a shift in fluorescent wavel ength upon intercalation and:
excitation by radiation of an appropriate wavel ength. The exact

fl uorescent wavel ength may depend on thé struct ure of the nucleic acid
that is intercalated, for exanple, DNA vs. RNA, duplex vs. trlp etc.
10 The excit afi Gm wapPerepgiRtes %Y@&%Rbyeﬁbapﬁﬁéngex%eﬁ Reke éﬁ orP

and/or conveqpi gRAL f%'ia"“e%%%)cetm%ntcwfr SRV dRridy SyieXei 1@t dHfa TRXEAUM
for the fl uorobhore bei ng used, and is preferably 200 to 1000 nm

| nt er cal ati nyidhent & guplprepsr §§P§Pl§§l BeEdgifoaRade CQAPIS%eni ssi on
wavel ength of 200 {0 %O&ﬁﬂldéﬁ &&{rﬁéﬁtserr%@ nﬁfﬁ&ca@fh@r@na?@ﬂt' aser

is used to irradi ate t orop re with light having a wavelength in a
rangeSof 40Mayo Sabifht amd fehiditescent Eesssrent derveteydth aup@lange

of 500 to 7506,%;(:%%*1% aﬁayegéhw@lw@tf gcr%qrbrp%fpshf%ﬁ%pm&e

w de variety Sratur s, suc Certain prior
art assays rmtsnerlengitm/at Edet expet a&lme@sce;dmwed@tgtén@ad’edapend fPhe

a Onh th th
ompor ature SPopBrGHeCaee Rl geht AfFE¢RE S TR TR TREL Pa1R000, for
reliability ekampdd,N\DNA ven RNA,ndieypdecke v . oftxapl@xanlen:e: .and cytosi ne

COM S5, 1,23 AR RS, GRS B 5011 DR g8, b
ﬁieqlﬁgrcrenssl ??r?mp{eglmeel?itﬁ}?feo;ﬁ Orarfﬁmt teln:torwl;mtrrmsrmlst ab]knowbecﬁge)ssi ngo
ner ease t he COETERREEN K THE TGS TR AntCT aF et 17 gt Sh aBve
that present gdimRer f agkhy V\QIQiLM@%? ﬁ@féﬂ!@iﬁw&@o to 1000 nm.
Intercalating agents are preferably selected to have an
15 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 540 nm, and fluorescent emission is detected in a
range of 500 to 750 nm.
20 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 delay to the assay. On the other hand, the
invention can be conducted at room temperature or below
25 (e.g., at a temperature below 25°C).
The reliability of the invention is independent of a
guanine and cytosine content in said target. Since G-C
base pairs form three hydrogen bonds, while A-T base pairs
form only two hydrogen bonds, target and probe sequences
30 with a higher G or C content are more stable, possessing
higher melting temperatures. Consequently, Dbase pair
mismatches that increase the GC content of the hybridized

probe and target region above that present in perfectly



10 matched hybrids may offset the binding weakness associated wth a
m smat ched probe. Hybridi zati on conpl exes containing every possible base

pai r m srmaiochi/egyween the probe and the target proved to pea/igodeosnst abl e
than 5 perfectly matched hybrids, always resulting, in [ower fluorescent
intensities than did perfectly corrpl enentary hybrids. The inventive assay
is extrenely sensitive, thereby obviati FIS the need to conduct PCR

anpllflcatlon of the_ 10 target. Far exa v It sible to ass a
Fent Sampl o MARGHES VINE BRYAREEES0 CHEcDoiBES vBRRRERS oM Le Cdbout

10 fent onol eg,;i¢h t ag gehiandeabeut 1Or-diwart onol es/i0fi d Piobion Embegipients of
the invention are sensitive enoug h to assay targets at a concent ration of

5 X 10- 9M prostdcdEipg Ty E@ﬁ%blﬁ%?abﬁéﬁ @@%tmlrﬁﬂ%tqfha‘ae‘sw%erio B ™

Embodi ment s ﬁﬁf fbteh ahBYVeRtd OR 3R Sepsbibde ©Nough hor&MImitay1ebesnah a
concentratio 5 X 10-9M preferably at a concentration of not_nore than

5 x 1610 M perfsmiinl getwhasouthydbajidsy edaavshe resudgdingg ¥l uésvare not
i ntended to gﬂ)%ﬁet c{]er}gcil d&g hdee TBE hedananiief geteste I 9bemp 1ementacriy

concentrations at1on nmedi um can be any conventi onal
known to be shyl:nalﬁaa for pr eserving nucl eotides. See, e.g., Sanbrook et

al ., "Molecular i n}g[1 g& ?I &esV&t]% f)gsg%nsfeiv xappLee

i qU| d medi um can conpri se fu ers an st angar salt
concentr at i orsovidthimali zhei mdnbtmeno@dmten%(ﬁkaraylpﬂaigsa@cmm Lindbe a

wi de variety of cqnditjons_havi ngvrt t j r a
Concehir at | ot AT 1 EeParTaTE Pengtnt E RORRIP e 1 e e ob EeSn s ER
of these conmavmfgs antoloueehasts aMuappbylmg:ndﬂarneame, kwipivoh i nonhelast. I t

A T e SN R S
probe. Embodiments of the invention are sensitive enough
to assay targets at a concentration of 5 X 107°M, preferably

15 at a concentration of not more than 5 x 107'° M. Embodiments
of the invention are sensitive enough to employ probes at
a concentration of 5 X 10 M, preferably at a concentration
of not more than 5 x 10*° M. It should go without saying
that the foregoing values are not intended to suggest that

20 the method cannot detect higher concentrations.
The hybridization medium can 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 ligquid medium can

25 comprise nucleotides, water, buffers and standard salt
concentrations.

Hybridization between complementary bases occurs under

a wide variety of conditions having variations in

temperature, salt concentration, electrostatic strength,

30 and buffer composition. Examples of these conditions and
methods for applying them are known in the art.

It is preferred that hybridization complexes be formed

at a temperature of about 15°C to about 25°C for about 1



11 mnute to about 5 mnutes. Longer reaction tines are not required, but
i ncubation for several hours will not adversely affect the hybridization
conpl exeswoRnméigded that a suitable fluorescent intercal atpfdiaBofo@gent is
included in the reaction m xture (as discussed earlier), under the vast
majority of cases, other facilitating reagents are not required. However,
it is possible to facilitate hybridizatildn in solution by using certain
reagents. Preferred exanples of these reagents 10 include_single stranded
bi ndi ng pr ot SHILRCHP APREE A MHRGERF n, g‘an%%ﬁer%?cb%%‘fleﬁfﬂe% aEB| PO ngl e
stranded D &C!:Tldgﬁﬂcﬂt eight MR B0 JWCIRiveraal d naieevewhiindi Agt
proteins, divalent i1ons, polyvalent ions, viologen and intercalating
substances sudverselhiafiienthriom dybuBliat HmRITPIS*9f%oral en, and

angel i cin. Such T%A\}itc?éd nehaeeaaqe@hag%zeprpmf@ﬂéﬂtl Ane¥tEaNBting
operating conditions, or exanpl e, under abnornmal pH levels or extrenely
hi gh Eglrrperaagﬂrés. iFhéniclucled Vi atbay reastieonuseikture e(gs, diigenssed 20
accessible regions in fo nu ot i eqﬁJaejﬂga_e&I- t o ¢ de Lnhe nmber
of m smat cheogébrglgee%)a’l rsbﬁﬁgg ‘ﬁz%}gri #gsgtsi on tonp %X,Ofandtcts%gbrrép Sleaﬁlgrgrues.
The inventi onfadilitmetitd usergeatsi mnereoderagliinvedh rRdwgweice 1o tise

| nventi on i & IO HkREE 1 RSB L Rt BYE PR B b AL BV AN o T Bohnse

and anti sensec&f-att seBiAntar. get Peefjeeneds exadPleer iofedthesen exageb® sof

(e N cyolL LAl R Y 5220 N0 gugte spnkeeed
by HPLC. Equipedesimount sgeheCconpl anstieiry, W .01£4646 7 R < Bedrahaed
binding protein, major or minor nucleic acid groove binding
proteins, divalent ions, polyvalent ions, viologen and
intercalating substances such as ethidium Dbromide,
15 actinomycin D, psoralen, and angelicin. Such facilitating
reagents may prove useful in extreme operating conditions,

for example, under abnormal pH levels or extremely high

temperatures.
The inventive assay can be used to, e.g., identify
20 accessible regions in folded nucleotide sequences, to

determine the number of mismatched base pairs in a
hybridization complex, and to map genomes.
The invention will be illustrated in more detail with
reference to the following Examples, but it should be
25 understood that the present invention is not deemed to be
limited thereto.
EXAMPLES
Example 1
Sense and antisense 50-mer sgsDNA target sedquences,
30 derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (1996)) were synthesized on a DNA
synthesizer (Expedite 8909, PerSeptive Biosystems) and

purified by HPLC. Equimolar amounts of complementary



12 oligonucl eoti des were denatured at 95C for 10 min and allowed to anneal
gradually as the tenperature cooled to 21C over 1.5 hours. DsDNA

ol i gonucl @@t j1dgss7wer e di ssolved in ddH20 at a concentr at ipg/8ho/d1930

prol e/, 21. 5 The sense strand of the wild-type target DNA had the

foll owi ng sequence (SEQ ID NO 1): 5 -TGG CAC CAT TAA AGA AAA TAT CAT CIT
TGG TGT TTC CTA TGA TGA ATA TA-3'. The &Atisense strand of the wld-type

target DNA had 10 the foll ow ng sequence EQ ID NO. 1) 5" -TAT ATT CAT CAT
AGG AAA CAC CAAIRBACTEARLTAPSTICRSTAFRALY T%’f eA- S TOK 5b? mBr Tm At

dsDNA target -§§gURRCE IashidLPagLLahQ11PeabdeRkl GRinpealthe-aMddblieperdar get
DNA (SEQ I D ﬁQ 1) 15 except fg<‘rrJ a one base pair rrutp:?i on (underliped) at

ggT no ﬁci d p8di°ti ewes0Y. athewieh DFENA Pdigppacdeqhéfes vaTe\@dsssehifded to
. The sen d.pof .t hi  Larget had the follow n
sequence (SE%%l %Bﬁ%@z?e g gbr%%égc’%%ga&rﬁﬁ% 1% AA A TAT CGT CTT TGS TGT
TTC CBA TGA TGA ATAe Bar®e stharghtdfsdiwe wikdniarg targebWerhadr gee

sequence had t .0l ] aw u EQA.D\NO.2) il - TAL~AT T T AGG
A A can AN 15 e) AR REIERES WBEROL DN ndel - A T T ThA

dsDNA t ar get Asdquanrde WA pCdfar €FTt 0 TGBe M@Ent TEGI €8Aw TdAt ypeht abet DNA
(SEQ I D NO 1)1,&&(3_ gept for a consecutive two base pair nutation (underlined)

at am no aci ositions 506 and 507 at which the wild-type 30 sequence
CAT was changed t @h&CEntheersense sindinef ofhe wsld dryee saygehceNhabadhe

fol | qui ng sequence (SEQ | DNG ) - 5'(sFGo5AG Y. AR OUAB4GLr car
AGG AAA CAC CAA AGA TGA TAT TTIT CTT TAA TGG TGC
CA-3"'.

