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CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This

waPRligatienclaims the benefit of U.S. Provisional. Applicatiop-dNQisaaes009916
60/663,613 of Mao et al., entitled "Dimeric and Trimeric Nucleic Acid

Dyes, and Associated Systems and Methods" and filed on March 17,

2005, and is FINEBYS 00HERAMBRIGNRpHHEAIST R Mifed AND

concurrently herewiths endlareinléy Ae0Gs which alsvretams the benefit
of U.S. Provisional Application No. 60/663,613. Each of the

aforementione iSi icati Io| fQr, '

application is ir?%%%%é'r?at%g%%%g rt?lgntiﬁg g‘ﬁiﬁ@?ﬂﬁ%@éﬁﬁs
STIRTELENT REGARDINEMNAME SOEPARTUES Hovisig@iNFpplication No.
(RCE,Sg @5&'3:' MW%E&Q@Q@}‘BQ%W e TeAYWaTE CTRMIADYyes, and

and AlleLogic Biosciences Corp. (Hayward, CA) are parties to a
joiktFesiEs A vi@e s Isdear AEtSHE Praduih Iveftionand is related to co-
REEERENCE AOARERWENCE LISTINGANENREQIBERFGAMD on March 16,
INCORPORATION BY REFERENCE CONCERN%@?MEQ%O%@;& €13
orighSr RS ARSI HE S AR BT PAS Cn T SREHE AW ARRGIHS ™ pti&fe 1
of thejoriginahdiskette-pomtriningdheiGeduenpichiztinpfor 3eeQ 4Dti@:ntioned

troush. SEQIRNG, A0 dladeset hergi. as il asa gper copy of he

Se enceq_ls%mg, &re submited In, refe ed o in, and incorporated in

their entireties, including the contents thereof, by reference in, the
aforementioned @"@sﬁ%ﬁ#&?&?ﬁﬁ&?&%@%&%ﬁ@% paper

copy of the Sequencerisiingisrsupnsitiee e e@RERNMSENTEreby

requested that the compliant computer re %{58 q e Listing that is

A SUORAD ARy 1o MEHBTRE (T ETE 6 P SR AHEAIgRpee: Com
60/863:643, liaused packanedigoivithsthiciapplication. fhaipagerothe present
com ac{.disc copy of the Sequence Listing in this application, and the

content ;r?él'reof, are identical to the computer readable copy of the
Sequence Listing that was filed for the aforementioned U.S. Provisional

Application No. 60%%%?@@‘;@%3 %e“qé’éﬁ?éé‘?ﬁ&%}i%ﬁé“b%ﬁé‘ﬂ%opy

REQUEST AND INCORPORATION BY REFERENCE
CONCERNING SAME
[0003] An original ASCH diskette and another ASCII diskette, which was a duplicate

of the original diskette, containing the Sequence Listing for SEQ ID NQC: 1 through
SEQ ID NQO: 10 disclosed herein, as well as a paper copy of the Sequence Lisiing,
were submitted in, referred to in, and incorporaied in their entireties, including the
conients thereof, by reference in, the aforsmentioned U.S. Provisional Application
No. 60/663,613. A paper copy of the Sequence Listing is submitted herewith. It is
hereby requested that the comﬁiant computer readable Sequence Listing that is
already on file for the aforementioned U.S. Provisional Application No. 60/663,613
be used in connection with this application. The paper or compact disc copy of the
Sequence Listing in ihis application, and the content thereof, are identical to the
computer readable copy of the Sequence Listing that was filed for the aforementioned
U.S. Provisional Application No. 60/663,613. The Sequence Listing, the paper copy
of the Sequence Listing that is submitted herewith, and the computer readable
Sequence Listi.ng that is already om file for the aforementioned U.S. Provisional
1



of the Sequence Listing that is submitted herewith, and the computer
readable Sequence Listing that is already on file for the aforementioned
U.S. Provisional 1 WO 2006/099605 PCT/US2006/009910 Application
wiosfMe&3:613 are hereby incorporated herein, in their entipetiess2006/009910
including the contents thereof, by this reference. BACKGROUND [0004]

Flugrescent dyes h %e used for the detection anr%analysis of . o
bioi(z?l ica Hggm]‘%sés.g%% lj%irl‘és%rgnp &8 APSHRMRI CeriSiie, {RelPeiinapiireties,
usdtctodietdht sontmytssheadbhibmbies sfféheocescent molecules. For

example, such fluorescent dyes can be used to detect fewer than 50
fluorescent molecules that are asgagiateg witieells. Barak, et al., J. Cell
%Fluorescent dyes rgg%/z be used as probes for

Bi 5 (1981). [0005
uﬂ?ﬁ‘?ﬂﬁ?ﬁ%ﬂﬁ?ﬁ eJX%%@ P BeyaseafpIdRe agalysis of biological
fluceessient-tly ¢ipsahechiotnd tecahighBPiofReLepHACeDhsed 1o detect a very

Dic telium, cells.has been used in the imaging, of a single molecule of
oL ot S St B oAy, dves can be
Sevisddl i4|WisredicEntriasShafingedifferent Ruoies tentavausdenigths way cells.
be Bﬁ%@}@t&?[ﬁ‘?@?ﬂl’ﬂ%ﬂ'ﬁ?'@éé@ﬁﬁ@ in live cells or tissue samples.
Fluorescent probes are highly” sensitive, of relatively low toxicity, and

ea 6855 _Pose of relative to radioactive probes. [0006] Fluorescent dyes

car IS PP AL oI S BIBEC kit D RS R, cels o
andissiodogicaisamplestanglding flucieicsacids: Nuleisasisl ROYMESor on the
su DNA. and RNA are.inyolved in the transmission of geneti
infgrar%%%)ﬁl}‘f%zﬁ”lwgﬁrgwg]gnce%gst%%s t%e Beurslee%xtl B t%ﬁ?%%ﬁf? SHAETSRRGHe of
of [NAREpeKgaktisBeiNUctébBacidsdare ¢hus.of Satevest 26 tRE4OMHIS) 0f Several
stugofalietessanlaciale apiddvenltiat sneglisaliuing. o audlels acids,

E G Perionm
and form highly fluorescent complexes are useful tools for suc P

2
! scel : udy.
ThESEtyRYTARAgEE SBdliv delitom Essre sumealesn e teRisTopbENxe highly
andeRiivin arvarieRel mBediaxineluding oue t%oﬁﬂgmé SEILLXHACS radicactive

electrophoretic gels, micro-array chips, live or fixed cells, dead cells, and
en\ﬂlf?)% ental samples. These dyes can be used in the quantitative

detection of DNA in real-time polymerase chain reaction (qPCR), which is

a tdePRfiG Udussesrsnigepbeniche used in the detection of nucleic acids, including DNA

and RNA, and biologicai samples involving mucleic acids. Nucleic acid polymers such
as DNA. and RNA are involved in the transmission of genétic mformation from one
generation to the next and o the routine functioning of living organisms. Nucleic
acids are thus of interest and the objects of study. Fluorescent nucleic acid dyes that
specifically bind to nucleic acids and form highly fluorescent complexes are useful
tools for such study. These dyes can be used to detect the presence and guantities of
DNA and RNA in a variety of media, inciuding pure soiutioms, cell extracts,
electrophoretic gels, micro-array chips, live or fixed cells, dead celis, and
environmental samples. These dyes can be used in the quantitative detection of DNA
in real-time polymerase chain reaction (qPCR), which is 2 technique used in genomic

research and medical diagnosis.

[6007] Polymerase chain reaction (PCR) is & primer extension reaction that provides a
method for amplifying specific nucleic acids #n1 vitro. Generally, in PCR, the reaction

solution is maintained for a short period at each of three temperatures, 96°C, 60°C
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research and medical diagnosis, [0007] Polymerase chain reaction (PCR)
IS a primer extension reaction that provides a method for amplifying
specific nucleic acids in vitro. Generally, in PCR, the reaction solution is

WRhBiAtAE for a short period at each of three temperaturest 96€S8BT0291¢
WO 2006/099605 PCT/US2006/009910 and 72C, to allow strand

separation o dgpatwatie @eﬁm&ﬁéiagdmgméﬁ,%%ﬁh%g},aﬁﬁﬁa%ﬂ\@aéﬂsm,
These three temperature stages are repeated for 30 or 40 cycles with the

usEBEsialitoniate dbire (STRRRREIT HRSER AP ERtA T BB TR e dBeycles with the
coaigﬁiam?lfg@td@aﬁa%ﬂxaﬂﬁf@%@;mrﬂfwmmybh&c @f@@éﬂ&éhﬁﬁcﬁ;ﬁm@' the
a millign-fold copies of a ,DNA sample can oduced in g singl )

e R o it B TPl W e B PP AR !
to detersingi¢hessizepandhsagitence ot target BN Acathits DiNAre within 2 matter
amplification technigue has bee cloni nd other mol| ‘
SR R R SR e I e
et BNAMuEbEsatazy ROIN{1T8 TrsaRdeSalikc et ot , Serere catio 88y 0moBcular
OngoRERaPaseeachnQuethal isiteeilbis guantially e RakliMe Rialis, e al,
(gPCR). Briefly, the mechanism of gPCR is based on PCR amplification

of Yererds B AR periertikl HinSF By 5 (hing a PCR reaction

and measuring the total number of DNA copies at given points during the
col{i8e8bihe RiRplifisatienireaetitn; trnedah i etrodgtvelyrcdlonia®IRg gPCR).
a tarti A i - TA 3
o G oA mon
metrsehEnisnasect ik PORIIEHPE Brectfiirn gae fitisiasdbhictdagisnbst of
useglin 95;% of BRANSId¥pede-Rased enlidonycleatideslabeled With QRE can
or more fluorescent dyes, or with a combination of a fluorescent dye and

a JePRAEHy oS tA5RIBE SfigBRiRTddhde R #8E4Se fluorescence

either upon hybridization to a target sequence, or upon cleavage of the
oIi@%ﬂ%l@@ttdeg:mu@whsgthi@imtmdn as mmxaﬁinopwﬁbﬁaj teethrgile, and
amauot abRaEseRk e MeLNARPm gncihodise Al 05 QRI0RARRTcscon

uorescent reagents have been various patents an

puBtRssiEees e GRS xBin Hst HBfahbesed K gignnukiaatidesdeb sy wiggne or

(1994 B8 LEAlaMNURIGAGIHSRAR.KI998): Anctdd:ShiRateliNQRencher dye.
5,210,015, 5,538,848, 6,258,569, 5,691,146, 5,925,517, 5,118,801, .
5,3?%%&?&}’?& @m%%tmﬁaﬁbﬁse fluorescence either upon hybridization o a

target sequence, or upon cleavage of the cligonucleotides following hybridization in 2

manner proportional to the amount of DNA present. The mechanism and the use of
the oligo-based finorescent reagents have been described in various patents and
publications, See, for exarnple, Holland, er al., Proc. Natl Acad. Sci. USA (1991);
Lee, et al., Nucleic Acids Res. (1993); and U.S. Patent Nos. 5,210,015, 5,538,848,
| 6,258,569, 5,691,146, 5,925,517, 5,118,801, 5,312,728, and 6,635,427, Although
oligo-based fluorescent reagents for gPCR have the advantage of being highly
specific toward a target sequence, they are very complex in design and consequently
expensive to use. The second type of fluorescent reagents used in gPCR is based on
DNA-binding fluorescent dyes, which are commonly referred o as fluorescent
nucieic acid dves or stains, Because fluorescent nucleic acid dyes are relatively simple
molecules, they are easy o manufacture and thus inexpensive {0 wuse. Their

application in gPCR is useful for routine genetic detection in research labs.
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oligo-based fluorescent reagents for g°PCR have the advantage of being
highly specific toward a target sequence, they are very complex in design
and consequently expensive to use. The second type of fluorescent

W AWEMRteYised in qPCR is based on DNA-binding fluorescéfitdye i ifitH
are commonly referred to as fluorescent nucleic acid dyes or stains.
Bagalse Noomdiscentiutieis Akistdyesrasesnelativiely sitiiplkeaimatecesised for

the e.easy. to manufacture and thus ine ivetouse.Their . . . .
Pt PR e T S e on i (et for i o be
lalssit@\/ 2060086 (5rRCTHEIS 006180093y fdie tudoe R Eoamneipe.

avgilablefrorescent nugleig agid sfains candeseddan ARER. Ideally.dabie.

fluorescent nucleic acid dye should meet certain criteria for it to be

subdBidaeriypemaise HEret heshdumaba errehinedllySseapIBau Ry ipERly from
angisierags IneeP 6y iscattiaduiathigh temparalute e diedic at high

should be thermo-stable. Additionally, since the pH of the Tris buffer used

forPRPRERT VA E5hsIBeTHbRRHGH Ik dAnECIHHCS SRS ToWr hnirsramprs tion.
(4@éé@na,e@ﬁéah9é,s{£gﬁﬁy;a@é@iﬁ @é fgighmmamme ,sﬂml%y&r)l@hgh&ﬁitbﬁhle PCR
resistant to_acid- or base-assist ecomposition. Second, t e, when

o B TR R SO T S G AR TR D B BB I the
theigigecshauitibe, nod-Rhorestentos i dilydiessrasderthin preseadssehdENA.
of DN nd should ome.hi fluor. i .

o S e 2 Mnpatol
arevbnyatibie withuesdatingvhithu sientermaich ereprsinaiiite gpiispl Fhannels

W%ﬂ&&&@d Cﬂ)‘?nB&Em%ﬁti%?éjsé&ftCgi[_%g)O&HH_OE‘@S@@QMdV%E,SUVbﬁs(Appﬁed
FAM, JOE, VIC (Applied Biosystems, Foster City, CA) TAMRA, ROX,
Te RIS RERCPSHAIEYS For- ckAMPBIS: BRR-AhEsdFe BRbuIBBindWithS: for

Dl\é&awxiﬁre!ingrtﬂ@ SROURRGE Mrefesancer aShih, ihe DNA-dygneaip pletasnce.

should have_fluorescence 'Dtgn%tieit at a%e linearl reltate 1o Elge e Tinearl
it OSSR ST0h S 1RGSR % W o Teary
sunprissdgatiiat aaopdens BOEletomeitd- binding dyes can be used for gPCR.
Ethidium bromide (EB) is a DNA dye that has been used to demonstrate

thzﬁﬂﬁﬂ' it pfhsing 2 sipRigtye fPraRG Rulfiguchiaatl @y Bigr Teeliolcid-

10(4), 413 (1992). However, EB suffers from problems of low sensitivit

anduAdeshesIe Ry ferfytas IR hobyegy tEer (Poris SvBrrve that bas

Gregsh used to demonstrate the feasibility of using a simple dye for gPCR. Higuchi, ez
al., Bio-Technol. 10(4), 413 (1992). However, EB suffers from problems of low
sensitivity and undesirable wavelengths. A widely used dye for gPCR is SYBR Green
I from Molecutar Probes, Inc. (Bugene, Oregon (OR)). Wittwer, ef al., Biotechnigues
22(1), 130 (1997}, SYBR Green I is a cyclically substituted asymmeiric cyanine dye.
Zipper, et al., Nucleic Acids Res. 32(12), 6103 (2004); and U.S. Patent Nos. 5,436,134
and 5,658,751, The advantages of SYBR Green I are that it has excitation and
emission wavelengths very closely matching those of FAM, with which most of the
instruments are compatible, and that it is highly fiuorescent when bound to BINA.
Recently, a DNA dye called LC Green was used for gPCR, although the structure of
the dye was not disclosed. Although the LC Green dye appears to have desirable
wavelengths matching the commonly used FAM optical channel in most of the PCR
instruments, it is much less sensitive than SYBR Green I More recently, a DNA

minor groove-binder called BEBO and e related dye called BOXTO, both of which
4



| from Molecular Probes, Inc. (Eugene, Oregon (OR)). Wittwer, et al.,
Biotechniques 22(1), 130 (1997). SYBR Green | is a cyclically substituted
asymmetric cyanine dye. Zipper, et al., Nucleic Acids Res. 325%221 €103
WOHRI9%IT U.S. Patent Nos. 5,436,134 and 5,658,751, The HOvANTAHas!"
of SYBR Green | are that it has excitation and emission wavelengths very
closetymmmetingitiose dfs ANy WIRRNRGOEE aBthe GhSiRIReressre ¢ ol