A 50-mer mutant dsDNA target sequence was prepared to

be identical to the wild-type target DNA (SEQ ID NO:1)

15 except for a one base pair mutation (underlined) at amino
acid position 507 at which the wild-type sequence CAT was
changed to CGT.

The sgense strand of this 50-mer target sequence had
the following sequence (SEQ ID NO:2): 5'-TGG CAC CAT TAA

20 AGA AAA TAT CGT CTT TGG TGT TTC CTA TGA TGA ATA
TA-3'.

The antisense strand of this 50-mer target sequence
had the following sequence (SEQ ID NO:2): 5'-TAT ATT CAT
CAT AGG AAA CAC CAA AGA CGA TAT TTT CTT TAA TGG

25 TGC CA-3'.

A 50-mer mutant dsDNA target sequence was prepared to
be identical to wild-type target DNA (SEQ ID NO:1) except
for a consecutive two base pair mutation (underlined) at
amino acid positions 506 and 507 at which the wild-type

30 sequence CAT was changed to ACT.

The sense strand of this target sequence had the

following sequence (SEQ ID NO:3): 5'-TGG CAC CAT TAA



AGA AAA TAT ACT CTT TGG TGT TTC CTA TGA TGA ATA TA-3'. The anti sense
strand of this target sequence had the follow ng sequence (SEQ ID NO 3):
5' - TAT ATWOEAhesAT 5 AGG AAA CAC CAA AGA GTA TAT TTT CTT ptAAB#G#H1936C
CA-3'. A 50-nmer nutant dsDNA target sequence was prepared to be identical
to wild-type target DNA (SEQ ID NO 1) except for a consecutive three base
pair nutation (underlined) at 10 am no aé#d positions 506 and 507 at which
the wild-type sequence CAT was changed to Q The sense strand of thi
target sequedEd hAdAt h&ATF oRCIwi ﬁfé"TseEiﬁ@nc'EgFSErQT?D WER4) TCB _Fels AE caT
TAA  AGA AAALTATACG CTT TGG TGT TTC CTA TGA TGA ATA 15 TA-3'. The

antisense strand of this target sequence had the follow ng sequence (SEQ
ID NO 4): 5'-TAT ATF GALIGENSeAGE RN CAC Wk AGYSiA T9guenge TR TGG

TGC CA-3'. 47- ner d r get. 35e ne S e t be

i denti cal toQf%ll]1#}(5’-‘”3'551 e %égug%ggemi%g)gl %%Ng)?i?%xc%ga ?jg? ga{:%segﬁgi ve
three thase p&AG d@réti GAQ | K@Pcatéd bElan Ta | p3Ts) CAT alPho &EFd TCC
positions 507C a_gq 508 at which the wld-type sequence CIT is deleted. 25
The sense strand of this 47-mer tar get sequence had the follow ng sequence
(SEQ I D NO. 5): 5' ATGE-G&2 GATEaTAAdSRBA AARJEATSEATence WaBEBrEERrFRCLCTA

had 1 he fol | B g TgUeHee | ST NG By art TAP Al EEATD MR | ERRE
CA . . . A TGAHTAT cDhEGCHE ivAA thi6e BEEeCAaldr. mWDabibn6468ndPCTARBAY/ €930
14 ThleO PRA pra%)i(arlso u{'isgijdi Botsg%ig)ﬁ%m%lo%s 8\.,1\413 6585/”%1%6%51%% the wild-type
sequence CAT was changed to ACG.
The sense strand of this target sequence had the
following sequence (SEQ ID NO:4): 5'-TGG CAC CAT TAA
AGA AAA TAT ACG 'CTT TGG TGT TTC CTA TGA TGA ATA

15 TA-3'.

The antisense strand of this target sequence had the
following sequence (SEQ ID NO:4): 5'-TAT ATT CAT CAT
AGE AAMA CAC CAA AGC GTA TAT TTIT CTT TAA TGG TGC
CA-3'.

20 A 47-mer mutant dsDNA target sequence was prepared to
be identical to wild-type target DNA (SEQ ID NO:1) except
for a consecutive three base pair deletion (indicated by an
ellipsis) at amino acid positions 507 and 508 at which the

wild-type sequence CIT is deleted.

25 The sense strand of this 47-mer target sequence had
the following sequence (SEQ ID NO:5): 5'-TGG CAC CAT TAA
AGA~ AAA TAT CAT . . . TGG TGT TIC CTA TGA TGA
ATA TA-3'.

The antisense strand of this 47-mer target sequence
30 had the following sequence (SEQ ID NO:5): 5'-TAT ATT CAT
CAT AGG AAA CAC CA . . . A TGA TAT TIT CIT TAA

TGG TGC CA-3'.



HPLC purified and confirnmed by nmass spectroscopy by Conmonweal th

Bi ot echnol ogi es, Inc. (R chnond, VA, USA). PNA probes were first dissolved
in 0.1% Twe d/46i¢71 Tl uoroacetic acid) to a concentration ofpchypo®éidbe and
then diluted to 1 ng/m by the addition of ddH20O Final PNA stock
solutions were prepared in' ddH2O at a concentration of 1 pnole/pl. Probe
No. 1 was a 15-ner antiparallel PNA probé% 10 designed to be conpletely -
conplenentary to a 15 nucl eotide segnent of_the sense strand of the.50-ner
wild-type target THRAPNBERrPPeROVERd é‘)Vth%pE?{ﬁﬂpi?rF nBehgi GYRoRFET 8RS’ 505
to 510‘(hﬁt%ﬁ@gBBQPr%Qaeﬁlgggh)-CEBQiQh@Qe had fhssf okpewtpgscepyuchbyre
(SEQ ID NO 6): 5 -H CAC CAA AGA TGA TAT-Lys- 15 CONH2 - 3 ' . Prohe .2
was a 15- mer CRNmopmsied thdeBipearhnalogigsend®t-o FREGEMRB: 1 VAyut YRS - i n

t he parallel rie iQn, i ad e i el prienpaigon. TFhe
probe had théD ol | vtﬁ%r]fjgeq{t ru“cﬂ%%ﬁe (%{ErQé?D %%@I%& 5'-H TAT AGT_AGA AAC
CAC- Ls- CONHA+3'1 £ IEaaivangidicdiacdtd) or o eaconeanirrtare 5010] F9¢Bhe apRed

the follow ng; 4 tar 4 of, P, ro 29. bnx TBE
and 500 nM ogj}eﬁle %i%r?(t)térocgl Iﬁ?%t}lgmhf a?l%:tg%trfl g;f %?%T?e)s, lﬂ%ﬁgene, OR,
USA) . The r eacidkosofiuctioneswbevprepanedbiat édfa a5@ conosntgakmiomn 8§ to
all ow denat ratig_rég nd then maintained at 80C until assayed. Sanples
were placed i S ({ tz cuvette, irradiated with an argon ion | aser beam
havi ng a wavel engtdrdife 488 .nnLandes meni L6redrr epeaitratial el HNfor BEORAL

em ssion as the 30 t erature decreased w-t i NCUK e ture
nmeasur®nent s =) H‘];Q/@c? W"&queo Sware- &r??nre(%)ltlggy Q%e%péﬁa%lrcgggreggg

pl aced directdegnidiit eRahsamis sthandmmd e Hounees edAdd-itypentiarget

occurred at a wavel ength _of WO 01/46467 .PCT/ 1B00/ 019 n
nal cat 1 ve. ofPiht GEAHR PG ot VOROAT A Aeh@miny acid pod 1A 805 o

510 (Nature 380, 207 (1996)). The probe had the following
structure (SEQ ID NO:6): 5'-H-CAC CAA AGA TGA TAT-Lys-
15 CONH,-3"'.

Probe No. 2 was a 15-mer PNA probe identical in
sequence to Probe No. 1, but was in the parallel
orientation, instead of the antiparallel orientation. The
probe had the following structure (SEQ ID NO:7) :

20 5'-H-TAT AGT AGA AAC CAC-Lys-CONH,-3'.

. Each hybridization reaction mixture (80ul) contained
the following: 4 pmoles of target dsDNA, 4 pmoles of PNA
probe, 0.5 x TBE and 500 nM of the DNA intercalator YOYO-1
(Molecular Probes, Eugene, OR, USA). The reaction mixtures

25 were incubated at 95°C for 5-10 minutes to allow
denaturation, and then maintained at 80°C until assayed.
Samples were placed into a quartz cuvette, irradiated with
an argon ion laser beam having a wavelength of 488 nm and
monitored repeatedly for fluorescent emission as the

30 temperature decreased with time. Concurrent temperature
measurements were achieved by a software-controlled
temperature probe placed directly into each sample. The

maximum fluorescent intensity occurred at a wavelength of



PNA: DNA hybrids. Maxi mum fluorescent intensities were plotted as a
function of tenperature for each sanple analyzed. 5 The fluorescent
intensitia® @hsgrved when no DNA or PNA was present (YOYQCh®od/yiwso oOr when
wild-type SEQID NOI, nutant SEQ ID NO 2 or nmutant SEQ ID NO 3 were
reacted wth antiparallel PNA Probe No. 1 or parallel PNA Probe No. 2 are
shown in Figs. | A and 1B, respectively. %SDNA: PNA 10 hybrids consisting of
perfectly conpl enentary sequences SEQ ID NO 1.+ Probpe 1) allowed

maxi mum i nt e5é& akfen JY%@N(@(D@, el dtRGCA @tFrPBhegf f%'e])scéﬁ‘t the

i ntensities, puainglh | AgHeaged as MaBaru@ITPEIabHEScaiver dagrth«ilii@s | Wre The
fluorescent intensities for a one base pair m smatched 15 ssSDNA: PNA gbri d
(SEQ | D NO 2plovtsise R6. 2) Girelemo AfasBeTBErRtHY S et The FASTDNAHE

hybrid (SEQ I %a'ﬂ?z%&’ Probe No. 1) were 81% and 89% | ower, respectively,
than the perfecty  natched ssDNA: PNA hybrid at 60C (Fig. IA). Sinmlarly,
when Daral |l el PNAHLR obbudpeseenksinyprEdties ohseryetarg@n B B or

sequences. t hiuong, ang,Lunbase il ly ST Ched sSSP AV duf g0 1o

exhi bited fluorescentintensities that were 70% and 86% | ower,
respect i vel y,NaHan ntuttere SR Dy NOoBpbenent any SEQBNANONA Mg geaskEed| D

NO. 1 + Probe Na. 2) at 600G (K th ©f 1mP§1}3ptPglgbeeN@@en

t he probe and“’l\JItQEr% %gﬁpgrrgagtl(ﬁln%}lqéa‘aé% ?efﬁg'lgvcgf%ﬁ nteerca ation by YOYO 1
di m ni shed arg dwescehdvhe hevéligef. flauarescEdt reseectiyelviecr EaD¥a.: PYA s
rel ationship held |rrespective of et her n ant] r l. PNA
pr obel Yhas us&&]&qjﬁi%rgg SAgty Rwneh Bfé F&Fgé’t se@%ﬁﬁ%@g \%E?%%%lhgs 30
sanme | ength agsder’Ngo p1 obersenueNeoes1(i aélpowtl maudheot idésricedgfion

paral o P Bl chssoner o AR BLENS otiohlan eobiostallel SMARtey, |
WD 01/ 46467 RGH 4B09H6183Bedlapethectlenpertthed chrnptencesy afBigne 180 .t wo
base pair The fluorescent intensities for a one base pair mismatched
15 soDNA: PNA hybrid (SEQ ID NO:2 + Probe No. 1) and a two base
pair mismatched ssDNA:PNA hybrid (SEQ ID NO:3 + Probe No.
1) were 81% and 89% lower, respectively, than the perfectly
matched ssDNA:PNA hybrid at 60°C (Fig. 1A). Similarly, when
parallel PNA Probe No. 2 was hybridized to the target DNA
20 sequences, the one and two base pair mismatched ssDNA:PNA
hybrids exhibited fluorescent intensities that were 70% and
86% lower, respectively, than the perfectly complementary
ssDNA:PNA hybrid (SEQ ID NO:1 + Probe No. 2) at 60°C (Fig.
1B). As the degree of mismatch between the probe and the
25 target increased, the level of intercalation by YOYO-1
diminished and hence the level of fluorescent intensity
decreased. This relationship held irrespective of whether
an antiparallel or parallel PNA probe was used.
Interestingly, when the target DNA sequences were the
30 same length as the PNA probe sequences (i.e., 15
nucleotides long), parallel PNA probes were much preferred
than antiparallel PNA probes, because of greater

differences in observed fluorescent intensities between



m smat ched conpl exes (data not shown). Although the exact nechani sm by
whi ch parallel PNA probes are preferred under such conditions is not
known, bSwigw@ag@sg@bservati ons suggest that the m smat ched paraiBh@hi1ostNA: DNA
hybri di zati on conpl exes are | ess stable than the anal ogous m smatched
antiparallel PNA:DNA hybrids, resulting in less intercalation of the

nucl ei c acid i ntercal ator and hence | owk? observed fl uorescent intensity

10 val ues. ngle 2 Fig. 2 denonstrates that, the hybridi zatj on assay of
t he i nventi oRSEARCEIL¥0 B?%%P?ﬁlﬁ&ﬂ%ﬂﬁﬁ?ﬁbeﬁnﬁer?%ﬁnlﬂf ¥ hBASE s B TPNA

hybrids and &Eeﬁsteaaaabamgqeage# (86td BBtlBnhawamatches, as well as a 3 bp
del etion, when a paral probe is enployed. The, assay condltlons mere

i dentical to tho étB@§8htﬁ%ﬁ|ﬁxﬁﬁﬁnﬂ?€h§n1$Welﬁ1u%FégﬁeﬁPQQ%¥§k|?
for a 1 bp mg:?gﬁégh%(}es%}@f&%&y@ﬁa@'r(%@ﬂ Qoﬂ@lgléngr ake nd¥o. kr?&wna

consecutive bp msmatch (SEQ ID NO 3 + Probe 20 No. 2), .a consecutive 3
bp nmi Snmatch EBESEI @b@mvatmmﬁ)esuggesg) thed atheppigepdahed (i hNo 5 +

Probe No. 2) PRRL Bz é@ﬁﬁ]&g%&%@@m&mr@éggcgt%@né drha

tihe
perfectly ma rird (SEQID NO1 + Probe No. 2) at GOC As
t he tenperatanaldgousasemlsmaﬁphe@ t 0aBbEpaesling defaeD¥R d|§fb¥h¢%at|on

'n Bxanpl o 10 pAEIEa. A | A8egLoq EURPIRAC LB (BT iR TRelBFEDaTES (e

in Exanple 1, "7rncre egree of msmatch rob

t ar get resuluademnaﬁamgneasdvhégcdlknwansb@@ekwedl§lobreSbaDte3@@@m81tY
intensity. Nbr over, this pattern of 30 fluorescence was consistent even
when-the nutd ?gquences di spl ayed a percent GC content higher than that
of the wldexgpeleequence (Fig. 2). WO 01/46467 PCT/ 1B00/ 01930 17 When a

|1 el PNA b d t ed t
Pna;?mt ghes m?éosgﬁ&at%dg or?seggét?es? tgagpth %r%%elsza 10 realtssaj}moll bp

the invention can also discriminate between perfectly
matched ssDNA:PNA hybrids and those containing 1, 2 or 3 bp
15 mismatches, as well as a 3 bp deletion, when a parallel PNA
probe is employed. The assay conditions were identical to
those described in Example 1. The fluorescent intensities
for a 1 bp mismatched ssDNA:PNA hybrid (SEQ ID NO:2 + Probe
No. 2), a consecutive 2 bp mismatch (SEQ ID NO:3 + Probe
20 No. 2), a consecutive 3 bp mismatch (SEQ ID NO:4 + Probe
No. 2) and a 3 bp deletion (SEQ ID NO:5 + Probe No. 2) were
41%, 71%, 87% and 95% lower, respectively, than the
perfectly matched ssDNA:PNA hybrid (SEQ ID NO:1 + Probe No.
2) at 60°C. As the temperature decreased from 70°C to 60°C,
25 the degree of discrimination between perfect match and the
various base pair mismatches increased. As in Example 1,
increasing the degree of mismatch between the probe and the
target resulted in progressively diminished levels of
fluorescent intensity. Moreover, this pattern of
30 fluorescence was consistent even when the mutant sequences
displayed a percent GC content higher than that of the
wild-type sequence (Fig. 2).



3 base pairs) resulted in slightly lower fluorescent intensities than
consecutive 2 bp msmatches (data not 5 shown). Simlarly, separated 3 bp
m smat chegygogig@i n three 1 bp m snatches were separ at ed ggy/iIBo®e®s pai rs
each) vyielded slightly lower fluorescent intensities than consecutive 3
bp m smatches (data not shown). These rf§ults suggest that separated base
pair m smatches are 10 nore disruptive of "ssDNA: PNA hybrid formation than

consecuti ve base ir msnmatches le.3 SEQ I D NO 8 - ner. dsDNA
target sequence dg’?’ie%?ed'" $#o E%]Q F@&%Ff}oede%a}%gn%ﬁggb E\é%%g%ﬁ%gt er?ybg
conpl ement ar 1 shattbebr qheNeinl twSEQ U N ndtactREQ wdr NG dFaneted 15y ner
mut ant dsDNA target sequences identical, to w.ld- e.SEQ | D., NO 8 _except
for a one bade PaFF MALFFbn ??ﬁiﬁh?#ﬁéﬂ5.Sw%@%§g¥gnaog Fisg%%%ri%gﬁ%g
sSDNA sequenges cWere i ety Nthesi zefhscpuitiifiee ang anpheahedhas aliate BHSONA 20

ol i gonucl eoti des were dissalved in ddH20 at a concentration of é .
prol eB/ 21 . TRBOWEJuenc &Ml FHY s eRER2ER FEHd S0 PP hé‘%ﬁ“la&-cﬁlﬁpge (PEPEEI™ DNA

(SEQ 1D NG 8l:h‘9%%3 1%?%_515@6&@@ TEGGEEpa2ated5hyhe Baguepaerkoeathp
antisense strand of the wild-type target DNA (SEQ ID NO 8). was: 5 -CAC CAA
AGA TGA TAT- vieldmse sebi@hielyf olovRE sEAVOTESCERE of IMHRAFHRLSR « hPBt

DNA (SEQ 1D Ngng)ec"eﬁ%}'yé' 3AT1€}[>T§EESFQECBE% Gl@x8a- 38t ThensmeuenceTheket he
anti sense strand of the nutan target DNA (SEQ ID NO 9) was: 5 -CAC CAA
AGA AGA TAT- r@sul#® OIUdGesy POIL1BERHOEIIC h@sThepadaquehra$ et hetsense

strand of th t ant. DN@f(SggbﬁQ_Bﬁ@lOXQWQQki5'féQﬁéﬂ{@nTCIhgﬁC
GIG g‘% The%ggr%uen%%aéﬂog@%m% anti sense strand of the nutant
consecutive base pair mismatches.

Example 3
SEQ ID NO:8 was a 15-mer dsDNA target sequence derived
from SEQ ID NO:1, designed to be completely complementary
15 to Probe No. 1. SEQ ID NO:9 to SEQ ID NO:17 were l5-mer
mutant dsDNA target sequences identical to wild-type SEQ ID
NO:8 except for a one base pair mutation (underlined).
Sense and antisense 15-mer SsDNA sequences were
synthesized, purified and annealed as above. DsDNA
20 oligonucleotides were dissolved in ddeb at a concentration
of 1 pmole/ul.
The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:8) was: 5'-ATA TCA TCT TTG GTG-
3.
25 The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:8) was: 5'-CAC CAA AGA TGA TAT-
3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:9) was: 5'-ATA TCI TCT TTIG GTG-3'.
30 The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:9) was: 5'-CAC CAA AGA AGA TAT-
3.



target DNA (SEQ I D NO 10) was: 5'-CAC GAA AGA TGA TAT- 5 3'. The sequence
for the sense strand of the nutant target DNA (SEQ ID NO 11) was: 5'-ATA
TCA TGT TWO dPli6te3’ - The sequence for the antisense strang@isheosat ant

target DNA (SEQ I D NO 11) was: 5'-CAC CAA ACA TGA TAT- 10 3'. The sequence
for the sense strand of the nutant target DNA (SEQ ID NO 12) was: 5'-ATA
TCA TCT ATG GTG 3'. The sequence for th&8antisense strand of the nutant

target DNA (SEQ I D NO 12) was: 5'-CAC CAT AGA TGA TAT-_ 15 31. The sequence
for the sense str3he seqvprcAufehtthartpsise BAANSEOL PhRAM BN halsaTIRE ATA

TCA TCT CTG ' Thendeqdsngssf. 0 L Repanticgenge st rapd efgtRe nut ant

B ; : A T G .
target DNA (@8?5 %O ?3}\1 vvas? 5' ?CAC CAG AGA TGA TAT- 20 3'. The sequence
for the sense strZhe cfequemarutfon the gentispase SEOrRRANQ T HheyasutEnt ATA

argel DA (SEOTFD R14FSRaar 60: e BAE A &K TR SBAT "die Tahience
for the sensé'strland of the mutant target DNA (SEQ ID NGO 15) was: 5'-ATA
oot o oo PR SREACRGE (B i enieams it plal alen!
for the sensenat r(g;rmdg ab moe 1Mt aais :t &r'gAITA DNCA( SEQTI DTNG 16Gwa@s:- 5' - ATA
ant i sense strand 8PS AP £ Tar ot BRALCRRGS BiNA o) atie STOEAL” Can
AAA TGA TAT- t3rgethenseqeeqcanf MO:1Lhe sessesSstCcand CAAt haChut @@ taaget
10 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:12) was: 5'-ATA TCA TCT ATG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:12) was: 5'-CAC CAT AGA TGA TAT-
15 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:13) was: 5'-ATA TCA TCT CTG GTG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:13) was: 5'-CAC CAG AGA TGA TAT-
20 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:14) was: 5'-ATA TCA TCT GTG GTIG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:14) was: 5'-CAC CAC AGA TGA TAT-
25 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:15) was: 5'-ATA TCG TCT TTG GTIG-3'.
The sequence for the antisense strand of the mutant
target DNA (SEQ ID NO:15) was: 5'-CAC CAA AGA CGA TAT-
30 3.
The sequence for the sense strand of the mutant target
DNA (SEQ ID NO:16) was: 5'-ATA TCA TIT TTG GTG-3'.