CompRIble.Ah hat ft4s high %ﬁé}'ﬂf%’@tM%E@Wﬁ@ﬂ@a@%uﬁﬁc&tion No.
Recently, a DNA dye called LC Green was used g?oﬁré?PCR’ al,though1 the

SRAMFE 304 e Was et RIBs SR GRIRE Potspaisle lag behind

appeprsde-bayve dasiabie-ywauelengths matching the commonly used
FAM optical channel in most of the PCR instruments, it is much less

e e e HOXE S B S At R il

ated dye called BOXTO, both of whicli 4 W
20864059605 PTTIUSTBOE/J0UTTS. AtddsFtiietretyaiibageseHegieon the

beenreporied foruise RBRCR. Bapatasen «ghal., shugieiCAcidaReshieve by
31(8), e45 (2003); and U.S. Patent Application Publicati

ation No .
2004167098 FRELEAEIBRHAFPEESD %%%W%gs?é“ﬁﬁ%f@%s‘f%
beqiagh $¥BRifansendgortimsiofisensiivitycd0Rdiiintiugh S¥BBncentration
Green | has heen,widely ysed as a DNA .dye f PCR, it still . is lagking in
T ORI Tve st G e B el SR B06 D0 iher
PGRprecéssiywhinictimnitsdhemitiaadimalin Bignaltbtreizgtl smengdncachiswse the

by&%%ﬁ@g@%ﬂ%@ ﬁ%&%‘%@.%?&d&cé@%ﬁﬂ%ﬁ%@t%ﬁ%ﬂ@étéﬁﬂ&%},%ﬁé’i@'@mm

using Is Initially proportional e dye concentration until
thé thyehenrrsdintranitaivesndse & ksmespdiianth supfesttirstbaiimpgiion of
PGR nregessaignificantiy4 Turter dngreasedn dyeconseniadion wiht SYBR

actually lower the signal strength or increase the cycle number (Ct)

be&arsel 6iatsd B DNA AT AFEHRBF BNEHEF SR G TP TS O 2 fov

chemically sastablg dndenalkaling sRRdlioRs sseheas thpBikalit®itors. Karsal,
condition of the PCR buffer Whéen stored at Jow t%?ﬁ‘g%gg% It has been

reffofteHECSYBIEGRbn TSFEAN T3 BLARS! FipbEL VoS only
sighificamilyrsavaicthecoursevaha fewmelaysadind tvailthi dyimorescence  defection
decomposiion produts are i aé%‘&%éx@?%ﬁé‘%‘ﬂﬂkbi&%“% z@%%%ie} eh@ayditional
Biot& ei"éluc’es 92& ,“}%18 ?ﬁ ). For yet another, S iBIQ-'Q reen | provides
onkythenepfiugrascents oulor: Nanyapohirmd dtdising anabid fillapescenggecclors.
detection

[0013] Development of fluorescent dyes or the making or the use thereof is desirable.

SUMMARY
[0614] A method of producing or designing a fluorescent dye suitable for useful
application, such as in a gPCR process, for example, is provided. The method
involves covalently linking two or three monomeric dyes via & bridge that may be
flexible and substantially neutral {for exampie, neutral or slightly charged). A method
of producing or designing a dye, as provided herein, may allow for the development
of a fluorescent nucleic acid dye that has a wavelength and/or other speciral property

that heretofore could not be obtained,

[0015] A fluorescent dye suitable for useful application, such as that described above,

for example, is provided. A dimeric or trimeric dye, which may be produced
5



instruments have multiple optical channels (the FAM optical channel and
additional other optical channels) and are thus capable of detecting

multiple fluorescence colors. [0013] Development of fluore &F e
Wf?}%{'?ngg ?ﬁfﬁ’or the use thereof is desirable. SUMMARY [00?&? sr%é/g{ﬁ%ﬁ)a@m

of producing or designing a fluorescent dye suitable for useful application,
suEsading dgPorbnd desgied rErip@aks FiBviaduirpHe StRey which, it is
in%@ivg%cﬁo i r@bagjﬁkigg tmcﬁfothégﬁlmmael : rHeigyesyia &flkléﬁiglfbﬁh?dmand
may be flexible and substantially neutral (for example, neutral or slight

CHEFGRRTSR o fHERE Sl PO RS Gr aé%’&n‘%ﬁ@c bﬁet:ﬁa%%%%ﬁo%aeh%ﬂe% one

masaiowfalithe develipment fefiadiereatent nuclcit vt dyedhiathasund”
VRciendihapdir el shecial ROPRIl. that berSipialgikould ARl enc:

a

obtained. ] Afluorescent dye sul or Usefd application, such as
thardesonibkdaowdy or 8cEiphabitoprevitledtaAvdireticRortibitpe dgetively
Wfﬂ&ﬁl BHAY-RERQ %?9&&1&49 &QQ@{QL%%%@PSEE{M&P&B@Q %galgpbe better as

according to a method described herein, may form a hairpin structure, .
WHICH! leRst Batieldhesn svp il thb Ayl Bishnre daefeiesaligs drasyising dye,
relgaserogaemand s meshaniyn «as irtherdescibed fiareiBeAueien may have

described herein may have at least one feature or a|l of the foI&owin
fo BB IO TGS R b AERFO RGBTSR EY gl et
abpenes®i Buakkinasids)iihady, and ideally, no fluorescence

background; relatively low PCR inhibition, and ideally, no PCR inhibition;

relafvely gl lugrercentsignahalienath and Lelative figh BROIL Ihfle of
dye may be better as to at least one of these features, or as to all of these
fednireaolratrh AlBRiiE RS, QUM ASTSVISR @ R BHIPIEHA By Waprgyided.
exmﬁé\rwﬁ%ﬁﬁ@ﬁ%ﬁﬁéa MRhavRrafRepety: sHehmealy fluorescent
wavelength and/or anothe speml %ropgrty, for example, that Beretof. e, .
coliit HEF 0B 8T 1B E DT SRdo P hriffePE YitlTeft RRUEas'S =
Staﬂaﬁm fre capebledl inkdmoletuardimewnfonationa omthedonmhtiensiate
of %ﬂ%@%‘ Qh%tr %t¥£%hgrenp6%¥|%%dd clatnlsagggzenvggnyq %gtigﬁ!rg'@sfsfﬂﬁﬁgrdbeﬁeved
dye may non- torescent of minim yflruorescent %y itself, but may ‘
becimn é‘:is_i gp@l{ ﬂ&ﬁ@i@c@}ﬂfﬂm ipresdbrod)st Makleidshcids Smsl pesiliEdad in
thag pugleic.AciPiding oliNg.dys: may.acqur ¥ig:al ntermediale HalRic acids
increases, an equilibrium shift frorm the hairpin state toward the nucleic acid-bound
state of the dve may occur, such that the strength of the resulting fluorescence signal

may be substantially linearly proportional to the amount of nucleic acids present.

[0617] The above-described mechanism, which may be eferred io as a release-on-
demand mechanism of DNA staining, may be desirable for various applications, sach
as quantitative, real-time PCR (gPCR), for example. Merely by way of explanation, it
is believed that the formation of the hairpin structure may render the “effective dye
concentration™ low, such that a dye described herein may interfere very little with the
PCR process. Thus, as compared with previous dyes, such as SYBR Green [, for
example, a higher concentration of a dye described herein may be used in gPCR, This
higher concentration of dye may increase DNA detection sensitivity, perhaps

significantly.



wherein the dye forms, in part, an open random conformation. It is.further
believed that this open random conformation of the dye may exist in a
small quantity and in equilibrium with the hairpin state. It is believed that
as the amount of -nucleic acids increases, an equilibrium shift from the
hairpin state toward the nucleic acid-bound state of the dye may occur,
Seohghatihenstengtiephinm gasultingp fidoiesusinceosig ek Mapefan 2 sampie
substantially linearly proportional to the amauat of nucleic.agids presetich »
[%Erﬂvﬁ%‘a’t&&e\@?g‘é@%r%&ﬁ mech r%%m, which may be referred to as a
relethod-anaydeomapisen echridism of BN AN GORRESIE dBsiaeifond
various applications, sych A3 QuaDHRIVG . rRahiime RERERLER) fofmuiz:
e%%%l%e’.%ﬁélrcgﬁ bay wgg of explanation, it is believed that the formation of

the hairpin struduLemaHender the "effective dye concentration” low,
such th&adyede8iBed hereifamay interfere very little with the PCR

process. Thus, as compared with previous dyes, such as SYBR Green I,

for, exam @%ﬁ her concentiation dyg,dessabedNae NPV Bprising
u éﬁrle rgg . Elzg ic’g g%%%%%i%%aﬂéﬁ’ of dye m;%/ﬁncrease DNA

détentinmsehsitaiont fofhapshuigeeteaips Q0BLBIR FRAHBECE selected from
d%teﬁ“ﬂ{“é% Jugleic;acid formatian ohadackhaseafiprassammpleciise acid dye
provi ed. The sample may of may not comprise a tar%%nucleigl acid.

SuahsHTTAA G G MITBESlT6 Ailfh Y FOSE o P ESABHEING the ™ ™™

samaleand 8 duoessentnuceisacidydyenwheseaithel fuedefoentnictesscent
acid dye has the formula: Q2 Q7 BRIDGE Whtereic QBQ;%EJ 8 opstituent. @
SUBLHEH AL a IR atie LB Stantial) retitai ket comprising from about 8
to gheucAE0manhyeiogen atersniisna dyé constiiverissete sredeiRiC 4610
flugrescent nuclejc acid dye constituent, a nQn- . iGARIC
dy@’%ﬁﬂ?ﬁ‘fﬂ%ﬁ?@ﬁ L%Fe%%nés’n r‘%%—ﬁl&(‘:lgi'cag%?gg yeE gcr%%ns itl%%@%%ﬁf such e
nofrdldoneseirtinteremy deicanibity Mrorstiftie At Q 2B dhstiierseent

Selz?cﬁ%gcf(agﬁ' gvgu(%r i aucleic Q&%@y ereansiituenti® dye, an ASyMMmeTTic
noR-fitorescent nucleic acid dyeé constituent, a_flugrescent non-nucleic. .
acicl elyigecOy st ISR CTEHNA e SCBMTHBHMGEISE &y ajjer PyTomin ave,
CO%thaﬁvm&dmem%ﬂygﬁmmmtwm@u igbletymeanstidubnt; dve
S B e e e el s L AT RIS MR WRGRL B M, aye
constituent and the G» dye constifuent is a fluorescent nucleic acid dye constituent or
a non-fluorescent nucleic acid dye constituent. The reporter dys constituent and the
ﬂﬁorescent pucleic acid dye consiitnent may Or may not be the same. The method
may cémprise performing a process using the test solution that would be sufficient for
amplification of the target nucieic acid sbould the sample comprise the target pucleic
acid. Merely by way of example, the process may be 2 PCR process, such as & real-
time PCR process, for example. The method may comprise illuminating the test
solution with light at a wavelengtn sufficient for absorption by the reporier dye

constitent and determining finorescent emission or a tack thereof.

[0018a] Accordingly, in one aspect, there is provided a method of determining

presence or absence of nucleic acid in a sample, the method comprising:



nucleic acid dye constituent may be selected. from an acridine dye, an
asymmetric cyanine dye, a symmetric cyanine dye, a phenanthridinium
dye, and a pyronin dye. and a styryl dye. At least one dye constituent of
the Q, dye constituent and the Q2 dye constituent is a reporter dye
constituent, and at least one dye constituent of the Qi dye constituent and
the Qz dye constituent is a fluorescent nucleic acid dye constituent or a
non-fluorescent nucleic acid dye constituent. The reporter dye constituent
and the fluorescent nucleic acid dye constituent may or may not be the

“same. The method may comprise performing a process using the test
solution that would be sufficient for amplification of the target nucleic acid
SHBRNPEESERAIC o B S HRERGgR OMEls kY SRR By doagrble:
example, the process may be a PCR process, such as a real- time PCR
process,, iple. The method may comprise illuminating the test
%mm‘a‘vmelength sufficient for absorption by the reporter
dye constituent and determ’ining fluorescent emission or a lack thereof.
[0018a] Accordingly, in one aspect, there is provided a method of

deterininaTResenca sk aRsancaafive sinerihinRi sAp RiSmtBsMetNehbout

‘comprising: exposing the nucleic acid to a fluorescent nucleic acid dye
Halimg e fspsi 200 BRINS EQ0H HERSTRB D IIKSS WBuBLRintalpore than

@&%ﬂ@@{apﬁgpprising from about 8 to about 150 non-hydrogen atoms-
inclusive, and wherein the linker comprises no more than one positive

CPaitye loprsetdielsiertiA bR ROREHMPE constituent; Q2 is a
flypreseRIkACIRiE RRIC dYR GRASKSHENGAATR. and Q2 may be the same

or different, wherein (i) when Q, and/or Q2 is a phenanthridinium dye, at -
|6hgndrie aRaY bartbeamis ar BETEREARIRIF dye having the structure of

Formulg; | AeNdNHAd N O fRimienRi-aRERE IR WRRERRIDG é[j and Q2 isa

attachesto the structure; and 'F' is an anion; or (i) when each of Ql and

QreraahESmCrR RyaREB Y fEueHEn YTtAE®sEhd Q2 dye constituents
has the structure of Formula |

R; represents where BRIDGE attaches to the structure; and W 1s an anion; or

(il) when each of Q; and Q- is an asymmetric cyanine dye, each of the Qy and Q- dye

constituents has the structure of Formuia IL:

QHg‘s}U H Rg
K\VN( O e
/\)\ S —{CFC)C N—R;