5 DNA (SEQ I D NO 17) was: 5'-ATA TCA TCT TTT GIG 3'. The sequence for the
anti sense strand of the nutant target DNA (SEQ I D NO 17) was: 5'-CAC AAA
AGA TGA TAD 01&6467The specificity of the hybridi zati on assactvagebwss her 10
tested by reacting parallel PNA Probe No. 2 with a 15-ner wld-type target
dsDNA (SEQ I D NG 8) and various 15-ner 11 bp nutated target dsDNAs (SEQ I D
NG9 to SEQID NG 17), that would generatge every type of 1 bp m smatch
possible (Fig. 3).. The assay gondjiion re_id i S

described in Exan#ﬂ“g fe%eélcfﬁygﬁ%gtl:#l ugflg\sé%gﬁ % %{%téjr?(shl%tiié 1%/\Ilgér)el%%l% TGved
w th ssDNA: kNAdeybDids (@QsiIst Nog 16f) pesf:est FZAConpRANEARAAr yTGAeqUaTEeS,
at all tenperatures tested. Fluorescence increased as the tenperature
decreased. SSDNA: PNA hybrids 20 that resulted in 1 bp T-T, CGC, GG A-A
CA GA GT andTHe Eegjuetizeclies shé yémrddest fdnbroes tert mubbanstargst| over

than t hat observed for_ perfectly nmatched ssDNA P brj i g5. 3A and
3B). Phe fludMBsd&h i é\‘%i]{/i)eé’afsdr h’g‘T% D%AmN?r@/cﬁ’é[&sr gl(:fg’lég f'rom 64%
to 96% I ower, ande%dan@hleStbovehet batiskase ehzemdedf othé heupentect
mat ch at 55C and 75C, respectively. The variability in the fluorescent

intensities ¢HESiAFe® et Th&%drilo@st Bp s s8C8epétited ™ fidre on
the particul an base pair msmatch than the change in percent GC content of
t he mutant sequences, when 30 a paral|el PNA probe was used (Fig. 3%. When
antiparal l el PNATheEPeRdficikysofeshediyr s s7af1oR A8G56f Maenf UrEhET
dif f Fgences. I OS5 CEt ot IH SN £ BB PDSIGA VERLDEt NS EN2 t HeLnPAT f §Chepat Ch
and the various 1 bp m smatches were | ess WO 01/ 46467 PCT/ 1B00/ 01930 20
dramati c t hawitiidode pee Hiangat vil3NA heSHAr 5P| 8P : PNaapioBerifgs 25af8rséened
to be influe e n S gl yTr gau best
%@ﬁqﬁ%%@p@%g%& dedRd NAEQ fﬁ""lﬁb.9 :%% @igpro 1H' RBUESY

results betwe when an antiparallel P e was used. A

par al | el that would generate every type of 1 bp mismatch possible
(Fig. 3). The assay conditions were identical to those
15 described in Example 1.

The highest fluorescent intensities were achieved with
ssDNA:PNA hybrids consisting of perfectly complementary
sequences, at all temperatures tested. Fluorescence
increased as the temperature decreased. SsDNA:PNA hybrids

20 that resulted in 1 bp T-T, C-C, G-G, A-A, C-A, G-A, G-T and
C-T mismatches all yielded fluorescent intensities lower
than that observed for perfectly matched ssDNA:PNA hybrids
(Figs. 3A and 3B). The fluorescent intensities for the 1
bp mismatches ranged from 64% to 96% lower, and 57% to 95%

25 lower than those observed for the perfect match at 55°C and
75°C, respectively. The variability in the fluorescent
intensities observed between the various 1 bp mismatches
depended more on the particular base pair mismatch than the
change in percent GC content of the mutant sequences, when

30 a parallel PNA probe was used (Fig. 3). When antiparallel
PNA Probe No. 1 was tested in a similar experiment, the
differences in fluorescent intensities observed between the

perfect match and the various 1 bp mismatches were less



5 PNA probe is therefore preferred when the target DNA sequences are the
sane |l ength as the PNA probe sequences. The results of Fig. 3 confirned
the rel i awid dilag4¢df t he hybridi zation assay to identify al lpqaagsétloso 1 bp
m smat ches with great accuracy. 10 Exanple 4 The hybridi zati on assays in
Exanples 1 to 3 were perforned after denaturation of the dsDNA target
sequences and neasured ssDNA: PNA hybri d2®ornation at tenperatures above
the melting point (Tm) of the dsDNA targets. This 15 exanpl e denonstrates
the reliabi| frgmetichéhagsdyhasfe tachigevr@nvibh thedppiraddsli AN pRFoRen

perfect matcRes E”%ygfggemgéiEo”%é”?ﬁffﬁén&é&hﬂyt%%§%8%§{@Eep(égfa not

denat uration. The Ization reaction mxture contained the
fol | owi ng: 6sprwhes offhearcgstaygDitEiudd it ss eEsubs feetweenr PN Prgbe No.

2, 0.5 x TBE_and 500_n f ipte I Y, t %%g:
reaction voISgeeﬂaggegr%éh?*gggggg?%git%gﬁ §¥e'§§%;a%%§%sh§ 0 %?f?%e
DNA, BNA an@NAYQYfehe anmintthererfeoradj pseédracdordieny| o tairgesi nDNA

constant concentrations_of _sanmples. -l i cal S S i.ned when
t he reactions$8PﬁH€eﬁa§r$0tiﬁl?agﬁ %Fggghl%% t%%l%kéhgwgégcgggﬁghi§%0res
wer e i ncubat ed at Theomestizopesftbtg. (R1Onfiomesl nheutred iapliddcey At tha

quartz ..cuvette, rradiated with an arggn_jop | as bea i ng
wavel engt h o%y%§8dﬁﬁﬁﬁﬁ8nnoﬁﬁfﬁp%d %pegﬁiﬂk§9¥ora§§o C%%Q%éf%nfﬁen?gsion
as the tenpepalkuae cheer @dsed gaeblt tick®iraicy.a heat ed chanber. Concurrent

tenperature _neasurenents of the sanples were achi eved by a software-
cont #81 | ed téﬁﬁéﬁﬁﬁyﬁe probe placed directly into each WO 01/ 46467

PCT/ 1B00/ 01930 2%hsanpyeridexhtuonf ldyascenth imansidd es wese 3pl wered as
a function of tenperature faor each sagBLe an illustrates
i

| d. Fig. 4 il
Chat even | nDERECIReEnaE t6F SEReEUTaEAgruPAt FBR, QPRNANFSRISE PRABrBREEENT

intensities Wel# measured ssDNA:PNA hybrid formation at temperatures
above the melting point (T,) of the dsDNA targets. This
15 example demonstrates the reliability of the assay of the
invention to differentiate between perfect matches and base

pair mismatches without requiring prior denaturation.
The hybridization reaction mixture (120 ul) contained
the following: 6 pmoles of target dsDNA, 6 pmoles of
20 parallel PNA Probe No. 2, 0.5 x TBE and 500 nM of the DNA
intercalator YOYO-1. Although the reaction volume was
slightly greater than that in Examples 1 to 3, the DNA, PNA
and YOYO-1 amounts were adjusted accordingly to maintain
constant concentrations of samples. Identical results were
25 obtained when the reaction volume was 40 ul, 80 ul or 120
ul. The reaction mixtures were incubated at room
temperature (21°C) for 5 minutes, placed into a guartz
_cuvette, irradiated with an argon ion laser beam having a
wavelength of 488 mnm and monitored vrepeatedly for
30 fluorescent emission as the temperature increased with
time, in a heated chamber. Concurrent temperature
measurements of the samples were achieved by a software-

controlled temperature probe placed directly into each



5 achieved when the wild-type 50-nmer dsDNA target sequence (SEQ ID NO 1)
was reacted with the 15-ner parallel PNA Probe No. 2 from30C to 85C At

t enper at uwepso1agl@w 65C, the Tm of the 50-nmer wild-type doighABoselobA: PNA
triplexes were forned. As the tenperature increased above 65C, the 10
triplex structures converted to ssDNA: PNA dupl exes. Cearly YOYO- 1 was
able to intercalate efficiently in both he tripl ex and dupl ex structures.

Consequent |y, flyorescent.intensiti d - PNA
triplex (SEQ PEPEET Maﬁ?@B@ k% Oﬁfscgn ongégﬁ ?%%eg HB%§€§%? %ggé
ErSIEle ?)E) f\lgEthDcN@gﬁ dafPlt@b@ehsl&tu%)s far eansesstiple 3nb}1y1z1es1rratched triplex

+ Probe No., and el etion tri NO 5 +
Probe No.2) wereF89o, 4 9§5/)1 ag‘r?(‘f 88" o Oer™ r epe%}?% Oft%gﬁojfhe
perfectly ”HHéhéduQQDNAnphmthélﬂtﬂﬁu&ﬁEQﬂﬂBdﬂ@ébéﬁi +1HtehelN¢e82)were30C.
As the tenperature increased fro

30C f. d i m i
bet weén per f 8ctiegec hsiy e Bgl@ BXP‘%O sWﬁFc%eg??@g(r:l?eagﬁi |%§{1!§én€gat Ihgn

1 bp nismat chgrd bip Myemas Chyas3 bpastsaBtGhanths bp-mdel ertamﬂeabrpﬁﬁ
yi el ded fluorescent intensities_ 65% 76? 25 94% and 95% 1 0

respecti vel yProRgnNehat 6BSBr9dCiier §hé - péii §€f“i9?ré‘5|’*ﬂﬁle§rr£eﬁ118?”y65 Cs

sequences. Tl&gx LEHOr B¢ ttﬁi% sty iddivgatd o s saod, tHepNAVENA|T o1} $e§bbe to
di stingui sh et wen wi | d-type sequences and t hose containing 1 bp

or 3 bp mut awﬁé’@s f@P—”m@él et AenheniteRBeasirsr 1nensREL ?89"63650? the

Sequernces. R8> Pé@ﬁfcé\@res"‘: WaSn@etBafBr 85 DN MfObENA deah%@ékegn
sequénce and orfentation to the 15-nmer antiparallel PNA WO 01/46467

PCT/ 1B00/ 019311ea22YPﬂ@l¥@ -Nowak @BE© D NateycafreepebbéchgitieiPobPPblii ng
structure: 2 eneX CAC GO AGA TGP HLa3x Therapeakbhci ty Rhddifidharni di zgki on

assay was fur
fluorescent intensities for a 1 bp mismatched dsDNA:PNA

triplex (SEQ ID NO:2 + Probe No. 2), a consecutive 2 bp
15 mismatched triplex (SEQ ID NO:3 + Probe No. 2), a
consecutive 3 bp mismatched triplex (SEQ ID NO:4 + Probe
No.2) and a 3 bp deletion triplex (SEQ ID NO:5 + Probe
No.2) were 83%, 93%, 99% and 99.5% lower, respectively,
than the perfectly matched dsDNA:PNA triplex (SEQ ID NO:1
20 + Probe No. 2) at 30°C. As the temperature increased from
30°C to 85°C, the degree of discrimination between perfect
match and the base pair mismatches decreased. At 85°C, the
1 bp mismatch, 2 bp mismatch, 3 bp mismatch and 3 bp

o)

deletion hybrids yielded fluorescent intensities 65%, 76%,

25 94% and 95% lower, respectively, than that observed for the
perfectly complementary  sequences. Therefore, the

hybridization assay of the invention is able to distinguish
between wild-type sequences and those containing 1 bp, 2 bp
or 3 bp mutations or deletions, without prior denaturation

30 of sequences.