Ry X =
Rg' Rg
Formula II

wherein Ry’ of Formula II is H; alkyl or alkenv] having 1 carbon to 6 carbons, inclusive;

halogen; ~ORg; ~SRyg; ~NRi1Riz; -CN; —NH(C=0)R,5; —-NHS(=0)R4; ~C(=0O)NHR;;; =

Ta



"H3T H'R6 R, X RR RB Formula Il wherein R1' of Formula Il is H; alkyl or
alkenyl having | carbon to 6 carbons, inclusive; a halogen; -ORG; -SRI ;
NR11R12; -CPS; -NH(C=0)R13; -NHS(=0)2R14; -C(=O)NHR15; a 7a
substituent associated with minor groove binding; or represents where
i s AURGRESHE, dhesisvetursinhien Rbrafhartise Hromprsegahes to
Subsum%ié?%r%eaof R9, R10, RT1, R12, R13; R14Pe§5nd R15, any said one of R9,
the strudRigg; R11, R12, R13, R14 and R15, independently, is (i) H, (ii) alkyl having
when Ry 'EOME, 1P FHBALS InslsNGWRReIR e allyl ORtiONRIlY RS NROERPSaid
1 10 ﬁ}ﬁlrogen?s , inclusive, or (iii) an aryl; when R1" of Formula I :
one of RepRpriRes RiRanRREDARL, anigradentiy in Eomidinaaibsilfagring 5-cgFbon to
6-membered, saturated ALY [Dg-uhieh aponay RTRYISESIAtive,
12 carb?élg,sing%]uemﬁgt’évﬁéerg %r‘%f‘\h %%?gglt]e%?%m % andrg;%lpx of Formula Il'is se%’ected
or (1ii) diteny) and S; n of Formula Il is selected from 0, 1, and 2; R6 of Formula
Ilis.() H; (i) alkyl or alkepyl havi carban:to 111191 ﬁ{%ﬂﬁﬁﬁé‘éﬂﬂéiﬁﬁm 250
when R\wﬁé%ﬁ’?ﬁi@ Qk‘%‘%%?ﬁ%e# iSp |og1%lll§go£r?'1pl}|{§%s at least one hetero atom '
6-memisgiectechfrand Nr thand:Sediina. hatdgervplivhadRIG1vyisSRABERH) one hetero

--NTR§6R a; (vii) a substituted or an unsubstituted aryl, wherein the aryl
atom Se!fﬁﬁ% V& ises 1 to 3 hetero atom(s), inclusive, selected from N, 0,

¥ of Foand!S 10k @4itctepfaserfisandBre BRIDGE attaches to the structure; R7 of
Formuyla Il is (i) H;. (i) alkyl or alkenyl having | carbon to 10 carbons,
o OfFOH’HH{%%éS, Sﬁgﬁ%giﬁsi’%éadal y?%%l;kenyl optionally comprises an aryl and at
Re of HeastbNE hetgrd-atGh ieléatediiionyiNiz@ingnt Syl dcslbstitietsomgiusive,
. unsubstituted aryl optianally comprising | e inelusi T
whereit, e AR rorARERS) QR G (4] TR s BB A e ™
0, andtise sHyCIUEORSAcEHREDBS FOIMuBR1 N COmBbiRatidn:fomm s fagesituted or an

aromatic ring, which.may be further._substituted-1 to 4 {i S),.J i :
unsubs @fe?ﬁgn‘g@eme(%v I Eﬁ/@%l%@?ﬁg%zl f%cﬁjélg\?ﬁga)ﬁﬁox ,H%:{%}??swe’

selecteinBlsive llaihiereapidi) oemdsatogeiere BRIDGE attaches to the structure;
R+ of Formula I is (i) H; (ii) alky! or alkenyl having 1 carbon to 10 carbons, inchusive,

wherein the alkyl or alkenyl optionally comprises an aryl and at least one hetero atom
selected from N, O, and S: (iii) 2 substituted or an unsubstituted aryl optionally comprising 1
10 3 hetero atom(s), inclusive, selected from N, O, and 8; or (iv) represents where BRIDGE
attaches to the structure; |
Rg and Ry’ of Formula TI in combination form & fused aromatic ring. which may be further
substituted 1 to 4 time(s), inclusive, independently, by CI-C2, inclusive, alikyl, Ci-C2, |
inclusive, alkoxy, C1-C2, inclusive, alkylmercapto, or a halogen;
each of Rys and Ry; independently is H; alkyl having 1 carbon to 12 carbons, inciusive,
wherein the alkyl optionally incofporates 1 to 2 nitrogen(s} or an aryl; or
Ryc and Ry; may in combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one hetero atom selected from N and O,
only one of R;', Rg, and Ry of Formula II represents where BRIDGE attaches to the structure;
and

¥ of Formulz II is an anion;

or

7o



each of R16 and R17 independently is H; alkyl having 1 carbon to 12
carbons, inclusive, wherein the alkyl optionally incorporates | to 2
nitrogen(s) or an aryl; or R36 and R17 may in combination form a 5- or
6-membered saturated or unsaturated ring, wherein the ring optionally
comprises at least one hetero atom selected from N and O; only one of

R1', R6, and R7 of Formula Il represents where BRIDGE attaches to the
@trLivhse eithsd ©: oTErin amay Artodt lersy BRI verreRtiter of th Qpand

Q: dye AR ACHdIREdYE sRhlsast ane gigisqnstituent of the Ql and Q2 dye
“ 7 constituents has the structure of Formula lll: Rz R1 R, R7R6N N NR5R7

Rg Formula Ill wherein each Rl ofFifi’ormuIa [l is independently, is H or a
CI-C2, inclusive, alkyl; oﬁ F‘—brmula lIl represents where
BRIDGE attaches to the str ; e of Formula Il represents
where BRIDGE attacReBefd the strlﬁftur RNBgHor -CH3; when R3 of
Formula Ill represents where BRIDOGE gﬁaches to the structure, R2 is
selected from H, -CH3, -NH2, NEGH3I,FCN, and -C(--O)NH2; each R6 of
Formula 11l independently, is H or a C1-C2, inclusive, a.II?(l:I' each R7 of

s iR riEnp LIS i iBfependentisn Bt iore Sikyr4oPesh paket:
arliageny R o, R7 anchRL IindopardeniyREPIBGBRGRABaY ik structure;

combination form a 5- or 6-membered, saturated or unsaturated ring; and
phsnRtRfUTamRs Rl aprsrseBlciFE SR ACHE CHRGBER TP BS U e Ra 18 H of
sample, a complex of the fluorescent nucleic acid. dye and the nucleic

acid is formed; and detecting fluorescence associated with the complex or.

#sakinctesTa BT A dBRreE R tHBE o Rt Hin g se IS Beigructure. Ry is
formation ot ailackithergef I AHCH;, —CN, and ~C(=0)NHs;

gach Rg of Formulza I independently, is H or a C1-C2, inclustve, alkyl;
each R7.of Formula JIT independently, is H or a C1-C2, inclusive, alkyl;
for eéch pair of adjacent R or Ry and R;, mdependently, Rg or Ry and R; may in
combination form a 5- or 6-membered, saturated or unsaturated ring; and
¥ of Formula I is an amon;
such that, if nucleic acid is present in the sample, a complex of the fluorescent nucleic acid
dve and the nucleic acid is formed,; and

“detecting fluorescence associated with the complex or a lack thereof.

166191 Another method of determining nucleic acid formation or a lack thereof in a
sample is provided. The sample may or may not comprise a target nucleic acid. Such
a method method may comprise providing a test solution comprising the sample and a

finorescent nucleic acid dve, where the flnorescent nucleic acid dye has the formula:

e



sample is provided. The sample may or may not comprise a target nucleic
acid. Such a method method may comprise providing a test solution
comprising the sample and a fluorescent nucleic acid dye, where the
fluorescent nucleic acid dye has the formula: 7c Q BRIDGE Q2 i Q3
wherein BRIDGE is a substantially aliphatic, substantially neutral linker
compri@m—m@@-ﬁ@ﬂlﬁ@ut 150 non-hydrogen atoms; Qr is a dye
constituent selectedifrom a fluorescent nucleic acid dye constituent, a
non-fluorescent nucleic acid dye constituent, a fluorescent non-nucleic

acid dye constituenf*and a non-fluorescent non- nucleic acid dye
CoRieR 8815 SYa0RRMNAISRIRCIAMb oM & {lUoreRe ek ipising
acid dye constituent, a non-fluofescent nucleic acid dye constituent, a | .
fldieora sbent Hom-PRteicBeredyeresra At iyt AomSHRRt sppcied from
nQNAYiGisicAcii flye Genstitient;@dis, dyercarsituentseleatiitirami adye
fluorescent nucleic acid dye constituent, a non-fluorescent nu%eic acid
cERS RSB REAEATOH AR B FICETE AU AR RN BT S T 2o
neRdliereseentnemsugieic asiddyedgonstitsientnT heladye! Comstitulingsescent

may be any sujtable dye copstituents, such as those d i iR, f¢
S R ST et T e eoR e L e @
canstityent maynhecseladtedyfrenmstinaotidine dper-dNeisseam apicrirsimacic
dye, a symmetric.cyanine NenANRGRLTY A¥8- AR ARYORIAC d
dy(gj,eacr?gs E@%ﬁ)’/%’;{é’.%ﬁggﬁ (S)tk%ég g){_/ee constituent of thre Q, dye . }te
comstitinent, thaco reyresconisnugiein, 25Htitr o OB HET e SSHRIRNERS Bon-nucleic
repoaer dys-constitugit. and atlsast onedyauernstbie alotinenQedyehe dye
constituent, the Q2 dye constituent, and the Q3 d¥e consgtugntjés § o
fluETesHRRHTEIBRS AR BRI OB B En S Ao rR e AT SRR SYE R
dyg:cRRRlIVR ALy IHeWeperardyR, can stisestantuhe dudtedeecinsticleit may
acid dye constituent may or ggapy not be thet same..TEt:‘l ‘;Qeghsovgﬁlgggr)ﬁc cvamine
CORpTAE BE i Ty A e L8 g TRERE saitition that ‘would be o
sufficientienamplificationied, theitanetnincloic acilskunit dfe Senqsie one ye
comprise the target nucleic acid,.Merely: by way.of example, theRreeess., dye
ma?y Séﬂg‘“’figccﬁ p%bc@ésﬁrseugﬁngghgwrﬁeéﬁ#mg PC% process, fipr examplzg _y _
Theomséithad mayemoraptisecisiiringithe teat 9BR BB SRATIHGRE af e G dye
Wac\./c%gtﬂ%[ﬂt,sﬁgi@geQﬁécﬁfonstimen‘i, and the Qs dys constituent is a fiuorescent nucleic

acid dve consiituent or a non-fluorescent nucleic acid dye constituent. The reporier

dye consiituent and the fiuorescent nucieic acid dye comstituent may or may not be the
same. The method may comprise performing a process using the test solution that
would be sufficient for amplification of the target nucleic acid should the sample
comprise the target nucleic acid. 'M&reiy by way of example, the process may be 2
PCR process, such as a real-time PCR process, for example, The method may
comprise illuminating the test solution with light at a wavelength sufficient for
absorption by the reporter dye constituent and determining fiuorescent emission o a
lack thereof.

[0019a}] Accordingly, in another aspect, there is provided a method of determining
nucleic acid formation of a iack thereof in a sample that may or may not comprise a

target nucleic acid, the method comprising:



absorption by the reporter dye constituent and determining fluorescent

emission or a lack thereof. 10019al Accordingly, in another aspect, there

is provided a method of determining nucleic acid formation of a lack

therenidn ssasnpischabmpysorg taysaupboamndrisE wTearget miricaiddye. the
ﬂuoresctgl% me teﬁ?%c‘f&’@fz{iﬁé% 8t8§%§%ﬂ%;a test solution compri_sing_the sample

and-aTluorescent nucleic acid dye, the fluorescent nucleic acid dye

having the_totmulaf 0 BRIDGE x-02 1 03 wherein BRIDGE is a

Substantigiy/afshatic Timkesr comprising from about 15 to about 150

non-hydrogeg\ atoms, inclusive, and wherein the linker comprises no more

‘than one positive charge; Q1 is a fluorescent nucleic acid dye constituent;

Q2 is a fluorédcent nucleic acid dye constituent; Q3 is a fluorescent

Qiglels BASte FODSHBERG ANLEMAER BACLORMARE BERAMELS 1o sbou:

different, wherein when Q1, Q2Z, and Q3 are each an asymmetric cyanine

dye reachyéfapenQiioge, BRreBdyedcoiistitietis hakthesumteiaefmore than

E A GH-01 HRE ~N\H_H M R1 X Re Re Formula Il wherein R1'

8? Iézrgéjrén%lljé %%I%é;alkyl or alkenyl having 1 carbon to 6 carbons, inclusive;

&1 hakoferresORIMBREGMNRIVERABWIBMINH(C=0)R13; NHS(=0)2R14;

GEQNHRIS: A, SUPSHuEn! assagiated.pith minor groove binding or

represents where BRIDGE attaches to the structure; when R1' of Formula

RetraghzessaciéasciieasfRDRISRIENR 22¢ R13, R14 and R1;, any

g%i,g%%%&bﬁ&agﬁ - RULRL2: B BLAMER Rnliopo0danioialleibn o

aving | tarbon to
asymmetric cyanine dve, each of the Oy, Qo and Q3 dye constituents has the structure of

Formuia II:

¥

QHS M Re
A B E =
/[%\&'\ >—{c=cyn~c=\_ N—R7

Ry’ X b
Rg' Rg

Formula I

wherein R, of Formula Il is H; alkyl or alkenyl having | carbon to ¢ carbons, inclusive; a
halegen; —ORg; —SRyg; —NR 1Ry —ON; =NH{C=0)R13; -NHS(=0}:Ry4; ~C(=0)NHR;3; a
substituent associated with minor groove binding; or represents where BRIDGE attaches to
the structure;

when R;’ of Formuia II comprises at least one of Rg, R, Ra1, Riz. Rz, Ryg and Rys, any said
“one of Re, Rig, Ry, Ris, Rus, Ryg and Rys, independently, 1s (i) H, (ii) alky! having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s), inciusive,
or (i) an arvt,

when R;’ of Formula II comprises Ry; and Ryo, Ri; and Rz may in combination form a 5- or
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero
atom seiected from N and O

X of Formula II is selected from O and §;

n of Formula IT 1s selected from G, 1, and 2;

Rs of Formuta II is (i) H; (ii) alkvl or alkeny! having | carbon to 10 carbons, inclusive,

wherein the alkyvl or alkenyl optionally comprises at least one hetero atom selected from N,

8a



12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2
nitrogen(s), inclusive, or (iii) an aryl; when R1' of Formula Il comprises Ri;
and R12, Rif and R12 may in combination form. a 5- or 6-membered,
saturated or unsaturated ring, which optionally comprises at least one

O, and Htéiid) atbaivgetedisl ﬂ@hﬂ@ndﬁ&eo{% riRashis éé‘iéhm#b@ﬁf@eép@r an
unsubstﬁrket@ L f%ﬂé? {k'%l%eé?ﬁt%%{{&{al% do r%ﬂ%ﬁ% f fﬂé@%aa@oﬁ@?{ﬂh&igsive,
alky Oc e

or akeny aving 1 carbon to aroons, Inciusive, wherein't
selectedafkymoX dlkenyl ptidmalyreoenontsostzreB B DN rstedeatorths slseteuse;

ot AL AT 0 M MO M N .

whereircdiepsissb o telBehgterptatonti(s sampuisize srs et tendraimiaas0 canchger atom
clected i) Tepresentsqvhere Haches Qg siuciure, Rt oh ForBR tng 1
S‘“lecwlgsflrﬁ%rf-[ ; (i?)i.a ?/Sl%vr%a%}r%g%@; h%%l%ga ﬁ%}}k%ln t%glo ca%sﬁ%cﬁs&%,%% He
to 3 hetwhesaim e intiybivr atkisnydptonally CorndriSesrdivargbasdrs lwastoRBIDGE
h;t (0] 6%;91 gelected from N, 0, and S; (iii) a substituted or an
attaches 10 the sgue . . . .
: unsubstituted aryl optionally comprising 1 to 3 hetero atom(s), inclusive,
Rg and SefeofeebfromuNI & amdiSyaicfvioepresests whemiBRIDGEattaohe dtofurther
.. the structyre; R8 and R8'.of Formula Il in.combination form a fuse e
substitafeg * ¢ Hn‘d‘?\f%i%hmrﬁ%lﬁlg% Bt S sy Sothar Ci-C2,
inclusivadspend el HynClkG 2¢ inbtubivecatkyl o£4 I@Rginclusive, alkoxy, CI-C2,
inclusive, alkylmercapto,.or.a halogen;.each of R16 and R : .
*each of oA ity RO R eie TR e 143 AR iaEipons: inlusiv,
whereitversioythetbkyllopticnatlyaies drpolatésoldn( 2 itragem{spor an aryi; or
R16 and R17 may.in compination form_ a 5- or 6-membered saturated ar , _.
R e KRR RGBT T s Gt i e o Agered rin,
whereiheliengnatopiseibgteshippized\bala D oonletre afoRl'sdkBtahitdRe, hnd O,

Formula |l represents wher IDGE attaches ucture; and ' of )
only el G oot T LA 1ot CTetom WIS th stuctar

and  wavelength sufficient. for absorption by the reporter dye constituent and
determining fluorescent emission or a lack thereof [0020] In the formulas
PFORAGEPEEBVEISER ANSE may have the formula set forth

illuminating the test solution with light at a2 wavelength sufficient for absorption by

the reporter dye constituent and determining fluorescent emission or a lack thereof.