Example 5
Probe No. 3 was a 15-mer ssDNA probe identical in

sequence and orientation to the 15-mer antiparallel PNA



5 investigated by reacting ssDNA Probe No. 3 with the 50-mer wld-type and
mut ant dsDNA target sequences, in the absence of prior denaturation. The
assay conyigjioggswer e i dentical to those described in ExgmlBodeiobinhanced
by the DNA intercalator YOYO- |, dsDNA:ssDNA 10 triplexes were fornmed

bet ween 30C and 65C. Perfectly matched DNA tripl exes, consisting of SEQ ID
NO | + Probe No. 3, yielded the highest2®l uorescent intensities (Fig. 5).
In contrast, inconpletely conplenmentary probe and, target conbinations
generating aProbg Aiosmet chSEQEDD BONG)2 15The ppgpEendad)they tahse¥iRIve 2
bp m smatch Eg‘EQcEQr@Q?’ + Probe No. 3), a consecutive 3 bp msmatch (SEQ
ID NO.4 + Probe No. 3) and a 3 bp deletion (SEQID NO5 + Probe No. 3)
resulted in fluorescent intenGAG eCAMatAGler €BY%TA4%' 97% and 98% | ower

al 30C, and 47% 79% 923 20d:04%. ML 130,010 050 JiPSRREL) VALY ruibRBy ( hose
observed with the  perfecily matched sequences (Fig. 5). the tenperature
i ncressed abdwwesbCgatied dygreectfingdi ssPNA RapbenNpet dewhtht hbhepkp feer

mat ch and t he .bhas [ ' e r i-ndi jve. .0 h al
br cakdonn of EAd ONAS FrE) BESECCTs TR | FAYHE aqepftdtd ¢ Brlhncnenplac
intensities athpeied dbyanutabponi srdhemssmy? copdiitswaiscivere 3depthishat ch
and a 3 bp del %ioon re 4 Oé’d G%WQEX%%‘n%laenq 83% | ower than that obtained
by the perfe T \(I%Sé".r < The pre?ence ‘of YOYO 1 allowed a ssDNA
probe to be used mEatiaer@dfbya INA IR piobertal alt bf eY@NO+ 2t edbBNesaDNA

per 41 COMLSIEIL .o SEHEREER, 900, e, 0801 2 18, O 2, P05, S 07
WO 01/ 46467 REH-HBRD/MD30r i ZBexd&xampbas 6sTongnstir sEChatD tie: hybr Pdbbat i on
ssay USing SeVA PLobes and dopUALaLc e RELL LI LA Ll 205 NEE "
5). In contrast, incompletely complementary probe and
target combinations generating a 1 bp mismatch (SEQ ID NO:2
15 + Probe No. 3), a consecutive 2 bp mismatch (SEQ ID NO:3 +
Probe No. 3), a consecutive 3 bp mismatch (SEQ ID NO:4 +
Probe No. 3) and a 3 bp deletion (SEQ ID NO:5 + Probe No.
3) resulted in fluorescent intensities that were 57%, 94%,
97% and 98% lower at 30°C, and 47%, 79%, 92% and 91% lower
20 at 65°C, respectively, than those observed with the
perfectly matched sequences (Fig. 5). As the temperature
increased above 65°C, the degree of discrimination between
the perfect match and the base pair mismatches decreased,
indicative of the gradual breakdown of the DNA triplex
25 structure. By 85°C, the fluorescent intensities achieved
by a 1 bp mismatch, a 2 bp mismatch, a 3 bp mismatch and a
3 bp deletion were 40%, 63%, 92% and 83% lower than that
obtained by the perfect match (Fig. 5). The presence of
YOYO-1 allowed a ssDNA probe to be used instead of a PNA
30 probe to differentiate between perfectly complementary
sequences and those containing 1 bp, 2 bp or 3 bp
mismatches or deletions, without the requirement for prior

denaturation.



5 possessing dramatically different percent GC contents (and consequently
different nelting tenperatures), new 15-nmer ssDNA probes and 50-ner dsDNA
target seguenees7were synthesized, purified and anneal ed pg/BbeY®30 Bot h
SsSDNA probes and dsDNA targets were dissolved in ddH20 at a 10
concentration of 1 pnole/l. SEQ ID NO 18 was a 50-nmer dsDNA target sequence
modi fied from SEQ I D NO 1, wherein the péfcent GC content was changed from
30% to 52% The sequence for the sense strand of the wild-type 15 target
DNA (SEQ | D Emamglewhs: 5'-GAG CAC CAT GAC AGA CAC TGT CAT CTC TGG TGT GIC

CTA CGA TGA CTC TG, 3poJhe saguense fopnthe antisenagsatr andef &86na
wld-type target BNA (SEQ I D NO 18) was: 5'-CAG AGI CAT CGTI A 20 ACA

CAC CAGdAgﬁA PBAbeaGandT dsPEATCArpessTeer formgd, inpchepakeenoewas Brser ner
nmut ant ds s en i dentical tp SE NO. f one
& aa?gt%a?q_g) %uiﬁi, éaﬂtaﬁg%l Cﬁot " rbBeNOZ Sy  exchile f OpnAg

base pair nu under l'i ne \ sequence CAT was 25 changed
to CGB. The segsessdripdrametieadd ystidferentnpeasenSECC| ponents wasd

5' - GAG CAC CAT C. AGA T T 3.
The sequencec]‘°51 et(]ﬁleenéc igaelnges r%%g%‘;l—%t g%p%%t%%sﬁlﬁb%Q%g;Q

5' - CAG AGT CAEDRAT AGChACA GAGC CAG-AGLk CGSBNBAGCIETeCTGCFIATCSTCERTE- 3' .
SEQ I D NO 20 was.a 50- rrmtapiéis%% i eque i de '&?IEN§EQID
NO 18, exceptYForesIEsitse it Vet $ o %“%g §§ g%T?%%é’(?/Ol (B 2% gase

pai r mut ati oprdirder hhded)sDNt whirgbtshevessgudiseolhEd was cddihgedtt 0aACT.

The sequence for the sense rand af tant SEQ ID NO 20 was: 51- GAG CAC
CAT GAC AGA é&éo?éfrﬁ%?oér@sft " pote/IL.

SEQ ID NO:18 was a b50-mer dsDNA target sequence
modified from SEQ ID NO:1, wherein the percent GC content
was changed from 30% to 52%.

The sequence for the sense strand of the wild-type

15 target DNA (SEQ ID NO:18) was: 5'-GAG CAC CAT GAC AGA
CAC TGT CAT CTC TGG TGT GTC CTA CGA TGA CTC TG-
3.

The sequence for the antisense strand of the wild-type

target DNA (SEQ ID NO:18) was: 5'-CAG AGT CAT CGT AGG
20 ACA CAC CAG AGA TGA CAG TGT CTG TCA TGG TGC TC-
3.

SEQ ID NO:19 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:18, except for a one base pair
mutation (underlined), at which the sequence CAT was

25 changed to CGT.

The sequence for the sense strand of mutant SEQ ID
NO:19 was: 5'-GAG CAC CAT GAC AGA CAC TGT CGT CTC
TGG TGT GIC CTA CGA TGA CTC TG-3'.

The sequence for the antisense strand of mutant SEQ ID

30 NO:19 was: 5'-CAG AGT CAT CGT AGG ACA CAC CAG AGA
CGA CAG TGT CTG TCA TGG TGC TC-3'.
SEQ ID NO:20 was a 50-mer mutant dsDNA target sequence

identical to SEQ ID NO:18, except for a consecutive two



5 TGG TGT GIC CTA CGA TGA CTC TG 3'. The sequence for the antisense strand
of mutant SEQ ID NO 20 was: 5'-CAG AGT CAT CGTI AGG ACA CAC CAG AGA GTA
CAG TGT GV 0ibueFGG TGC TC-31. SEQ I D NO 21 was a 50-ner dglNBoé/etoget
sequence 10 nodified fromSEQ ID NO |, wherein the percent GC content was
changed from 30%to 72% The sequence for, the sense strand of the wld-type
target DNA (SEQ I D NGO 21) was: 5'-GAG CAC CCT CCC AGG CAC GGT CGI CCC TGG
TGC GAC CTC

CGA CGA,CCG TG .15 3' . .The.sequence f n i S nd of
e e P L i e
ACT~ TG 3" 20 SEQ I D NO 22 was a 50-ner
nmut ant dsDNA target sequence identjcal to SEQ 1D NO 21, except one
base pair rmutati 6RS( NGfed)or alfﬁﬁhisc?ﬁlsteh tsread'%)n%% E}&)jl(:a s gEg%a?%ed to
CAT. The seqnenge {8k :t ke -sanse caio anATof GAC amGASEQAMD REr NA@P WASC

5 -GAG CAC CCT CCC AGG CAC GGI CAT.CCC . T TGC CTC CA CGA CCG TG 3'.
The sBquenceTB8r THE aflsef<d sCF2ndT6f %{fgnt Tgég' FD NO 22 was: 5'-CAC

CCT CGTI CGG AGG T@ﬁe%@é@c@@br'r@i’e G iKdn Ll @ t@A I hGEah€- 8EQ30D SEQ
I D NG 23 was a 50-nmer mut ant dsDNA tar get sequence identical to SEQ.ID

NO 21, exceplNOrgP #agsn$ecEHCve Ao se i r At athh (PdertiPediCPat

whi ch the Seﬂf"ﬂ‘_ﬁncéﬁgGTTG‘@as ceanged t @cATTTcWO @&.46467 PCT/ 1B00/ 01930 25
The sequence Tor the sense strand of nutant SEQ ID NGO 23 was: 5 - GAG CAC

CCT CCC AGG CAC GSFQATIDCA®: ZGWREC BAC CTCSICGASEHA GERr9et3 Seqrence
sequgnce for fhe -aali $9A5e S &Ml . TULAN SER Y percent GC content

was changed from 30% to 72%.
The sequence for the sense strand of the wild-type
target DNA (SEQ ID NO:21) was: 5'-GAG CAC CCT CCC AGG
CAC GGT CGT CCC TGG TGC GAC CTC CGA CGA GCG TG-
15 3.
The sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:21) was: 5'-CAC GCT CGT CGG AGG
TCG CAC CAG GGA CGA CCG TGC CTG GGA GGG TGC TC-
3
20 SEQ ID NO:22 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:21, except for a one base pair
mutation (underlined), at which the sequence CGT was
changed to CAT.
The sequence for the sense strand of mutant SEQ 1ID
25 NO:22 was: 5'-GAG CAC CCT CCC AGG CAC GGT CAT CcCC
TGG TGC GAC CTC CGA CGA GCG TG-3'.
The sequence for the antisense strand of mutant SEQ ID
NO:22 was: 5'-CAC GCT CGT CGG AGG TCG CAC CAG GGA
TGA CCG TGC CTG GGA GGG TGC TC-3!
30 SEQ ID NO:23 was a 50-mer mutant dsDNA target sequence
identical to SEQ ID NO:21, except for a consecutive two
base pair mutation (underlined), at which the sequence CGT

was changed to ATT.