F0024] In the formulas provided above, BRIDGE may have the formula set forth
directly below,

Ly [ACH) W[ AP(CHa e[ A°-(CHa) T A™(CHo)e= ol A (CH2):~Je

8b



directly below. ~,[Aim(CH2)a]a[A'-(GH2)a-]b{A3-(c~z2) |c[A4
(cx2)r1d[~5_(0H2)E ]Je 8b WO 2006/099605 PCT/1(S2006/0099]0
[A6-(CH2)r-]f[A-(CH2), jg[A$-(CH2)e-]h[A9-(CH2),-}rA1Q-L2 In this

WiRHalegsesich of L, and L2, independently, is a moiety compidifig2a%siptie o
bond; a polymethylene unit having 1 carbon to about 12 carbons,

inclusive; ghtieaglly, fm@@ﬁglggg@mﬁ@@(@gg%ggeged from N,

0 and S; or an aryl optionally’ comprising at least one hetero atom

selected from N, 0 and S; each of A', A2, A3, A, A5, A6, A', A3, A9, and ,
AT HHicHERIE 9 o3 acibto Ao ARG S G o R HABE S nete
a bradchediatkylhopkie nallyeomprisiagat leasbonk keterosatonnseigctgibnally
from N, 0.and. S; t least one saturated 5- or &- ed ri : .
o SRR T R e ot
caimOkiER{3I e8! ent hearantoiisdepehient).io safcSopea intdgehticin A
1 tﬂs?Q@,%% 9&8,@@!9@&/ 9;'@!‘1%&?;89&5@%% £ oflcRidaQidpiaBfh enhancing-group

independently, is zero or an integer from 1 to about 20, inclusive.
BRISERay e5miitdetrd ety ABEPBFRE HS 8T0 b RS0y, Shiected

asgam rbautgtosabgubd 0O ar ahodlkalkdnslusive abeitd2 taabationally
60, inclusive, or about 15 to about 40, inc usivg,

) erely by way of .
exSHBESBRIBGEXShSPEofifSe 8510 & Scﬁ%si%ﬁ:ré?geeﬁ,v m%ege@‘ oy ach of
way, 6f examplen BRIBGE maypbsdcaiy, sivitabte dinkerimelactien such asut 20,
any described herein, for example. In one example, BRIDGE has the

fo%‘ﬁ} NEAH9)x-C(=0)NH-(CH2)a [0-(CH2)p]e-[0-(CH2)ylc

N' {0 &) o BHR ) -ewh erdinaedch ixdépcaizatise ntheris @nimneger Sedeciet about
frogh | {0:Ady/OCSBR 530 BIARLSeIealgH raBde A0AM-Birogen atoms,

inclusive; each o , Indepe y,I1s 2 or 3; bis zero or an integer

fromich tes dywnt ROVINElissReerandE s 2bestok L [BURBfCoansEkifidng about o,
asspgiated withdhe abavessiasciibed methods-Ag asavpraidesmMerelRIDGE

by way of example, a dye of any of the structures provided directgl bglow
is praViERBPIECH @zneﬁmﬁma hjrge, merely by way of example. BRIDGE may be

any suitable linker molecule, such as any described herein, for example. In one

examplie, BRIDGE bas the formula:
«(CH2)-C(=O)NHACHz)o-[O~(CHa)plo- O-(CHa )y J-NH(O=C)-(CHa)s-

wherein each ¥, independently, is an integer selected from 1 to 11, inclusive; @ is an
integer selected from 2 to about 20, inclusive; each of § and v, independently, is 2 or

3: b is zero or an integer from 1 to about 20, inclusive; and ¢ is zero or 1.

[6021] Compositions associated with the ahove-described methods are also
provided. Merely by way of example, a dye of any of the structures provided directly

below 1s provided.

N{GHa). {HaClaN

), .
0 0

" |

N !N N/\/O\\/\N)\\/\/\VN*\
H ¢!

9 \/

M(CHa}, QR



00 ~tN N*YOU~Ni N\ H H N(CH,), (H2C),N 9 (CHale (Hec)2N CHHV
V N(cH3)x ~H,C),N 2T HO/\H NH2 NHz 2,T'"H C 1Y NH, NH, In the
dye structures above, W represents an anion, such as a iodide or a
chlorine anion, merely by way of example. [0021a] In another aspect,
there is provjded a composition having the formuI%:'mg BRIDGE Q2 Qlis a
fluorescentnucleic acid dye congtituent; Q2 is a fluofesgent nucleic acid
dye constitsent; and {QI and Q2 may be the same or different, wherein
BRIDGE Goqipfises-ahpt 846 abotteI50 non sn/atoms and no
more tha e positive charge, and wherein BRIDG :
-L)-[A'-(CH2)4*a[A2-(CB2)D-]b[A'-(CH2)y-]o[A4-(CHR)8-]a[A™-(CH2)r Je
[A6-(CH2);-]JA'-(CHZz)n ]>[A'-(CH2)e-]b[A9-(CHZz),-]i-A'-L2 wherein each of
Li and Lz, indepe tly, is (i) a moiety*€omprising a single bond; (ii) a
polymethytes @ni\ /Nving 1 carbon to about 12 carbons, inclusive, S
wherein thepelymetHyléng unit‘ﬁﬁiﬁﬁ%wgbfn\p?kééﬁa@é%m%@ég@
/

atom selected

' i
Nk, 2y :
- aNa
7 Wb
PN . S
; ]N* NH/\/\D/\“/O\/\D/\‘/\{_\:—;M‘/\N‘V\
2 i A |
R O L :
! . =
m b

[ Nz
NH, : -

In the dye structures above, ¥ represents an anion, such as a iodide or a chiorine

anion, merely by way of example.

[6021a] In another aspect, there is provided a composition ha*&ing the formula:

BRIDGE |

Q1

Qg

Q1 is 2 fluorescent nucleic acid dye constituent;

Q7 1s a fluorescent ﬁucleic acid dye constituent; and

Q1 and Qs m.ajf be the same or different, wherein

BRIDGE comprises about § to about 130 non-hydrogen atoms and no more than one
positive charge, and wherein BRIDGE has the formula:

-Li[A'{(CH2)o~ T A™(CH)pJol A™(CHa)y-Jo A™(CHa)s—Ta[A™(CH2)~e

[A™(CH);-J4A™~(CE)y-Jel A'-(CHaJe [ A'-(CH2)=}-A Lo

wherein each of L; and L, independently, is (i) a moiety comprising 2 single
bond; (ii} a polymethylene unit having 1 carbon to about 12 carbons, inclusive,
wherein the polymethyiene unit optionally comprises at least one hetero atom selected
from N, O and S; or (ili) an aryl optionally comprising at least one hetero atom
selected from N, O and S;

each of Al, AZ, AS, Aé, AS, Aé, AH’, Ag, Ag, and A , Independently, 1s a (1)
nucleic-acid-binding-enhancing-group (NABEG), (ii) a branched alky! optionally

16



from N, 0 and S; or (iii) an aryl optionally comprising at least one hereto

atom selected from N, 0 and S; each of Al, AA3, A4, As, A6, A', As, A9,

and ALO , independently, is a (i) nucleic-acid-binding-enhancing-group
(NABEG); (ii) a branched alkyl optionally 10 comprising at least one

hetero atom selected from N, 0 and S; or (iii) at least one saturated 5- or
6oaieprRaredriRgsapiionalycomprising @t lgast ane herpiosatomiselacied: one
from N, Qand S; eachofa, (3,v, S, a, ., I}, 0. and_ t, independently, is
8B Tt SrRERP I BBSULPH OISR RHIGarh b, BRE, ketero atom
f s@icBieargbknindepgndsntly, is zero or an integer from 1 to about 20,

inclusive; and further wherein i) when Q1 andlor Q2 is a phenanthridinium

dye, at 1833t ¥ & Ditakd-T2 & £ PherBirRiRis &y smavhghaeger from 1
Stpugibe Af Fria. [k#2N NH2 rl_R Formula | wherein R1 represents
where BRIDGE attaches to the structure; and W of Formula | is an anion;

or ii) whesceach, &f Q1iand, @2iisaad asyidupeidercyaninedys, dhentecer from 1 1o
asymmetric _cyanine dye has the structure of Formula Il: CH; HRe HH

X?%g Ul r’l@gﬁéﬁ?’Ri' R, Re Formula Il wherein R1' of Formula Il is H;

aliad Ardkcewiibizaving 1 carbon to 6 carbons, inclusive; a halogen; -OR9;

cubettu L SES o AR GRS Os i

Formula ]

wherein R, represents where BRIDGE attaches to the structﬁre;
and ¥ of Formula ] is an anion: or
ii) when each of Q; and Q is an asymmeiric cyanine dye, the asymmetric
cyanine dye has the siructure of Formula II; |

Chg ¥

H Re
&b
N !
s=(C=C)-C= N—Ry
Ry X -
g Rs

R

Formaula 11

wherein Ry’ of Formula II is F; alkyl or alkeny! having 1 carbon to 6 carbons, inclusive; a
halogen; —ORg; ~SRig -NR: 1Rz —CN; -NH(C=O)Ri3;, -NHS(=0}R4; -C(=0)NHR;s. a

substituent associated with minor groove binding; or represents where BRIDGE attaches to

the struchme;

when R;" of Formuia II comprises at least one of R, Ry, Ryi, Riz. Rz, Rig and Rys, any said

one of Rg, Rio. Ri1, Riz, Riz, Ris and Rys, independently, is (1) H, (ii) alkyl having | carbon 1o

12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s), inclusive,

or (iil) an aryl;
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the structure: when R1' of Formula Il comprises at least one of R9, Rio,
R11, R. R13, R14 and R1;, any said one of R9, Rlo, R11, R12, R13, R14
and R15, independently, is (i) H, (ii) alkyl having 1 carbon to 12 carbons,
inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s), _
inclusive, or (iii) an aryl; 10a when R1' of Formula Il comprises R11 and
when 1556 BERAIGREEMALIncombination (940 & £ty GBSAREIREn form & 5- or
: Satlirated o unsaturate ring, which optionally comprises at least one
6-membetedo satomesetectedaftoaiel] Bng. Ovichf Frotenally |Figsiesstad fremh onanptero
Atom sglét réOfo'r:nol(imalffc? Jis selected from 0, 1, and-2 R6 of Formula Il is (i) H;
(ls al yﬁror allcenyl' having 1 carbon to 10 carbons, inclusive, wherein the
X of Fatkylloilalkeriybeptiomaly endnrises at least one hetero atom selected
from N, 0, and S; (iii) a halogen; (iv) -OR16;(v) -SR16; (vi) -NR16R17;
n of Fogwiyla Bubselented SioanCuhsiiSstituted and, wherein the aryl optionally
Re of EQRRESEE L @%eﬁf%ﬁg@”&sm%'ﬁsﬁ’ﬁﬂm%ehe%@gﬁ% N QRS iRiusive,
(\%%%epresents where BRIDGE attaches to the structure; R7 of Formula I
whereiistliy rlkgl) calijkorvarRengna v pagarearsch tertoossrbday memsigiscted from N,
0, andw@egﬁw 5“&?45&59@%@@&@&@9na@kcqusmmwgm 2IRASHORE or an

hetefo atom selected from N 0, and S; (iri) & substituted or an _ _
unsubstingebstitlterhargito gy aatly COIPRHENEOTIGSSShetEre eives plire(asiveciusive,
seiecief ABHAE EOMRNS 0o AN B Ol haERIBSRURIBIGIERIINCE AaEhendo

the structure; Rs and Rs' of Formula Il in combination form a fused .
R7 of Beomiddclling (WhieHmaaline mrﬁéﬁnghﬁgﬁmeap@ébqnﬁﬁ?e@é?),qm@mv@}clusm
whereill! Q%ﬁﬂgnﬁy’aw&%'%&igﬁ%ﬁl@%@n@@@s Gl Gl IRRUSIV Gl KOXY Helebe? aiom
Inclusive; alkylmercapto, or a Halogen; each of R16 and R17

selectethropehd éhtipds S (Aikyl vavirgted warbsRISPITERHBNS opiednsise comprising 1
3 he%l%g igidhe alkyl optionally incpsporates Lig 2.Nredenist QLAY FrOBRIDGE

and R17 may in’combination form a 5- or 6-membered saturated or
attachagrisdbgreiradtviey, wherein the ring optionally comprises at least one

v s FTE SRR g ate BN Ty e o
substitigean Ariior, time(s), inclusive, independently, by CI-C2, inciusive, alkyl, C1-CZ,
inclusive, alkoxy, C1-C2, inclusive, alkylmetrcapto, or a halogen; '
each of Ry and Ry; independently is H; alkyl having 1 carbon to 12 carbons, inclusive,
wherein the alkyl optionally incorporates 1 to 2 nitrogen(s) or an aryl; or
Ri¢ and Ri; may in combination form & 3- or 6-membered saturated or unsaturated ring,
wherein the ring optionally corprises at least one hetero atom selected from N and O;
only one of Ry', Rg, Ry and Ry represents where BRIDGE attaches to the structure; and W of
Formutla II 1s an anion, or _

(iii) when either Q; or Q is an acridine dye, at least one dye constituent of the

(1 and Q; dye constituents has the structure of Formula 1L

Ra

RrReN” T NRGR,
Ry Y
Formula T
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(iif) when either Q1 or Q2 is an acridine dye, at least one dye constituent

of the Q1 and Q2 dye constituents has the structure of Formula lll: Rz RI

R, R7R6N N'NR5R7 R3'lj Formula Ill 10b wherein each R, of Formula

WiisrinrlepenBenfl oistrilolh ic mEpemiandids Alg12 bhdor Ry Rab

Formula, Il represenis whefe BRIDGE aiarbemio e sipeiies ko e
ormula

presents where BRIDGE attaches to the structure, R3 is H
ovheCRBpfifrem®3 BT Fapmenatas whepr BRHRCRHERCER IO BE Biisties B 18 H o
the structure, R2 is selected from H, -CH3, -NH2, -NHCHS3, -CN, and
‘C(EO)NH2; each R6 of Formula Il independently, is H or a CI-C2, ,
inthusiBe, dlfdrmens LR 7eptaseni UtaRId o PeRde AtigchesH o iy Sregure, R; is
inclusive, alkyl: for.eachpair ¢ acent-R6 -independently,
ﬁéegiﬁg%g%ﬁﬁfn%i/ in c%imql\i{i%gjt%ﬁ fgr%i %ﬂg?g@ﬁzbered, saturated
%éélﬂa@w%flﬂﬁgg{%még@@fdi&@rm%ﬁlIbisimlam‘r:ol.inc{@@%;] Akyl; e
composition having the formyla set fo ir elow is als ovided.
RBRDE E@%?ﬁﬂé&?ﬁ?ﬁ}é‘éﬂgﬁlﬁ 0Fs$s£i§§tﬁ%€%‘f§"§ﬁ§%‘§%t linker
GeMpisinG i o ahaunl R 10:0RouNSR nandeydrdgemyaRims ddand R may in
one positive charge; Q, is a fluorescent nucleic acid dye constf‘.guent_; %& W of
i§%1tgﬁiﬂ%@%efﬁ¥%éie?c REid IS RUSTTARE RT LSRR FPoupor T ©
EfRcHoralgreupy: dhe reactive group or functional group may be any of
suitable such groups, such as those described herein, for example. The
CROTRSItion nasyhesiainy Suitatiletbenfoositionssudtrés dnycdy thekey s aiso
descriped herein, for example. A method of using the composition, or
difgf’%%%' comprise conjugating the composition to a substrate molecule,

such as a substrate molecule selected from a nucleotide, an
oiigonucleotide, a peftide; = pFSt&ifEa frapte®:a drug, a microparticle, a
|

%
R .