5 NO 23 was: 5'-CAC GCT CGT CGG AGG TCG CAC CAG GGA ATA CCG TGC CTG GEA
GGG TGC TC-3'. Probe No. 4 was a 15-nmer ssDNA probe designed to be

conpl et el wocangi@mentary to a 15 nucl eoti de segnent of thectaBigess r and of
the 50-nmer wild-type target DNA (SEQ ID 10 NGO 18). The probe had the
followi ng structure (SEQ 1D NO 24) : 5 -CAC CAG AGA TGA CAG 3'. Probe No.
5 was a 15-ner ssDNA probe designed to bd5> conpletely conplenentary to a 15
nucl eoti de segnment of the 15 sense strand of the 50-ner wld-type target
DNA (SEQ | D NO 21FheTtregpiasbee hiert hBef Gane® rif s1ndcPlr 8YC3RG 1952 NEP25)

51- CAC CAG Gy, G 3 | dicat i asgRy condi ta@ps aere ccc
i denti cal t(c);ﬁ’éZggtAﬁvosé g’esgﬁlaﬁe% n Exanple 4. Wien the ssDNA Probe No. 4
(with a 53% BGGcoAGENt BAfas CTIRybiIGA z&&FAt 0GCRe FO0-Ber wil d-type dsDNA

argel (SEQ 1D NoISLoandn aat DML Aigels SEQd BADASRNdSEEQY D

NO 20), dsDNA:ss tripl exes were forne ow 25 tenperatures under
non- denat ur i N@ :@8ndiatsi:orts' {(FAQ. BA) . CAMi 1EPerAet | TCEat SAed ONA t BEHI exes

achi eved the_high f rescen Nt it iLcqnpl etely conpl enentary
tripl exes V\A@I&!Aa %%tt();p r?lids&r)ratch (RS';I(:%I%J&%O?S + IIrjr'raf)(b%e ‘No. 4) and a
consecutive 2 bp mirsimt dfo ( SEQua® AOLZ0merPsebiAN@rdee depigurdeto be
fluorescent intensities tha

were 63% and % | . e Lvely, an
t hose obser vEPTRILET e GEFHENS arﬁzattghgd%g’eahlgg\ggrgigte %%%8‘%?3?&9&6}33‘& As
the tenperat wWedsd NEtLas@doft begraahumdr biwehd doywe otatrye tDNNA r ( PE@X TVO
01/ 46467 PCT/1B00/ 01930 26 structure qccugLr resul ting,in dipnished
fluofdscent NGitdsit i gélearﬁir‘?%%shafisct%em %%ff%‘ﬂl%%t ﬁégH%ﬁéﬁrFec{gl‘ﬂ%t Eﬁ and
t he base pai fyovizsnat ches. By 85C, very little difference in fluorescence
was seen between perfectly

5'-CAC CAG AGA TGA CAG-3'.
Probe No. 5 was a 15-mer ssDNA probe designed to be

completely complementary to a 15 nucleotide segment of the

15 sense strand of the 50-mer wild-type target DNA (SEQ ID
NO:21). The probe had the. following structure (SEQ ID
NO:25) :

5'-CAC CAG GGA CGA CCG-3'.

The hybridization assay conditions were identical to

20 those described in Example 4.
When the ssDNA Probe No. 4 (with a 53% GC content) was
hybridized to the 50-mer wild-type dsDNA target (SEQ ID
NO:18) and mutant dsDNA targets (SEQ ID NO:19 and SEQ ID
NO:20), dsDNA:ssDNA triplexes were formed at low
25 temperatures under non-denaturing conditions (Fig. 6A3).
While perfectly matched DNA triplexes achieved the highest
fluorescent intensities, incompletely complementary
triplexes with a 1 bp mismatch (SEQ ID NO:19 + Probe No. 4)
and a consecutive 2 bp mismatch (SEQ ID NO:20 + Probe No.
30 4) produced fluorescent intensities that were 63% and 95%
lower, respectively, than those observed with the perfectly
matched sequences at 30°C (Fig. 6A). As the temperature

increased, the gradual breakdown of the DNA triplex



5 mat ched sequences and those containing base pair nmismatches (Fig. 6A).
Simlarly, in the presence of YOYO |, dsDNA:ssDNA triplexes were forned
when t he W&ﬂ‘ﬂﬁmﬂﬁ_obe No. 5 (possessing a 73% GC content) pwasBi@e®sed Wi th
the 10 corresponding 50-nmer wild-type dsDNA target (SEQ ID NO 21) and
mut ant dsDNA targets (SEQ ID NO 22 and SEQ I D NO 23). The fluorescent
intensities for a 1 bp msmatched DNA t2fplex (SEQ ID NO 22 + Probe No. 5)
and a consecutive 2 bp msmatched DNA triplex (SEQ I.D,NQ 23 + Probe No. 5)
were 15 48% aﬁ@uGﬂW?omquﬁ‘%ﬁﬁ)ecFﬁ§§!1§}n9hal41t Régendshsch et Borefieent
perfectly matghed $equUences ales306i(dddmibR1dd U EREANSer el hasanpl es
decreased as the tenperature increased from 30C to 85C 'indicative of
d:c i EI shed Yaw® 1thet dease attiady mASMBNALESIpl exBhr &k fownVery RebFHE ess
of the percent ent ofe S pr.phes -apd dgPMhekar e 1
was able to fqgg?%rt%glt@g tirllt%ei or mati on Sn qeilr %on-d%na?ﬁ%?ﬁ%gg@
condi Bi ons, tratahkdwseguenreseand sthigs manitGinisovesepppiscnignatches
conpl enent aryF.seq%féchs and those containing 1 or 2 bp nmutations. 25
Exanpl e 7 Thé ﬁ?brl i Zati on assays in Exanples 5 and 6 proved the
reliability of theimidentliyon in dilst i pgesshcbetaeYOY@I-1d- t §pENDNASDNA
sequences and t.hose contai_ni ng. base.paif__m tc r | O W t hout
t he requi rengﬁtlpyc‘tg?{eﬁri SFEE0 JAETH at T BRR uglﬁgg E’% p&gj{)ogié. ?ﬁ%’se %ssays
nmeasured DNAposisplsed rior Rt i78% belcowcbheenkl) t | ngspoiraacoédt heitdsDNehe
targets. Moreover, optjmal discrim.nation bet nwld; t d ed
sequéfces M/aézoefgﬁisé\?é’ﬂilé’tg §gC,metrh g 1&@\7\&5%’? ev\%s%&lgiggeﬁd% %éogﬁo’fgg%ﬂ 27
t enper at urg @@@sf_ uﬁ@%%tTngjjﬁ\tperﬁﬂﬁgiawmetm iEmer 2¢ wed shel oy BO28pul d be
even nore beneficial for the assay, the 15-ner_ s Pr abe No.
reacted with e SHURERSHPTE- %V%‘thPﬁeta(g%ﬁ’Dnﬁﬁnﬁtc&e i PNt he
S0-mer nutantcriplex (SEQ ID NO:22 + Probe No. 5) and a consecutive 2 bp
mismatched DNA triplex (SEQ ID NO:23 + Probe No. 5) were

15 48% and 64% lower, respectively, than those obtained by the
perfectly matched sequences at 30°C (Fig. 6B). Fluorescence

of all samples decreased as the temperature increased from
30°C to 85°C, indicative of diminished YOYO-1 intercalation
and DNA triplex breakdown.

20 Regardless of the percent GC content of the ssDNA
probes and dsDNA targets, YOYO-1 was able to facilitate DNA
triplex formation under non-denaturing conditions, to allow
accurate discrimination between perfectly complementary
sequences and those containing 1 or 2 bp mutations.

25 Example 7

The hybridization assays in Examples 5 and 6 proved
the reliability of the invention to distinguish between
wild-type DNA sequences and those containing base pair
mismatches or deletions, without the requirement for prior

30 denaturation, using ssDNA probes. These assays measured
DNA triplex formation below the melting point of the dsDNA
targets. Moreover, optimal discrimination between wild-

type and mutated sequences was achieved at 30°C, the lowest



5 dsDNA target (SEQ ID NO 2) between 5C and 30C. In Fig. 7A, 2 pnoles of
dsDNA target was reacted with 2 pnoles of ssDNA Probe No. 3 in a 40 pl
reacti on wiodiwees7 cont aining 0.5 x TBE and 500 nM of YOYOdct/iBoo/fiogh 7B,
500 froles (i . e . , 1015 noles) of dsDNA target was reacted with 10 500
fnol es of sSDNA Probe No. 3 in a 40 gl reaction mxture containing 0.5 X
TBE and 250 nM of YOYO|. The reaction 4ixtures were incubated at room

tenperature (21C) for 5 minutes, transferred,to a_quartz cuvette, and then
i rradi at ed wreRPaBaEREBN Mg IrESer bEANTGESEHESS WH%"‘?‘&’: TReLE; | es

4 to 6. The gUYSHt 85°E U@ DIKY &iad §d¥R! BEneWeEEa3UbSLqURSAysa) ACsth ON
ice. Wien the tenperature of each sanple reached 2C (as determ ned by the

tenperature lprops pEBNRJPEPPECNPY 3 nvadS cERICLPpIEYl ¥R ified Wt e
transferred {g thg pRASYL (Granaer nend )My tared G repast.e dhve 4od

Rt
fluorescent enrssion as t‘f%g%terrperature increased with time from5C to
30C. Bhxi mumikbNar esrert (BEReAdi NPed) wertwprst Ped aB8da3f uncti on of

tenperature for ch.sanmphe gn ) i i L g, hat t he
perfectly 25 corrg e%%%t’g?%’D%A%#g e?gga%]%%% ]‘Tdéf)]?il%& 1%€§P$§%%@N%%%hand
the DNA tripkepeslesnodi mishyPa Prdige Mosmat gin (GSHEQ. 145 NGact homprigiet wee  3)

was observed at,5C for hoth_c e i ‘_%_t est 1.0Son 7 d
7B) . However ,coflﬁglailpfgerBé%c}e{ IJ?lﬁn “\-Elﬁ[“lﬁjgéédedsjgrgMntoqglc nt ensilt'i egﬁbg? geZlegsn%{ls]et ely
and 30 i nconghelleky (doepl, emontanyl OMA of i géBNBstaidenovayargactedneitleal |y

ol 4820A1" of OBoFROBFobE aRE ek Bor® Wio 1 18 At Ent cheRe DRRC T BT 5B
soirat 10 ML 0 SpSssnch e stcama enie st i
the perfect WW@ﬁedw§Eﬁuéﬁ€é@a(tﬁ%;Pa9Afoo§rH??‘&S?f/‘—,’l@g?gao‘t%lgh U5 dth
| ower concentsr ahigotek, prebenafsrted galo a quartz cuvette, and then
irradiated with an argon ion laser beam at 30°C as performed
15 in Examples 4 to 6. The cuvettes containing the samples
were subsequently placed on ice. When the temperature of
each sample reached 2°C (as determined by the temperature
probe placed directly into each sample), the samples were
transferred to the measurement chamber and monitored
20 repeatedly for fluorescent emission as the temperature
increased with time from 5°C to 30°C. Maximum fluorescent
intensities were plotted as a function of temperature for
each sample analyzed.
Optimal discrimination between the perfectly
25 complementary DNA triplexes (SEQ ID NO:1 + Probe No. 3) and
the DNA triplexes containing a 1 bp mismatch (SEQ ID NO:2
+ Probe No. 3) was observed at 5°C for both concentrations
of DNA tested (Figs. 7A and 7B). However, the difference
in fluorescent intensities between completely and
30 incompletely complementary DNA triplexes did not vary
dramatically as the temperature increased from 5°C to 30°C.
At a concentration of 1 pmole/20ul of both probe and
target, the 1 bp mismatched DNA triplexes produced



5 difference of 63% and 50%in fluorescent intensities was observed at 5C
and 30C, respectively, between the perfectly matched and m smatched DNA
tripl exeswgidies6fB) . The fluorescent intensities of all swypBesoPeASUr ed
at 30C before and after cooling to 5C were very simlar (data not 10
shown). Al though maxi mal differences were observed at 5C, for convenience,
Ehe nont denatlé)r(i ngI hybr i ﬂi zation assay n%lfi”/ be reliably perforrred at room
enperature anple 8 The sensitivity of the hypridiz assa

ta L SO BRA Br O No.

tested 15 bﬁlﬂéﬁéﬁpﬁgtdéEF@§§iLF@eEOFn ht Ya¥ £ ofis® 0?1 Pa F|
2 or ssDNA P %é@ﬁr@y ng +¢RRCerhbaki 0pBbtadheB0-wEthWile t ype
or nutant ds targets (S

QIDNOl andSEQIDNOZ re eC|vI , d
non- denat ur i pgrfechdit matshsst wertereeandFage (Blg. 8§1m§8a3fﬁ1 © a i1

hybri di zat | OgPﬁga%mn Thgber ScdAlentide £OR! Aimeroe ball owkpget 20 aﬁrml es

to 2 pnol es ar get rmestoZprm es of ssDNA Probe No. 3 or
par al el PNAdlErfebenN@ o, @6 a<ndrBEOané|n2 fJuemessesto MBS HARS 1925 n

every sampl e, the Larggt SEAMENSRS 9! ODESEOUENFEDy WeT Be@edmi Ntk ned

at identical concentra(feil ons. The assay conditions were identical to those
descri bed mpEx&&pltéyﬂmat‘dﬁh@ld Bmmme%@%rwlﬁew Frihe T8 -2 or

A s LA L
?lngoslz Eglsmss Plgssgme: thxafteesubol?ggft@gﬁ A velye Neswasiniprodddada not
resp ively, %ﬂ‘i’ﬁ‘ﬁ V\DESE;‘ %&%@0%%%%‘%%@4%%0%3%0 gfg%\;ﬁ; lt??ﬁ%‘q t he
perfectly matrehiedohrkeptiexes, athéZﬁhn{deﬁﬁﬂﬁixngnhyhnldﬂnanﬂpn.Assay may
over concentieatEanpP Oh @ I5GTS! Alaratined WEBRE PR hybr | d achi eved
fluorescent Example 8
The sensitivity of the hybridization assay was tested
15 by reacting decreasing concentrations of parallel PNA Probe
No. 2 or ssDNA Probe No. 3 with decreasing concentrations
of 50-mer wild-type or mutant dsDNA targets (SEQ ID NO:1
and SEQ ID NO:2, respectively), under non-denaturing
conditionsg between 27°C and 32°C (Fig. 8).
20 The hybridization reaction mixture (40 wl) contained
the following: 20 fmoles to 2 pmoles of target dsDNA, 20
fmoles to 2 pmoles of ssDNA Probe No. 3 or parallel PNA
Probe No. 2, 0.5 x TBE and 2.5 nM to 500 nM of YOYO-1. 1In
every sample, the target sequences and probe sequences were
25 maintained at identical concentrations. The assay
conditions were identical to those described in Example 4.
When 1 pmole/20 ul of parallel PNA Probe No. 2 or
SSDNA Probe No. 3 was hybridized to 1 pmole/20 ul of dsDNA
target sequences at the normal YOYO-1 concentration of 500
30 nM, the AdsDNA:PNA and dsDNA:ssDNA triplexes resulting from
a 1 bp mismatch produced fluorescent intensities ranging

from 93% to 94% and 56% to 54% lower, respectively, than



intensities ranging from85%to 83% | ower than that obtained fromthe
perfectly conplenentary triplexes at 27C to 32C when 25 nM YOYO-1 was used
(_Fl g. 8A)wodnkkarly, when 10 fnole/20 gl of ssDNA Probe pdgyisdon®@so r eact ed
with 10 10 fnole/20 M of the dsDNA target sequences, in the presence of
10 nM YOYO- 1, the fluorescent intensitie generated by a 1 bp m smatch
were 90%to 84% | ower than that produce%gby perfectly matched DNA

triplexes at 27Cto, 32C ((FLg. 8 r QVvi the extrene.sensitivityof th
15 hybri di 2atReaSBasTVEdeh gl oh P e ARE MO RE 15T G PobE Ahd
tar QEti Atwl de ?ﬁﬂgeé@été(?(&lsﬁeﬁiﬁﬁntrati ons was tolerated at each
concentration o robe and target tested. Wen 10 fnol es/ Al of both
probe and target %&r@ ﬁ?’&??HFE%B}O?h 2P &&qwoc&&cgﬁtgggﬁoﬂgog? o1
were 25 nMtea2getNM{foOr aa paraidiel Pddepr dag)caardabdiaiV t otRe 5 inNbhfor a

SsDNA probe), yielding differences of_ f]uoprescent .intensities rangin
from 80% to PiSMBECREENn pet$E¥A1RNAmt cheBradd r"f‘i"&ﬁﬁvﬁﬁﬁd stﬁlﬁ%ﬁ%‘%‘é I(*tagta

not shown). @pkbactively, rhRgsag25ereauldss cai i BoRd tbeeext tRAR that
sensitivity and reliabilit of "t he non-denaturing hybridization assay to

di stingui sh obsediaed mpmgbg@%%%§%%ﬂr%§é%ﬁtr&m%%éﬁ 8ust base

pair nutatiopsg, Mkl epthe Jshygnticiy has,RealsddesefidedsAn, degahd 1anth,, 30
with reference to specific exanples thereof, it wilT_be apparent to one
skilled in twaear L0 Haoheaidbusl cHargNAaRrokdiFi cat VaRisTeantde ke

per 2800701038 SPTEAPRE 70K nEfRon T aEeEae R AR S s arh nethod
conpri sing: Presevicdi ngfa 1@r g@t ¥oWprisi nghat flagresesatnuenepresibird
sequence, generated by a 1 bp mismatch were 90% to 84% lower than
that produced by perfectly matched DNA triplexes at 27°C to
32°C (Fig. 8B), proving the extreme sensitivity of the
15 hybridization assay, even at very low concentrations of
probe and target.
A wide range of YOYO-1 concentrations was tolerated at
each concentration of probe and target tested. When 10
fmoles/20 ul of both probe and target were hybridized, the
20 optimal concentrations of YOYO-1 were 25 nM to 2.5 nM (for
a parallel PNA probe) and 10 nM to 2.5 nM (for a ssDNA
probe), yielding differences of fluorescent intensities
ranging from 90% to 71% between perfectly matched and
mismatched sequences (data not shown). Collectively, these
25 results confirmed the extreme sensitivity and reliability
of the non-denaturing hybridization assay to distinguish
between wild-type sequences and those containing various
base pair mutations.
While the invention has been described in detail and
30 with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from

the spirit and scope thereof.



provi ding a probe conprising a nucleic acid or nucleic acid anal og
sequence inperfectly conplenentary to at l|least a portion of said target;
10 provi diwedn1@g4¢7nt er cal ati ng agent, wherein either said pymaBeerscai d
intercal ating agent conprises a fluorophore; adding said probe, said
target and said intercalating agent to a hybridization nmediumto provide a
test 15 sanple; irradiating said test sahple with exciting radiation to
cause said fluorophore to emt fluorescent radiation; detecting an
intensity of said fluorescent radiati debAIMY wherein said intensity is a
direct indication of a binding affinity between said probe and said
target; and determning fromsaid intensity an extent of m smatching

bet ween sai d probé.andAsaindthadgefor 2&ssayimg reimdindf cFaith methd ein
sai d deterniggﬁg k?iggqonplished by calibrating said intensity agai nst
intensities &XhFbite by ot her probes conbined with said target and said

i ntersal ati ng ageptrpvéddihgofa saadget hepmppisbag dY f &eRAf ONEMBEG BT obe
by at | east one base. % 3 5 §8 hod of claim2, wherein relative to said
target, each of said pro%e and sard’other probes is a different nenber

sel ected from t hepgootdingnai stolng wadmprigierd ecnucdedie, agidner bageleic

m smatch, a two-base m smatch,,a WO 01/ 464 P - base
m smat ch, a one-base d&F i%ﬂélggtﬁﬁyggg%fgéaég%%ﬁﬂgﬁgggggﬁ%§é§%£§§§>
del etion, provided thattsaedstpaobertdnnobfbeasd dapgetect match. 4. The