In this formula, BRIDGE is a substantially aliphatic iinker comprising from about 15
to about 150 nop-hydrogen atoms and up to one positive charge; Q: is a fluorescent
nucleic acid dye constitusnt; (18 a ﬂuorescsn’t.nucleic acid dye constituent; and R, 1s
& reactive group or 2 functional group. The reactive group or functional group may be
any of suitable such groups, such as those described nersin, for exzample. The
composition may be any suitable composition, such as any of those described herein,
for example. A method of using the compasition, or dye, may comprise conjngating
the composition to a substraie molecuie, such as a substrate molecule selected from a
mucieotide, an oligonucieotide, 2 peptide, 2 protein, & napten, 2 drug, & microparticle,
synthetic polymer, a natural polymer, a biological cell, a virus, and a moiecule of a

solid surface.
[0022a] In still another aspect, there is provided a composition having the formula:

l ~~ H
BRIDGE Qs

Q1

Qs
wherein BRIDGE is a substantially aliphatic linker comprising from about 15 to about

150 non-hydrogen atoms,
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synthetic polymer, a natural polymer, a biological cell, a virus, and a
molecule of a solid surface. [0022a] In still another aspect, there is
provided a composition having the formula: Q GRID E Qp 1 03 wherein
BRIDGE is a substantially aliphatic linker comprising from about 15 to

about 150 no oms 10c inclusive, h Y
InCmspiGsERE Eﬁ{g %ﬁg%%rgﬁ}écﬁggg fve* harge: ‘g. |so\§“ﬂ (t))%r%s‘t?gr%lt%gclelc
@Gid.dyarRpsituaniziQads afiuaresitenttnucleic acid dye constituent; Q3

Is a fluorescent nucleic ac e con |tuent and Qi, Q2, and-Q3 may be
Qnis §§H@W%M?1Wé‘f§}% VRt 1%? 02, and Q3 are each an

@SYPMeiFs Ry ecidabh ebﬁt;tm amd Q3 dye constituents has the

structure of Formula li: CHM 17 R7 g ach an
Qi Qa. pptrbiRAsPRiSh BPYOE ?II%% iS of a bn@lz’havmg 1 carb
asymmet EcGaEBRNS,dNEhIVE R, l@almé@;ﬂ)ﬂ@pﬁﬁﬂa}tsmmmmmofFormula
NH(C=0)R13; NHS(=0)2R14;-C(=O)NHR1s; a substituent associated
IL with minor groove binding; or represents where BRIDGE attaches to the
structure; when R1' of Formula Il comprises at least one of R9, R10, R11,
R12, Ri3, R14 and R15, any saidyone of R9, Rio, R11, R12, R13, R14
and R15, independently, i ;Q/ET (i ) Ikyl avihg | carbon to 12 carbons,
inclusive, wherein the al/klrggtlbﬁahw rporates | to 2 nitrogen(s),
inclusive, or (iii) an aryli w fer"R1’ of Fogmulg Il comprises Rii and Rig,
R11 and R12 may in combination form_a 5- or 6- membered, saturated or
unsaturated ring, which optlonngF’%‘b‘ﬁ]Hnses at least one hetero

wherein Ry’ of Formula II is H; alkyl or alkenyl héving 1 carbon to 6 carbons, mnclusive; a
halogen; —ORg; —SRye; —NRiyjRi; —CN; ~NH(C=0)R3; ~NHS(=0)R 4 —C(=ONHR5; 2

substituent associated with minor groove binding; or represents where BRIDGE attaches 1o

the structure;

when R, of Formula II comprises at least one of Re, Rig, Ry, Rin, Ris, Ryg and Rys, any said
one of Rg, Rue. Rut Riz, Rys, Rya and Rys, independently, is (i} H, (ii) alkyl having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen{(s), inclusive,
or {iii) an aryl;

when Ry’ of Formula II comprises Ry; and Ry, R and Rz may in combination form a 5- or
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero
atom selecied from N and C;

¥ of Formula II is selected from O and 5:

1 of Formula II is selected from €, 1, and 2;

Re of Fo@ﬂa I is (1) H; (ii) alky! or alkenyl having 1 carbon to 10 carbons, inclusive,
wherein the alkyl or alkenyl optionally comprises at least one hetero atom selected from N,
O, and S; (ii) & halogen; (iv) —ORus(v) —SRie {(vi) NRsR;5; (vil) a substituted or an
unsubstituted aryl, wherein the aryl optionally comprises 1 to 3 hetero atom(s), inclusive,
selected from N, O, and S; or (viii) represents where BRIDGE attaches to the structure:

R~ of Formula II is (i) H; (i) alkyl or alkenyl having 1 carbon to 10 carbons, inciusive,
whersin the alkyl or alkenvl optionally comprises an aryl and at least one hetero atom

selected from N, O, and S; (iii) a substitated or an unsubstituted aryl optionally comprising 1
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atom selected from' N and O; X of Formula Il is selected from 0 and S; n
of Formula Il is selected from 0, 1, and 2; R6 of Formula Il is (i) H; (ii) alkyl
or alkenyl having 1 carbon to 10 carbons, inclusive, wherein the alkyl or
alkenyl optionally comprises at least one hetero atom selected from N, 0
o 3 hereRk () AdalpaenElbg ORI (Y SRS MipNADGRIESYH) Hhere BRIDGE
substituted or an unsubstituted aryl, wherein the aryl optionally comprises
attaches ¥ {§SSHBEEFatom(s), inclusive, selected from N, 0, and S; or (viii) ‘
R, and REREISRSErS BRIDGE atiarhes  ditkel sirustaie; RE,of HohmAs Rager
; (i) alkyl or alkenyl having | carb%iréto 110 %qrbé)ﬂgqmcl% lve,, wherein~,_c»
substitutede lalky|‘ortamesy BEHHEI RORPRSEY An Bty and 4t least one hetero ’
1nc1usiv£§ﬁ§b>c§€'é"?@;fiﬁé‘ih%iv@; ArdHeliitha stbstialtedor an unsubstituted aryl

optionally comprising | 10d tg 3 hetero atom(s), inclusive ,se fran eive.
each of ¥, 28RS, @Fdﬁpﬁgﬁ?@é’efﬁ%ﬁﬁ% gﬁ% gﬁraggﬁlegotgih(leggtgt?géiure;uswe’
wherein 38 aNdREERMaHoReoMbiptinr ferms pdtisersiomatic ring, which

may bé fu‘rther_shbstjtuted 1 to 4 time(s), in Ilgsive independentl ied o
Rig and(ﬁ%ﬁg}ﬂﬁcl@é?@é%ﬂ?ﬁ?@f‘?@,aiﬁélﬁéi\%, Tkt x"y‘?dci%%’f;"??ﬁc?dsﬁlﬁé%ﬁ% e

Whereinq*te\/gﬁg r&&%ﬂaﬁﬂ” Wéﬂﬁﬁ@@ﬁ @ﬁRﬁﬁﬁn dm?smﬁdmm@;

alkyl having | carbon to 12 carbons, |nclu5|¥le,ngﬁﬁ%ﬁ%@ggﬁgg@xﬁm,
only onénuORpomitesnt B 20oh fiogaits SFRERSERT BPR1 may in ’
combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one hetero atom selected
frorf Mamel0] lomgnomecst Ri', R6, and R7 of Formula Il represents where
BRIDGE attaches to the structure; and W of Formula Il is an iofn. ,
[OQA2Rpd wmﬁmmpa@pé@t;etiﬁez?é)r@%@i&éapéz%wd}?éﬁ‘ﬁéﬁ%a%%“%ﬁe
formula: Q, BRIDG QZ R. wherein BRIDGE is a substantially aliphatic
linker comprising fromqabett-15tp about 150 non-hydrogen atoms and up
to one positivélcﬁ"é"r"(j'é @WQ%EH | rescc—:-cﬁt nucleic acid dye constituent;

Q2 is a fluorescent nucleic ﬁicid dye constituent; and R, is a reactive
group or a functional group

and

R

b1

wherein BRIDGE is a substantially aliphatic linker comprising from about 15 to about
150 non-hydrogen atoms and up 10 one positive charge; Qi 15 & finorescent
nucleic acid dye constituent; Q is a finorescent nucleic acid dye constituent; and R, is a

reactive group or a functional group.
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IOe [0023] A method of preparing a sample that may or may not comprise
nucleic acid is also provided. The method may comprise providing a
combination of the sample and a composition, or dye, such as those
described herein, wherein if nucleic acid is present in the sample, a

nucleic acid-dye complex is formed. The method may further comprise
ingagaaling themeintinstionpAinget et dozé mrainioy pryseyiceomprise nucleic
absence QlnUCIClc acidn 8 SAMRIGS AR YIARAEDG BENAGMAY of the
comprise prgvuylng a combination of the samplé and a composition, or

dyseyrgic hnds: throsposdidsiribely hevsin 2ovheseiReRCHBefeRs it TS pREBEhTRFLCIC
th%&gg‘ lgseﬁt?tjﬁ eicAGic dyg, empiax s emetiluminating Hagnethod may

com lon with light at a wavelength sufficient such that if a nucleic
achertsehtorantiss fiPRBer ety RORPERSOTbe  REFRRSy Ca ol aBtBHS BTy e o
flugreseent-emission g anlackaibsreat AckittheriRtermining ddleirvaisnprise

formation or a lack thereof in a sam}gle iS alsongovid,ed. The kit MAY o those
cOPPRSR &I CARP BRI TSI BT fidte At TOPBRIIEation 6 (Re tafgel >
nugleisiinciGdrthesanplds ahcuid ihie sapngieccamtprisentini targetinigcieid-dye
acid, and a compaosition,, or dye, such.as_those desgcri 0 -
B e SR RN R SRl
sasnpietthatimaysisitaycibtonpiprise foledc Beid zbbiprsipRe:previtivg and
a combination. of the sample and thecompRSItion 88 Hetivrdahaenucieic acid
wherein it nUCfelc acid is present in the sample, a nucleic acid-dye

cofphatits dorriicl HIETRER] irFanmDieitr ae pEEtidefe rblfs i gtd qraprise at least
meshod ol Aeiesmining;the presaprsanoahseneantausleisiaaiddimthe sample

sample, comprising: providing a combination, fthg sample and the

cofpBi b aBRle ABEABOVE hPaiiclF AGlele G i RERRENRM Th e Suc" o

sample.aspueigigeasig-dye complex is formed; and illuminating the
combination with light, and detecting optical signals from said

| CO%‘@E@%‘?%J&%@?}J nYehAnemeraspartethers dsimsevidediRdditdPhreparing a
determining nucleic acid formation or a lack thereof in a sample that may
or AIEIP ISChEOTIYINS ST X AIYStRISTCV ALY BEUGOENTIpRSIng:

providing a combination of the sample and the composition as defined above,
wherein if nucleic acid is present in the sample, a nucleic acid-dye complex is

formed,

[0023b] In a further aspect, there is provided a method of determining the presence or
absence of nucleic acid in a sample, comprising:

providing & combination of the sample and the composition as defined above,
wherein if nucleic acid is present in the sample, a nucleic acid-dye complex Is
formed; and

illuminating the combinaﬁon with fight, and

detecting optical signals from said combination.

[0023¢] In yet another aspect, there is provided a kit for determining nucleic acid
formation or a lack thereof in a sample that may or may not comprise a target nucleic
acid, the kit comprising: _ S |

reagents necessary for amplifying the target nucleic acid in the sample; and a

composition as defined above .
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reagents necessary for amplifying the target nucleic acid in the sample;
and a composition as defined above, [0023d] In still another aspect, there
is provided a composition having the formula: Q BRIDGE -Q2 wherein
BRIDGE is a substantially aliphatic linker comprising from about 8 to
about 150 non-hydrogen atoms, inclusive, and wherein the linker
[e6EAgTibestilenatire timActo RIS ISR AR ESTERNIS ORI sraRs 8 Torni
acid dye constituent; Q2 is a fluorescent nucleic acid dye constituent; and
Q 1 and Q2 may be the same or different, wherein (1) when Q1 and/or Q2
is a phenanthridinium dyeg t erepefQland-Q2 is a
phenanthridinium dye having the structure of Formula 1: H2h NH2 N R1
Formula | R1 represents where BRIDGE attaches to the structure; and 'Y

is an anion; or_(ii) when each gf Qj.and. Q2 is an asymmetric cyanine dye
SR BTG s U LR RHHES B CTERTG P TR 2oout
CHRTH-Rardbeh Aok RichlskvR inReNBesfrotmulaktmbeneits®R Inofnore than
Formula Il is H; alkyl or alkenyl having | carbon to 6 carbons, inclusive; a'
REfBRIYOREEER 1a; -NR11R12; -CN; -NH(C=O)Ris; -NHS(=0)2R14;
G(EQNHRLE: A reebstituant@ssacisiacmith minor groove binding; or
represents where BRIDGE . attaches to. the strycture; lla when R1' of

Esrin AR ESHPHRES AL RS BRE P RE R K11, R12, R13, R14 and
RIL 208y, S48 1RN005RD; fRigifRidRARsRE3, R14 and R15,

Indepergge‘?%lg:/ﬁ 8 ! (inalfo(rl I-E}?lj!(syé gﬁgﬁggtiﬂcfﬁ%ﬂ J([:g/e: at least one of Qr and (risa

phenanthridinium dye having the structure of Formula I:

Formula 1

R, represents where BRIDGE attaches to the structure; and ¥ 1s an anion; or

(it) when each of Q; and Qg is an asymmetric cyanine dye, each of the Q, and (b dye

constituents has the structure of Formuta II:

Cry b H o Re
N HOHEOH

_ e
i B\_( l ="\3}H«C”” N“RT
R1'/|\\%X, S

Re'  Rs

Formula Il
wherein Ry’ of Formula I is H; alkyl or alkenyl having 1 carbon to 6 carbons, inclusive; a
halogen; ~ORg; —SRig; —NR1iRi; —CN; “NH(C=O)R3; ~NHS(=0)pR1s; —C(=O)NHR:s; 2
substituent associated with minor groove binding; or represents where BRIDGE attaches to

the structume;

ila



12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2
nitrogen(s), inclusive, or (iii) an aryl; when R1' of Formula Il comprises
R11 and R12, R11 and R12 may in combination form a 5- or
6-membered, saturated or unsaturated ring, which optionally comprises at
least one hetero atom selected from N and 0; X of Formula Il is selected
when Hroof Banohis [ ohBusmudaliis seteei.fom B; 1 Fandia:.R8 ofFoRmupdy said
is.(i) H, (i).alkyl or.alkenykhaving 1 carban 0Ga I i _
one of bt o S BTG i es 2 ey i Aot ] cerbon
12 carselecied fsom WheeiarteSiii) ephatedennioORis; fvice SRaBege)s), inclusive,
....-NR16R,7; (vii) a substituted or an unsubstituted aryl, wherein the aryl
or (i) @BHally comprises 1 to 3 hetero atom(s), inclusive, selected from N, 0,
when FangrSoenviillreptgseatsRyheié BRIBG BmttAchesyothesibuwttie; RiEros 3- or

Formula Il is (i) H; (ii) alkyl or alkenyl having.1 carbon to 10 carbons, .
6-mem}?%ﬁ§5i%}lr%ﬁ%r%rm;ﬂ%t%%ﬁdopxéﬁ< e"% cgp? %1 AP O Prises aaqe S oge thete 0

0 1‘i%fl“ly comprises an aryl'and a
atom sd@stORerhelerri @om selected from N, O, and S. (iii) a substituted or an

unsubstituted ary| optionally. comprising 1 to 3 hetero atom(s), inclusive,
X of F%@?@&é@ﬁ%‘?ﬁ%‘?%&ﬁﬁﬂ@?%% iv) represents where BRIDGE attaches to

1 of FoiRuSINIGEUEe: R andRB 1QkRoanula |1 in combination form a fused
e o S/ AR b e S L TS e
whereilN@hdsiNg; dkyhnercapitoed s halegerseackol RIS metRadm selected from N,
0. ol Ty L il g L b0 12 G s o
unsubsBABeans R I pRiminicombinasipniisntansprives-menibéme saunated orciusive,
slectORoRS St SEIScAoH TNV AT O N A Ok A Ao o EEpiia

R of HéRRERSENtS \Thete BRUIGE attakbes! thahimstiuctuven and (Poaffemsnuiglusive,
where By oS TG Y and B ES SO dRuaie Aad e SPtQLig. o
selecte@l fFQEMNI@ [ hind S; (ii3) a substituted or an unsubstituted ary! optionally comprising 1
t0 3 hetero atom(s), inclusive, selected from N, O, and §; or (iv) represents where BRIDGE
attaches to the structure,; |

Rg and Rg' of Formula IT in combination form a fused aromatic ting, which may be further
substituted 1 to 4 time(s), inclusive, independently, by C1-C2, inclusive, alkyl, C1-C2,
inclusive, atkoxy, C1-C2, inclusive, alkyimercapto, or 2 halogen;

each of Ry and Ry; independently is H: alkyl having 1 carbon to 12 carbons, inclusive,
wherein the alkyl optionally incorporates 1 to 2 nitrogen(s) or an aryl; or

Ry and R;y may in combination form a 5- or 6-membered saturated or unsaturated ming.
wherein the ring optionally comprises at least one hetero atom selected from N and O;

only one of R;", Rg, and Ry of Formula II represents where BRIDGE attaches to the structure,
and

¥ of Formula Il is an anion;

or



R2 R1\\\RI R7R6N N* NRCR7 F3 T Formula Ill wherein each RI of

Formula Il is independently, is H or a CI-C2, inclusive, alkyl; one of R,

and R3 of Formula Ill represents where BRIDGE attaches to the structure;

when R2 of Formula lll represents where BRIDGE ; é%c £ ;
SHiFS TR O 67 G ATEIRA o DRI & pébg‘gﬁ?é‘gfv‘?gﬁe @ Quand

Q» dye BiARGEMNteches toribestufdiorenR2lis: selected from H. -CH3, NH2,

NHCHS, -CN, and -C(=0)NHZ2; eaclkR6 of Formula Il independently, is H

or a C1-C2, inclusive, alkﬁ\q; each of Formyla Il independently, is H or

a CI-C2, inclusive, alkyl; for & ' djacent R6 or R7 and R,

independently, R6 or 3 shination form a 5- or

6-membered, saturate%%%!unsatur ; an P of Formula Ill is an

ifGe
afed riag
anion. [0024] These and various othér aspects, features, and
embodiments are further deschibeditierdin. BRIEF DESCRIPTION OF

THE DRAWINGS-[0025 etail jptio IPYSBSRECISve. alicyt:
fRRETRR %%{\fg‘ %hsfo%irﬁ%&n élﬁs lgp}%‘%\%gdg%%%%% fn&w%li{r%{%f@é?encéqg) the. 2
ageonFanyio & drdmingssfick s driefihede SAHBEdEhEIBMNCT e tHeaigere
are illustrative an not necessari Thedawings . 4
|W§§?Pauj§é \%ﬁgﬁrsng%%&e%te or %gstanéé%r%ﬁn‘gﬁ%%%%g tc?% ormore = se
ergbadiment(s) or example(s) in whole or in part. A reference numeral,

oler; andjor sl hal[sUSaiI0 o0 SRMNHAUEIGLIA A BB EHIRE R, is
elemientor feature may be used in another drawing to refer to a like

eleimend drofediurd TR0Z26HEigFE AHEISCN) fna -<cfemifitillustration of

DNA hjnding via a release-0 A ngsm; ich e
s o e St B2,

Figeir&? (FRou2)lisIH grapiiodéngipres Eheatidn lof Aomalitred allssbrbance

) fg%acwﬁe@pa ) RY B0 ARG RAPHUBIAMARRCYE, 6f ), AHME ihay in

combination form & 5- or 6-membered, saturated or unsaturated ring; and

¥ of Formula IIf is an anion.

[0024] These and various other aspects, featares, and embodiments are further

described herein.

_ BRIEF DESCRIPTION OF THE DRAWINGS
[0025] A detailed description of various aspects, features and embodiments is
provided herein with reference to the accompanying drawings, which are Driefly
| described below. The drawings are illustrative and are not necessarily drawn to scale.
The drawings illusirate various aspects or features and may illustrate one or mare
embodiment(s) or example(s) in whole or in part. A reference nemeral, letter, and/or
symbol that is used in one drawing to refer to a particular element or feature may be

vsed in another drawing to refer to a like element or feature.

[0026] Figure 1 (FIG. 1) is a schematic illustration of DNA binding viz a relaase~on-
demand mechanism, in which three conformation states of the dye are in substantial

equilibrinm.

[0027] Figure' 2 (FIG. 2) is a graphical representation of normaiized absorbance
versus wavelength (nmm), or normalized absorption spectra, of a) a dimeric dye,
AQAQ-7 (0), and b) 2 monomeric AQ dye, DMAO (A}, in PBS buffer.

llc



AOAO-7 (0), and b) a monomeric AO dye, DNLAO (A), in PBS buffer. 1ic

WO 2006/099605 PCT/US2006/009910 [0028] Figure 3 (FIG. 3) is a
raphical representation of normalized absorbance versus wavelength

W%]ﬁ%’?’(%) fGrmalized absorption spectra, of a) a dimeric dye?%&i&@f’%ﬂ(%f‘m

and b) a monomeric AO dye, DMAO (A), in a buffer and in the presence

of IGR] [Ooze] Fitife SIFrG: ArivkigtapniesrrEiusShtanoRbEre| Apsarbance

flugrescensg ek nﬁﬁg,v%leﬁgfﬁu(ﬂﬂ@)} Qb JHIBHRECERRE-EMISSION SRARR dye,

of DMAO (A) and AOAO-7 (o) in PBS buffer hefore DNA addition, a) and

0) AYedpeci(Rly 2Bhd DMBREPLRFHR A KD-PYE Nt Pl Buffet HerB e

adsitiencdaramet al), respectively. [0030] Figure 5 (FIG. 5) is a graphical

representation of normalized absorbance versus wavelength (nm), or

n | rpti tr T z I .

P B L R S o B R R

buffersloas [ERjurs BYFERseBFICRIgFphBartdpride MrorRdrHafred (<)

abgotaNEe VL IRYS W RNEIeRAIHAM)) A aizRdiRREO IO MSPECaLOfand
a) T OTO-1 according tg U.S. Patent No, 5,5 2,9%5& darker line), and b)

TS lightd? i) Mt BTifeh At S o 8Y BRI 15032]

Figure 7 (FIG. 7) includes a graphical representation of relative
flufieafichigersyersEEDNA Boncanapibtion ighsicntaticn tikatiomgized absorbance
single-str : - )N ol Ta V.
e o0 AORD L3 OB FIATe T o ncisesantion
grageedingsgroserRas e e iR/ i) tlekse sgvard (i TONR-3 (lighter line), in
copggpitation that shows a substantially linear relationship between the

two. [0033] Figure 8 (FIG. 8) is a graphical representation of relative

flu ce ve ycle number (Ct), or PCR lificati ' . |
o G e L B 0 SO o B sosrbanc
CoNcEut e Y hdnd A O ALz & dbswarttyesneshecritration (@) laatgding to

highey gyg gagcenyation; k). wher Gt generallyreierg Lo theiLYGe » buffer and

[
number at which the filuorescence signal reaches an arbitrary threshold
anéd erPeRGhPifiéation plot, generally corresponds to where the
fluorescence signal just begins to rise from the baseline. For each dye,
relg8EztyereanteRi@mtioninedsies a graphical representation of relative fluorescence

versus DNA concentration (pg/ml), or e titration, of single-stranded DNA (0), and
double-stranded DNA. (), in solution and in the presence of AOAG-12 (at 0.2 pM).
Figure 7 also includes an inset graphical representation of relative flucrescence versus

DNA concentration that shows a substantially linear relationship between the two.

[0633] Figure 8 (FIG. 8) is a graphical representation of relative fluorescence versus
cycle number (CY), or PCR amplification, using SYBR Green I at a lower dye
- concentration (A) and & higher dye concentration {4 ), and AOAQC-12 at 2 lower dye
conceniration {m) and a higher dye concentration (®), where Ct generally refers to the
cycle number at which the fluorescence signal reaches an arbitrary threshold and, in a
PCR amplification piot, generally corresponds to where the fluorescence signal just
begins to rise from the baseline. For each dye, relafive dye concentration was
measured in optical demsity (OD) at the absorption maximum of the dye in PBS
buffer, with the dye concentration of 1X and 23 AOAC-12 at 471nm corresponding

to an OD of 0.1 and 0.2, respectively, and the dye concentration of 0.5X and 1X
12



measured in optical density (OD) at the absorption maximum of the dye in
PBS buffer, with the dye concentration of IX and 2X AOAO-12 at 471nm
corresponding to an OD of 0.1 and 0.2, respectively, and the dye
WeghiteEitetfon of 0.5X and 1X 12 WO 2006/099605 PCT/UBZBEEYG60Y P!
SYBR Green | at 495 nm corresponding to an OD of 0.025 and 0.05,
respexivebsr [0034F higuterS:(bHaindiinalutiBsa@oaphichh (e e serkation
of relative fluorescence versus cycle number (Ct), or PCR amplification,

gmﬁ%&?%ﬁ @}Ga@? RABRs g’%ggﬁlc{ﬁ‘)rc%%g@ﬁtgm%(i@ﬁtki%%rescence

I
mal concentrations. For each dye, relative dye concentration

WASTRIE aigte drimbpitialld 6n STyR GDpLH eAdcah 361 HO ffd i (R omthe YBR
dye:i,P B Pulfan.witlyihe sy g.e8acentralion,akACARE Alody MNeach dye,

corresponding to an OD of 0.4 and the dye concentration of SYBR Green |

at"AY5 A EFRISHRIFIIAG TS PO BI0:0 25 er) LR 3140 IckS 8% Apsorption
inseigraphieal txepresentBeNalie: ersuslognf BiNéesasipte @OPYAO-12 at

number, using AOAO-12 and SYBR.Green | (A), respectiv, hat in .
each CasE” #8\%% %‘%B%%’i‘% aﬂ%%iﬁgg%a 1ons &l%g%e %gene% tﬁ({a}%v%oér%n Lat
[0835nRigumecifoiiGe L0yisEDschemziicistrationcoplssibla. inset graphical
COHg@rJI& 008 0 Br: GeRud e $9000, él%éigﬁu&ams% RAAN B (x)

dimeric dye. Combination A comprises two identical reporter fluorescent

NURIGIS BER Syeendrthyd repsrdYeHudhasie Arriueiste I U Syhstasimaliy fincar

SpREfRmGAMRIRALaNE gamprises one reporter fluorescent nucleic acid
dye and one non-reporter DNA-binding molecule. Combination C

comprises.one = rter DNA-binding. molecule and one reparier..

o R ARl dD s Qb S B SO B ReRetEPESOR CERiRlons . 2.
nuClei, @i Edye mpborendresefored ﬁhniﬂd@m*s@eh@ndﬁ%l@mﬁon A
0 ot HDRNRNO fon SOIT RUSRS:PEIRBOMEY IUAIAECENL HAEI QAT M Enorter
and one reporter fluorescent non- nucleic acid dye. [0036] Figure 11 (FIG.
115ewsgeaptieakiepesehiation GRRlioeheaHte iMERBIRFIGE&CopEr@ses one
NURBRGHLCth RERGR R BHHiGHOMUSHATIES KBRROFBREIC O, (B dhe Tdtdcule.
monomeric dye (A), and TOTO-12 dimeric d eé%)l?((:ompound No, 24,
TabRIBIREHO57T ERERRESED f(&q@fniéﬁaefaﬂrg%%ﬁ" s QAR b one reporter

abgerbRNeebiass dye. Combination D comprises one reporter fluorescent nucleic

acid dye and one non-reporter non-fluorescent non-nuclsic acid dye. Combination E
comprises one reporter fluorescent nucleic acid dye and one reporter fluorescent non-

nucleic acid dye.

[0036] Figure 11 (FIG. 11) is a graphical representation of fluorescence intensity
versus cvcle mumber (Ct), or PCR amplification, using TO monomeric dye (©),
TOTO-1 monomeric dye (A), and TOTO-12 dimeric dye () (Compound No. 24,
Table 2.