ret e of o1 Ly LUt SaTBeLBLng,c by e LY. i sel fubLogkty ALLAM
probe or said intercalating agent comprises a
fluorophore;
adding said probe, said target and said intercalating
agent to a hybridization medium to provide a test
15 sample;
irradiating said test sample with exciting radiation
to cause said fluorophore to emit fluorescent
radiation;
detecting an intensity of said fluorescent radiation,
20 wherein said intensity is a direct indication of
a binding affinity between said probe and said
target; and
determining from said intensity an extent of
mismatching between said probe and said target.
25 2. The method of claim 1, wherein said determining
ig accomplished by calibrating said intensity against
intensities exhibited by other probes combined with said
target and said intercalating agent, each of said other
probes differing from said probe by at least one base.
30 3. The method of claim 2, wherein relative to said
target, each of said probe and said other probes is a
different member selected from the group consisting of a

perfect match, a one-base mismatch, a two-base mismatch, a



honbgeneous assay conducted wi thout providing a signal quenching agent on
said target or on said probe. 6. The nmethod of claim 11, wherein said nethod
is a 10 Womaepsous assay conducted w thout prior denat urpgt®go/efoze sai d
target. 7. The nethod of claim1, wherein said nmethod is a honbgeneous
assay conducted without PCR anplification of said target. 15 8. The net hod
of claim1, wherein said target is dsDNAL and sai d probe hybri di zes

specifically with said target to forma triplex .. Jhe met hod of cl aim 8,
wher ei n sai dtpr6Bebpse sEPRAREFRRNAS Z@H?LOI?agﬂe dRtFtPf F ai AT PIRRr ei n

sai d probe hagiaciBartddl ! ¥ charded.hackbenecidh, Theovkidddebhtclsdid 1,
wherein said probe has an_ uncharged backbone, 12. The nethod of claim 11,
wher ei n sai dPFPBBeCcapBogokpr 348 ReplaCselatfte. 13. The nethod of claim 1,

wherein said probg is TﬁgF’Nﬁ\e%%aar%ct by1Rardl I8l sptthest s. cdfpriengret hod
of claim 13, wherein said probe and said target are the same l'ength. 30
15. The net hgoaptiflydng saidhbiadangapdfprab¥-is 6 to 30 nucl eotides | ong.

16. The net hod of cl ai , r ey 110 sR1 obe e deoin NSl eatddesy | pHgs WO
03 46467 PCT/ 1800701030 203 FUEH ot B IR, 400 iferlotn MO RN 4

i nt er cal at i nomagenteous cavahgntdondyelied t gishPutpryseridigg The PAgPRH of
medi um | n'a FOERCETES BeBE BN EelR s A iRy PR AP R et 10, “The
nmet hod of clai m 16 .whefTien redindd mifercdaliat ilng wherein said method is a

10 homogeneous assay conducted without prior denaturation of
said target.

7. The method of claim 1, wherein said method is a
homogeneous assay conducted without PCR amplification of
gsaid target.

15 8. The method of claim 1, wherein said target is
dsDNA and said probe hybridizes specifically with said
target to form a triplex.

9. The method of claim 8, wherein said probe is
ssDNA or RNA.

20 10. The method of claim 1, wherein said probe has a
partially charged backbone.

11. The method of claim 1, wherein said probe has an
uncharged backbone.

12. The method of c¢laim 11, wherein said probe

25 comprises a PNA sequence.

13. The method of claim 1, wherein said probe is
ssPNA prepared by parallel synthesis.

14. The method of claim 13, wherein said probe and
said target are the same length.

30 15. The method of claim 1, wherein said probe is 6 to
30 nucleotides long.

16. The method of claim 1, wherein said probe is 15

nucleotides long.



agent is a menmber selected fromthe group consisting of YOYO1, TOTG 1,
et hi di um brom de, ethidi um honodi ner-1, ethidi um honodi ner-2 and acri di ne.

10 20. Theygmidged of claim 1, wherein said probe consist@Eagesniioad |y of
said nucleic acid or said nucleic acid anal og sequence. 21. The nethod of
claim1l1l, wherein said exciting radiatiog is emtted froman argon ion
| aser at a 15 wavel ength from about 200 fAimto about 1000 nm 22. The

met hod-of claim 1, conducted at .te ratures . within_a, ange of 5C.
23. The method of 12 aj EF‘?, mﬁtéﬁ‘aﬂc?rggﬁﬁlq erplPSFGrEsSe él oW ez’%‘t?lsaz%ﬁ}% The
et Bod of cl aggh%, iwhebeuneatlgl babhti ty ehidspirdbaet hod i s independent of
probe or target base sequence nd_i ndependent of .probe.or_tar uani ne
and cytosi ne con@ént.ng.m?ﬁgoﬁé?%dg“%V“gTaW ef?l§h§?é?nl%Eﬁ¥§$i%€l%%nple
25 has a vol ygenef 18bauled0tsi 5500 hgbsid0nhsiohngeabant id0a ferhofpées of

target and about 10 fentonol es of praobe. ;26. The nmethod of claim1, wherein
a con&entrat Pénsafid BEPRe: 8PgetTrR &4 §3¢8mPPESFS -not nore than 5 x 10-7 M

27. The method of 1¢l ai AR3mevhBaEHD ELLANGENWhatean 301iaf is6éfcHlHbendgn
said sanple is not nore than 5 x 10-10 M _WD 01/ 46467 PCT/ 1B00/ 01930 _33
28. A net hodagentassay? ngeRPRdi feleshisd nEtPbdtRe ofFEY® PR dvitd ngfa

target comprigipgiat +6A61) ONRLAUCHT bASKIIS CqLRMERIivh PROMbELHEr a1 pr obe
conprising a first fluorophore and a nucleic acid or nucleic acid anal og
sequence i meshiidéuny homegliawanRaeyd @caididgst "a portion of said target;
providing an intengal athlg 4QeMlLCOoRRr i $hA9nA $6€CORHerein said probe
consists essentially of said nucleic acid or said nucleic
acid analog sequence.
21.. The method of claim 1, wherein said exciting
radiation is emitted from an argon ion laser at a

15 wavelength from about 200 nm to about 1000 nm.

22. The method-of claim 1, conducted at temperatures
within a range of 5 to 85°C.

23. The method of claim 1, conducted at temperatures
below 25°C.

20 24. The method of claim 1, wherein a reliability of
said method is independent of probe or target base sequence
and independent éf probe or target guanine and cytosine
content.

25. The method of claim 1, wherein said test sample

25 has a volume of abéut 20 microliters containing about 10
femtomoles of target and about 10 femtomoles of probe.

26. The method of claim 1, wherein a concentration of
said target in said sample is not more than 5 x 10°1° M.
27. The method of claim 23, wherein a concentration

30 of said probe in said sample is not more than 5 x 107*° M.



10 fluorophore, wherein said second fluorophore and said first fluorophore
fluoresce at different wavel engths; adding said probe, said target and
sai d int eweahiakig’g agent to a hybridization nediumto preddgo@ofosst 15
sanple; irradiating said test sanple with exciting radiation to cause at

| east one of said first fluorophore and_said second fluorophore to em't
fluorescent radiation; 20 detecting an ?ﬁtensity of said fluorescent

radi ation, wherein sald |n is a direct i ation of

affinity between £8id s °F f8P§&t"%an lﬂéfggnlnﬁﬁbdfr%ﬁ#gggd
intensity anc@mbeabrgg 25 nlsnatchlng bet ween said probe and said target.
29. The nethod of claim 1, wherein a wavel ength at |ch sai d |nte£calat|ng
agent fluoresces §P?‘Of‘”tléhtn(9 £ S8rord \%VQ’@T?STW? ?ﬁﬁér At Fonh 4

di fference between saisg iRt and said second mavelength indlcatlng
30 whether a conpl ex between said probe and said target is a duplex qor a
tripl 8 and whet h®FYAd NGy RrGRE MOURFLIRNG 2 3birdhef %%‘Pﬁ%ﬂh%?ecf"aiim 1,

conducted in a solution Mpiihiiazuesl 09r Q130 ¢ REIITeAR) Bo§ UsEgGEncHD
01/ 46467 PCT/lBOO/01930 34 31. The nethod of claim1, conducted on a

bi ochip. 32. A method FmerfesiylivhG WAt ¢eathoteasenpr Perhgon
providing a target conmpyd Sijigy aty4 L one nucleic 5 acid sequence;

provi ding a probe conprising a nuclei'c acid or nucleic acid anal og
sequence; provi di mgaandimeraral ntencatpping vieert ncehphbsingi d sprebe or

said]kptercalatlng agthiﬁﬁﬂﬁﬁkﬁ%g herein said second fluorophore and

said first £fluorophore fluoresce at different
wavelengths;

adding said probe, said target and said intercalating
agent to a hybridization medium to provide a test

15 sample;

irradiating said test sample with exciting radiation
to cause at least one of said first fluorophore
and said second fluorophore to emit fluorescent
radiation;

20 detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
binding affinity between said probe and said
target; and

determining from said intensity an extent of

25 mismatching between said probe and said target.
29. The method of claim 1, wherein a wavelength at

which said intercalating agent fluoresces shifts to a

second wavelength upon intercalation, a difference between

said wavelength and said second wavelength indicating

30 whether a complex between said probe and said target is a

duplex or a triplex and whether said target is DNA or RNA.
30. The method of claim 1, conducted in a solution

within a well or on an impermeable surface.



10 fluorophore; adding said probe, said target and said intercal ating

agent to a hybridization nmediumto provide a test sanple; irradiating said
test sanpv® mdbds7exciting radiation 15 to cause said fl u@caaBos/e9so emit
fluorescent radiation; detecting an intensity of said fluorescent

radi ation, wherein sai d intensity is a dijrect indication of a binding
affinity betmeen sai d probe and said 20 target calibrating said intensity

against intensitics exibid by 4 NCAr doos combaed o L3Rl dar get

and said intercal ati'ng "ag ent erei at'ive to said target, h of
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t he group conS|st|g%.of a perfect match, a one-base m smatch, a two-base

m smatch, a 78 * m smatch, a one-base del etion, a two-base deletion
and a three-base galatidinig and ta@geet exanpriegig oat sdiedstal o atiingean

ext ent_ of [ i
. o] mat chi ng be%xg&y{gg*?IPnge and said target.

providing a probe comprising a nucleic acid or nucleic
acid analog sequence;
providing an intercalating agent, wherein either said
probe or said intercalating agent comprises a
10 fluorophore;
adding said probe, said target and said intercalating
agent to a hybridization medium to provide a test
sample;
irradiating said test sample with exciting radiation
15 to cause said fluorophore to emit fluorescent
radiation;
detecting an intensity of said fluorescent radiation,
wherein said intensity is a direct indication of
a binding affinity between said probe and said
20 target;
calibrating said intensity against intensities
exhibited by other probes combined with said
target and said intercalating agent, wherein
relative to said target, each of said probe and
25 said other probes is a different member selected
from the group consisting of a perfect match, a
one-base mismatch, a two-base mismatch, a three-
base mismatch, a one-base deletion, a two-base
deletion and a three-base deletion; and
30 determining from said calibrating an extent of

matching between said probe and said target.