[0037] Figure 12 (FIG. 12) is a graphical representation of absorbance versus
wavelength (nm), or absorption spectra, of heterodimeric dye AORO-7 in PBS buffer
(o), and of heterodimeric dyve AORO-7 in PBS buffer and in the presence of DNA

(+)-

f0038] Figure 13 (FIG. 13) is a graphical representation of arbifrary fluorescence

intemsity versus wavelength (nm), or emission specira, of the heterodimeric dye
13



wavelength (nm), or absorption spectra, of heterodimeric dye AORO-7 in
PBS buffer (o), and of heterodimeric dye AORO-7 in PBS buffer and in
the presence of DNA (+) [0035] Figure 13 (FIG. 13) is a graphical
WeelIRsPfttion of arbitrary fluorescence intensity versus wayEERGHH/ A4
or emission spectra, of the heterodimeric dye 13 WO 2006/099605 PC
/MQWO%&Y&@Q@B@E]MM Ex0itatio (sl edak &0 of solighcark@l nm
560 nm roken hter line), recorded separately. [0039]
eﬂl kg'l ﬂf))Iﬁ% af %rap%?cal representation of relative
quorescence versus cycle number (Ct), or PCR amplification, using the

hedeRSiFEHe dye AOROTH Figaelas, alsE Rtk BATHIENEEPRpiCafetatlve

fe@&@&%@éﬁ@«%&ﬁmﬂw Quﬁx%é\{?@mb:@f@@%&h\{ﬁiﬁﬁ@@ﬁwﬁﬁg ﬁi@ﬁaierodmlenc
versus temperature (C), [0040] F| ure 15 (FIG. 3?[%% graéj
repre<ariition %g‘?FFeljc‘hélé%R}@l 8? Bt PSRRI ET IEEREE

Vesiss emperaluied G)oAlusinGADAGE2s (daghedutmgs) mon |tor|ng,
and B) using SYBR Green | (solid lines) monitoring, of four amplicons,

TBEAR) mRHA griép L4y(Q), a&qgﬁwﬁﬁe@):s@%w@um@@@%@m of

isa graphlﬁal représentation of relative quorescence monitored

a
VRSV RRERS BRI ChRIE BFFE: JEABIFH HE06 &) o AGHES- 053 Ceastea
DESL&RIBHQNAS042] Iﬁ@%@&gq@xea%ﬁtalm@twﬁmy betisetulinof four

various appllcatlons ic.acid for example, are
SRR hraint Qu %’%ﬁ’rﬁ% %@%ﬁ& dric nucleic acid dyes,

for example, that have low background fluorescence in the absence of

nuigi4a aBigistehilb HEEGmMEShighly Arisricte I PRI US ¥ ey darrescence
acjdsnRimericsane yimsricaucleis aoid dyesmaya use e CaBONO AD-12.
applications, such as nucleic acid detection, for example, as described

herein. Methods associated wﬂiﬁ%&g}gﬁ @]@n and use of fluorescent
dyes or stains are also describe in, as “are useful systems, or Kkits,

thapeenn priseRuaredeantdyesothstaing. FO048TH eraiprifuwHpplcations, such as
underi%tgoadlgwge 2 yord P Q}?a% '&é%%@ﬁ%ﬁ%&%ﬂ?%ﬁ@ﬁ?&srﬁ§vp5ér§{mer1c

counterpart, awor appea ng in the plural encompasses its singular

counteimeit; antisis senpliisicsy B expEiRy (MHBR OB JHskISESHITERASnCe

the absence of nucleic acids, but become highly finorescent in the presence of nucleic

on (}r melting

acids. Dimeric and trimeric nucleic acid dyes may be useful in various applications,
such as nucleic acid detection, for example, as described herein. Methods associated
with the preparation and use of fluorescent dyes or stains are also described herein, as

are useful systems, or kits, that comprise fluorescent dyes or stains.

[0043] Herein, it will be understood that a word appearing in the simgular
encompasses its plural counterpart, and a word appearing in the plural encompasses
its singular counterpart, unless implicitly or explicitly understood or stated otherwise.
Further, it will be understood that for any given component described herein, any of
the possible candidates or alternatives listed for that component, may generally be
used individually or in combination with one another, unless implicitly or explicitly
understood or stated otherwise. Additionally, it will be understood that any list of
such candidates or alternatives, is merely illustrative, not limiting, unless implicitly or
explicitly understood or stated otherwise. Still further, it will be understood that any

figure or number presented herein is approximate, and that any numerical range
i4



Further, it will be understood that for any given component described
herein, any of the possible candidates or alternatives listed for that
component, may generally be used individually or in combination with one
wanotherdemless implicitly or explicitly understood or stated &5thaege/ 09910
Additionally, it will be understood that any list of such candidates or

alternalives, i8:meraly AlaiEative (oLImIHRE, HHERS HRNEE YO RXPlitb e
understood or statg_d otherwise. Still further, it will be understood that any |
figir@®r ASiBBR proSBIfE heretitidkp ptBRTa e M tﬁa?%ﬂg}ynlﬂ*ngﬁeﬁ?lﬂy
rapgrerddotlV Q:2Q06/0996R8:RE T/ WERZANGI00 9% Qvinchd am s utingum any
number and the maximym number definin% the rangehwh(?trger1 or not.th% ;
teﬁ?f“}ﬁ&‘d"sh%@%r%san?ée&aé%ga&% GRfe TS TRpICItTy SreXplicitly, PeroHssive 1o
understtod bmgtaied atherwisecldcditiongbiyedt vitl beartdestond theearepded
permissive, open, ok open-ended. i o
e SRR Al Gl
operenidet wesclos echentie dndaigiiageraspestieR), aresPriplRIEPErns -
expligithtndarstend osstaled gthenmisen Merabrby:waxnef example, the

word "comprising” may encompass "comprising”-, "consisting essentially

of- n%{o "consisting of"-type langu e..LEO 44].Various terms are i
geﬁjgﬁa y%%%%"ﬁbé%#el%% r %%%ﬁé%hgéﬁﬁ %%fa%%}ﬁgftemu%ﬂeérs anc |ntgo. tacmtate
willinie randénstobioMiich caundemespdriting gereaidiee gptival obshogeen of these

various.term i ing.| jsti ti iat]
T L oy g

destthssorvasiasyetamibaidhvaiialeristispne o tinalPn sE96TR dppiiRkfRRt any

the emds#sedyin g NBRrIsNREAl REMare ResificnnanaekH wilhataoibe non-
understood that the terminology gsed or the descggfti n_provided hec%ei{ry\, wsed
SUBRRSE T BIRTOPPES S B B mb ST h S S B PISS AR P2 oG STt e

wilbfurthaeheipiderstoatthadembadiments descoibed vhgoeincanbodiments, for
applications described herein, arg not limiting, as such may vary. [0045] .
GeRarany; t’ﬁe’%rh@“@%‘nﬁt ézrf]ig? '%% Ir’rl1bz§fy é% eurg%) %fln &tc h“%ae%%%%r%m}bed

refeerdio anaardiatinmcleciel tapablerohabiswibing fightdnthe spectral
range of from about 250 nun to about 1,200 run.. Generally, the term

"dyiQosay;Leieniio, atlueraseentdyme: Ren-tuorescent By ckinpeibly and refer
Generally, the term "fluorescent dye" refers to a dye ca @bta oforem_,itgngx Jbout
g ABHTBRR EPISy A GEREP R BE Ao DA SVGE, IERGRhrAnce Of o out

250 nm to about 1,200 nm. Generally, the term “dye” may refer to a fluorescent dye, &
non-fluorescent dye, or both. Generally, the term “fluorescent dye” refers to a dye

capable of emitting light when excited by another light of appropriate wavelength,

[0646] Generally, the term “fluorescence guencher” refers fo a molecule capable of
guenching the fluorescence of another fluorescent molecule. Fluorescence guenching
can occur via at least one of the three ways. The first type of fluorescence quenching
occurs via fluorescence resomance energy transfer (FRET) (Forster, Ann. Phys.
(1948); and Stryer, e al., Proc. Natl. Acad. Sci. (1967)), wherein & quencher absorbs
the emission light from a fluorescent molecule. The absorption peak of a FRET
guencher usually has to have significant overlap with the emission peak of 2
fluorescent dve for the FRET quencher to be an efficient fluorescent quencher. A
FRET quencher is typically a non-fluorescent dye, but can also be & fluorescent dye.
When & quencher is a fluorescent dye, only the absorption property of the dye is
15



[00461 Generally, the term "fluorescence quencher" refers to a molecule
capable of quenching the fluorescence of another fluorescent molecule.
Fluorescence quenching can occur via at least one of the three ways.
Whhmediretmde of fluorescence quenching occurs via fluoresEghige2646/609910
resonance energy transfer (FILET) (Forster, Ann. Phys. (1948); and

Stryigrizet ah, L¥esd %ﬁ&%@%ﬂ@%@&ﬁ@ﬁéﬁ%&ﬁ gﬁeﬁmg—ri %quglectron

the emi sigﬁn Ii%ht from a fluorescent molecule. The absorption peak o

FREFSGHdhcher TRUAIR HEHEHAGR SigRifesRPBTETIn WieH theheingiessiehes the

pediuofeacdivorgschntdye-ionifediREY Guershak i heareificiBnticcironically
uencheris t a non-fluorescent.

fluorescen her., A FRET icall

y S Er I aa B SR A" G B JSEHEOF K% Regraatiap sucs
dyersontyithe &vswiptionvpropartyof thendye dse o EIRORE/09 ical a
Pyc%tﬂ%%ggﬁéﬁ%?%&e% lized éﬁgﬁﬁé‘%éxpe g luorescence %%L{?e%?ﬁi” Comda
occurs via photo-induce éTecFron Transter fﬁ‘ﬁcﬁ wherein ﬁ%ee ﬁu@ﬁg %Emo &8

is o Blesiiien Mdtdenreofeaninns fubtssebroefisrabten canafagur between two

fluareasent mejegle by dtapsirng.anLleskon o ﬁ%@r@é@@ﬂ@@‘é&”é{z between a
excgig:d dye. A thuﬂ%pe of fluorescence quenching occurs via'dye

agdPEYEISR: SHEHs HEdHerdeiReaEo P I VISETERT thdTBPIRfsPaIdYE: and a PET
molgentes:ar@tinphysicalicontasicani) enaanaiheiaeraby eissinatinghmonty,
the.eIFc roni&eferqx jntcg the vibr%tion | modes of the molecules. This

inc 5 CCTAdICE

type Of CoNtact Hiorassanca IdRLhAN CEPBLR B SRFBL RS Teentical

fluorescent dyes, or between two different fluorescent dyes, or between a

fludfddericagelandls. ERE Tngtleitchrs srisenie dabliictrestenbbiye GRENA),
a PEbiduencBe DRIRLDNES, ebibRascrRoRIHeREIeE thotigh N0k 4o RN A

used as commonly, include stable free radical compounds and certain
heéﬁﬁﬁm AP A G TR0 R ] e AeFARFATRE Ay R BRTE A CTETREREHS to
double-stranded DNA (dsDNA), single-stranded DNA (ssDNA),
douBhéStfaardend RNz (@sRNARosingle: staleite ddRNAeitSSRNA@adion nucleic
derjupfives thetgof, A HH&'%&%%H’“%&E rg%t%r%&%i%y #&Qﬂe HJCfOLJQ{(L)é%l arescent
Generally, the term "fludrescent nucleic acid stain” or "fiiorescent NUCISIS
aci¥yRctfetsitrariRiec dp ABRISEMhaRsip e aidubleils At own-fuorescent

fluerescanmty AR aseRl KacidLo e AdlIoRSeeNERMEIRIC AL dYE Seic acid
typ'ca%og-flupge_scent or wea%luoreseent by itself, but becomes

higRi fifordSRERL SR HTtleRoRatl BNty PEdHE Ay - tHsiagpolecule™ refers
"non-Huordscenidriatitic acidebinding meleculgiivefore a dye and that does not

become fluorescent upon binding to nucleic acid. Generally, the term “fluorsscent
DNA. dye™ refers {0 a dye that becomes fluorescent upon binding to DNA. Generally,
the term “fluorescent, non-nucleic acid dye™ refers to a fluorescent dye that does not
bmd fo nucleic acid. Generally, the term “non-fluorescent, pop-nucleic acid dve”
refers to a dye that is neither fluorescent nor mucleic acid-binding. Such a dye is
commoniy called a fluorescence quencher. Freguently, a fluorescence quencher is
used to form a FRET pair with a fluorescent dye. Generally, the term “reporter dye”
refers to a fluorescent dye whose emitted finorescence contributes to the final detecied

fluorescence signal.

(0049] Generally, the term “polymerase chain reaction” or “PCR” refers to z

technique for amplifying the amount of DNA, Generally, the term “quantitative, real-

time PCR” or “gPCR? refers to a technique to monitor the growing amount of DNA
16



to a nucleic acid-binding molecule that may or may not be a dye and that

does not become fluorescent upon binding to nucleic acid. Generally, the

term "fluorescent DNA dye" refers to a dye that becomes fluorescent
WEIRCHITEMg to DNA. Generally, the term "fluorescent, norzheidietogefd 1o

dye" refers to a fluorescent dye that does not bind to nucleic acid.

GengralyytheferCRon-fluorescent, non-nucleic acid dye" refers to a

dye that is neither fluorescent nor nucleic acid-binding. Such a dye is

coppBany, Galled 2 Ahorgscansegiencheyfeame sty cadHIeSeRNE0o major

quencher is” used to form a FRET pair with a fluorescent dye. Generally,
thelpsres: "HiptsAeiay ans SIEII S A TR Rt AR WD s BimHEal mtercalators
flugreacenea contiiytasdsidhe finnldetested Hurrseendedsral. 9048 ting
Generally, the term "polymerase, chain reaction” or "PCR" refers to a
e For BTy TRERRAGRCEFORR: el PR e Dinders are
"qdaatitetiténdealhtimimBGRI0oe HRORrefensitd Heshhigued midritber dyes
the growing.amount of. DNA, 1 : .
P B e B e e won

cabebeectas sifiiid iy bakgeh dior aolalsaweiisrbarisas Riciinasid
groove-binders. Generally, fluorescent intercalators are dyes that bind.to

dopyerstaindegh DNAEgaubie-strandaed:RNAcbyinsetiihgd themisalve dénome
between a.neighboring base pair..Generally, minor groove-bindets-are

dyggnfﬁgf%% fo ?ﬁ%&%ﬁgr énr%%\(?gso%%“ﬁ ek-fé?fat?l’ SABRA R e are e
otfeeslyéssihptdnaptbaid tmdaisleﬁciécifﬂ;dm aaruRipiebinofies gitfchudippiication.
e"*&H&%ﬁ""&&?ﬁ”ﬁ?&%ﬁo Roiween g pasitively sharged dyerandihe g for 2 good

negatively charged nucleic acid. [0051] Although a variety of fllorescent
nugkidabld dyes have become commercially available, and methods for
improving the dyes for non-qPCR uses have been developed, not all
nugpiszacidostaing arexsuitabietasaR GRmapplications Additibrally, dRtRishould

known as to what structural elements are required for a good gPC € 1;
(O0B S A AGOHb S T HEHBTRORER P o ey A g ik

Fview, an ide
qPGRskautd (heettaiodsWiteriahas HON YascriRER Ph&dymshaulttygcally

theimaly teble al g, tomperatuie (59m EOGH PICAARRUNSREHD Boomes
alkaline. The dye should not inhibit the PCR process, this generally being the most
important criteria, as in the most severe cases of PCR mhibition, the PCR process may
not even start, and in milder cases, the Ct number may be delayed, or only a very low
dye concentration may be used, such that the fluorescence signal is fimited. The dye
should be non-fluorescent or minimally fluorescent in the absence of DINA, but
become highly fluorescent in the presence of DNA. The absorption and emussion
wavelengths of the dye should be compatible with instruments used in connection
with qPCR, such as the existing instruments previously described. The DNA binding
of the dye should have little or no sequence preference. The fluorescence itensity of
the DNA-dye complexes should be linearly related to the amount of DNA present. A
dye described herein may or may not meet ome or more of the above-described

criteria.

[0653] A method for designing a fluorescent nucleic acid dye, such as one suitable for

gPCR, for example, is provided. The method comprises covaiently linking two or

17



stable at low temperature (from about -20C to about 4C) when the media
becomes alkaline. The dye should not inhibit the PCR process, this
generally being the most important criteria, as in the most severe cases

wofB@Rotshibition, the PCR process may not even start, an8Gia/Hrtdepte2s10
cases, the Ct number may be delayed, or only a very low dye

CoprRAtignmaybewsed ssiphdmakthe fkionescancasignat is Hmited dye. A

The dye should be non-fluorescent or minimally fluorescentinthe . . . |
alssentessioNAcTsi BEEBr FBHIGHHBRESESHIIR e pTeRentl b BRpR-1ke
TheabsesptpmaN e eptissisgRcaveiesgfosmaiibe dyes sShovld-tike conformation
compatible with instruments used in connection with gPCR, such. he ..
et RGNS BP0 e an e B RETRG A ey e
sheltdrhaisclittidoine ssvedceptofaipnoehetiie folotoscanica ivepsitgnce of
of the.P Nié&ygl%?%'%&?'a%WQ be, Hngady.related todhe AUtk xists in
Dt ‘A dye describe

present.’A erein may or may not meet one or more
of tmelhhowisitamsy ibauberisitheqi s um Wailh i fsigasronfgaetion. The open
flugrescent kGBI aci-dYe. SHCHATRNE Skiteblefer :aBRidarexamles, or
is provided. The method comprises covalently Iinki,n?&tﬁ/o %{ 17 V\&CSD ”
200ERTSOBHE PRI CUBTTEIE D TS Ao METRIFES ith Whitapive !
linketdorerane dimericeieins antimenc tyeeil adye desqufiddiersiif; from the
when in solution, may assume a predominantly. hairpin-like o[mation
B S oIBETED el TGHEGn, AT FELPSA. Tty AR S st
statecofsthie dyeclicindctive thithmesipetsito suokiinacidseordricatfablérgpase-on-
'”tgé%%“%gbwflb@%&%%&& SulliS-Delievadshat (N6 EMe, RSB SAHtRRse be
and'in the presence of nucleic acids, also assumes an open random

CoRSepiritio N 5h Satbenhich RRSEIICSNiaH GEaRATPANEEH B I SEaRTRSPSses 2t 2
eqyifinciupyith the.haitpincenfosmatiag. Theppeh.andomuconarmpation for

or state of the dye is active with respect to nucleic acids, or. capable o;

I EFSE B B W HSEICES e | S bR T WS B The
in thaeesencerofranineeasing Ameunuealmiicieic atidsnanaseiibriuiic acid
shift from the hairpin statéa toward the intermediate, open random state, or

DNRBTHATHSHEREY JERUPS FEE&Eved that this mechanism, sometimes

referred to as a "release-on- demand DNA-binding mechanism," reduces

PCIUFFiitidhoatin AvayosthtAvisedye (SSEBRIEWRNIAE BYeeagny number of

CONREAMANCEnIRG g Nal P s R IR PERERSSESAkRy have 2 background
fluorescence that is reduced relative to that of if¢ monomeric dye constifuents.
Relatively low background fluorescence generally corresponds to relatively enhanced
nucieic acid detection sensitivity, Thus, such a dye is generally associated with
enhanced nucleic acid detection sensitivity. Purther by way of example, 2 dye
described herein may be more thermally and/or hydrolytically stable then SYBR
Green L Still further by way of example, & dye described herein may have absorption

and emission wavelengths other than those associated with existing gPCR dyes.

06557 A fluorescent dimeric mucieic acid dye may have the general structure

{Structure 1} set forth directly below.

Structure 1

Q" BRIDGE |~
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higher concentration than might otherwise be possible, and thus, may

provide for greater nucleic acid detection sensitivity than might otherwise
whe@assiale. The reduction in PCR inhibition may be dramatcy/asehibrendsic

increase in nucleic acid detection sensitivity may be significant. [00541 A

dimgri rmey scri erei posses a numger of

o e SR Rt from o

badkFESFRAL Mkt dhat isvediuccyaulanueleir theit afits mBnemsesie non-

dyenﬁ@@ﬁiiHé@;ﬂt@ye,Rﬁatié/@ié{n@ﬂ&%égf%dﬂﬁlé%@%ﬁ@Ccﬁz@.e@ze.rguy Q2 may be

corre pogﬁaséo relatively enhanced nucleic acid detection sensitivity.

Thi& SHE A PR EnB A RPRREIG SIQ ARG SrREREE Atriedcraegrtios of the
detestiningefisituitydfeuthekfy Wiy ofexampieca dye Heseribed hefsife: dye.
ma?g}‘gﬁﬁpo%elégﬁr&aly g%g/%)rahédr% éigiall stablzlthagn SYBR Green 1.

Still furthér by way of example: aHja descBat hERaIIHay Fifeic acid dye or a
abswipfioprespeienvidsionvidvgteigthsepther then tho Seassagiatediviithcid dye
existingmP&R dyes (082 tdimeric nucleic acid dye may, . .
havel({%ﬁe general str%rc(tal%? g(%@ruﬁgﬁjgrséél %gtgfrgﬁi?% N gg%ﬁ?gsftoruac Gatively
1 QS RaEes ot Ggbsiaiiy 26060 906hE SC T $2006/00084Brlinlly flexible

Strushetudaninele pendantiineachidya Lioyve-land dve Q‘Bdﬁé@%&%{?ﬂgarm dye,
ye, a

from a fluorescent nucleic acid dye, a non-fluorescent nucleic acid

flum t non- nucleic acid.dye, and a non-fluorescent non-nucleic acid

dye. Ql arr‘llxd z Fﬁ%\cf%%e%gg%ﬁeﬁﬁgﬁéc c%ﬁ%iﬂ‘éﬁ 1on: ri?ﬁ?ﬁ?letp?o%‘?ﬁ‘é@éréﬁémm
or (édiure Besiréuthipettideebfthe resulting dimeric dye. At least one

dye of dye Q1 and dye Qz is a reporter dye. Further, at least one dye of
dyesfreanrd glye Q2 is a fluorescent nucleic acid dye or a non-fluorescent
nucleic acid dye. The re and fluorescent nucleic acid dye may

be the same or $ifferent, BRPREE positively charged to a

relatively limited extent or substantially neutral in charge, and may be a
substantially flexible constituent that facilitates intramolecular dimer

formation to produce the dimatic dye. [0056] A fluorescent trimeric nucleic

acid dg/e mag have, the general structure
{0657] In Structure 2, independently, each dye of dye y, dve Qp, and dye Q; is

selected from a fluorescent nucleic acid dye, 2 non-fluorescent mucleic acid dye, g

ftuorescent non-nucleic acid dve, and 2 non-fluorescent non-mucieic acid dyes. Gy, Cu.
and Qs may be selected and combined in 2 manner to encourage or to ensure desired
properties of the resviting trimeric dye. At least one dye of dye Qs, dye G, and dve
Qs is a reporter dye. Further, at least one dye of dye O, dye Qg, and dye Qs is a
fluorescent nucleic acid dye or non-fluorescent nucleic acid dye. The reporter dye and
fluorescent nucleic acid dye may be the same or different. BRIDGE may be positively
charged to a relatively limited extent or substantially neutral in charge, and may be a
substantially flexible constituent that facilitates intramolecular dimer formation to

produce the trimeric dye.

[0058] A finorescent nucleic acid dye may have the general structure (Structure 3) set

forth directly below.
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(Structure 2) set forth directly below. Structure 2 Q; BRIDGE Q2 Q3
[0057] In Structure 2, independently, each dye of dye Q1, dye Q2, and
dye 03 is selected from a fluorescent nucleic acid dye, a non-fluorescent
WhHoleiecaetd dye, a fluorescent non-nucleic acid dye, and a@?CE/US2006/409510
non-fluorescent non-nucleic acid dyes. Q!, Qz, and Q3 may be selected
argd.combmed in a manner to encourage or to ensure desired properties
of the resulting trimeric dye. At least one dye of dye Qi, dye Q2, and dye
Q3 is a reporter dye. Further, ne dye of dye Ql, dye Q2, and dye
Q3is a fluorescent ndéleic aci on-fiderescent nucleic acid dye.
The reporter dye and fluorescent nucleic acid dye may be the same or
different. BRIDGE may be positivﬂy charged to a relatively limited extent
or substantially neutral in charge, and may be a substantially flexible
constituent that facilitates intramolecular dimer formation to _produce the
trifABFR dyelrGuBese futtmsadeniliblefcTatis Ay h Yy RV mByeheral
strlcte £SHMRIIG Bhingt darthdirectydetonehR W BRON61 098605
PCT/US20061009910. Structure 3 Q, BRIDGE Q2 %‘)5&% In Striucture
3, SHRHEREE Aty e HsE %Srwa@f%yoéféﬁﬁ?%w% YAESEHBEE e &P
ahgverindalatiparéarS vty & dvendoStstehpie, 2 BRIDGE fnakked nucleic
substantially aliphatic linker, as previously described; rr ;
e et e S e AR e
beneaflie resdemtnnabicidipheit: Hybeconstitigng Dourdybd a thabpaédértnon-
nugleic aci it , i L |
B e e e R A et S
to bmetivositiveuphasgesairdRietay be a reactive group or a functional
group, as described herein. BRIDGE

BRIDGE
[0060] BRIDGE may be a substantially flexible linker molecule, having no more than

one positive charge. BRIDGE may be 2 substantially neutral and substantially fiexible
linker molecule. The constituents of BRIDGE may be selected to achieve such a
limited positive charge or such a substantial neutrality. The property of substantial
neutrality, which includes actual neutrality, is discussed further below. The property
of substantial flexibility is generally refated to the substantially aliphatic nature, which
includes actual aliphatic nature, of BRIDGE. This substantial aliphatic nature
generally refers to the non-aromaticity of BRIDGE, or non-rigidity of BRIDGE.

00611 In Structure 1, BRIDGE is covalently attached to and . In the case of
dimeric dyes, BRIDGE may have from about 8 to about 150 non-hydrogen atoms,
from about § to about 100 non-hydrogen atoms, from about 12 to about 60 non-
hydrogen atoms, or from about 15 or about 20 to about 40 or about 50 non-hydrogen
atoms, for example. In Structure 2, BRIDGE is covalently attached to Qi, Gz and Qs.
In the case of trimeric dyes, BRIDGE may have from about 15 to about 150 non-
hydrogen atoms, from about 20 to about 15¢ non-bydrogen atoms, from about 20 to
about 100 nep-hvdrogen atoms, or from about 30 io about 70 non-hydrogen atoms,

for exampie.

[0062] BRIDGE may incorporate at least one independent nucleic-acid-binding-
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[00601 BRIDGE may be a substantially flexible linker molecule, having no
more than one positive charge. BRIDGE may be a substantially neutral

wan@daustantially flexible linker molecule. The constituents wiBiRHasakove1c
may be selected to achieve such a limited positive charge or such a

substantjal neutrality, propert substantial neutrality, which .

in@i’ﬁmg%%ﬁfgﬁﬂe%%ggk fgfﬁ é%%i fﬂﬁh’@lpffa&'o\‘f\??%% %%c\)gé)nér e
suhﬁthrﬂhﬁa’gtfbei@lniﬁtysﬁse@eﬁesaﬂ;qéiaﬂja@haﬁhe st ﬁst&ngaﬂ;baﬁﬁingtimteractmns.
nalgfre Wkt}]mh\x %Cl&d &R ﬂalaalﬁgﬁ%ngi ebé)fs%lgégg %roy'ﬁximar amines;

su é:"‘[rae,ir?ztiayallé atic natu ’gener y refers'to the non-aromaticity of
BR{CGEpravinaigidiiest BRIDS RI00BHH Smidigs HBRIDGE pptionaly

COX&&%}IHH ttached 1ok aneb Q4 IRdhe kass, of, dimeriedyesBRIBE Ehereot;

may have from about 8 to about 150 non-hydrogen atoms, from about 8

to Bigkted G en Mo GEREIIRG TG 268t 1 ehsbiiansserviy; and any
hyesagenatams:«rfrom about 15 or about 20 to about 40 or about 50
non-hydrogen atoms, for example. In Structure 2, BRIDGE is covalently

2RSS 0,08, O2 306,03, 18.COSR SRS eS. BRIDGE MR
eflr ou

have fromabout 15 to about 150 non- hydrogen atoms, from about 20 to
abtsrefse navs-hpevisiyely arheiscfrofi aboles0 toamibByt positively charged at

NoRERYAIGER atams, Ah oM APOM30:I0 8POMEAD-NORhYERRGER aleslss, are
for example. [00621 BRIDGE may incorporate at least one independent

nUBFETREBERED RIS L 0MpEscS0 GBI TR0 SEETIB SIBBB D g FEped or partially
enbagsingy ¢ (NABEGh A BE iR - mpiaincagaliieotbindingdarostatic
nucleic acids in the form of electrostatic, hydrophobic, or. . ..

R ot A ML SRS, Treralo i g ey Siems Ry seggtve
be Setested from grimairy auminek; isecordtry mﬁéﬁﬁ@?ema%@eaﬁﬁﬁ@ﬁﬁ having
Ao, AMIAIRES A0 AR PUOD B QBRI NBIBIO IO Mimpie, «

selecte combination thereof; moieties having

boreiabisnRIISIRE: 196 tefiydnily © PhigiersEtdfefahio ity aiaRyty comprise no
Co%@@%ﬂ&[‘cﬁi@ﬁ%@&&@@@éﬂg@ RanGBecAndansand.terian aninesanduiral or

amidines are basic groups and therefore are positively charged or at least,,
paﬁ%#&%@?ﬁ’v@%}“&%a Eg@“ain oSBTl IR AR MG Gt BupdeEy o shieht
quatgrRizegvnilrpsgen graups, BRIPEENanENbpesitlvelyweliargessic constituent,
Geglglglgt gppeyafglr}z%’ &%ﬁgi‘é?'g 55%&?59 gorg)%%r?g%l ngampif:, such that when it is in
aqueous solution, a very small amount of positive charges may be present. Further by
way of example, in a case (optional) in which BRIDGE comprises at least one neutral
NABEG, the exact amount of positive charge may be generally related fo the pK, of
the NABEG. Generally, the higher the pK, of the NABEG, the more likely the
NABEG is protonated and thus, positively charged. By way of example, a suitable
weakly basic NABEG group may have a pK, of about 11 or less, about 8 or less, or

about 7 or less.

[0064] There may be a tendency to form 2n intramolecular dimer, primarily H-dimer,
which may be a particularly useful property in the nucleic acid dye produced. For
example, in the case of & dimeric dye described herein, H-dimer formation may
produce a hairpin-like structure, wherein H-dimer forms a stem portion of the hairpin

and BRIDGE forms a curved portion, as schematically illustrated in Figure 1. The

21



positively charged groups enhance the nucleic acid binding of the dye via
electrostatic interaction, a property that may be exploited in the
development of highly sensitive fluorescent nucleic acid stains. It is

wgenesallysemdesirable to use BRIDGE having excessive positiveschayges1o
to produce a dye of the present invention. For example, a suitable

BRIDGE962 dimerigidie osathinteris dye-afdhg inventionay SeMpHseeer
no more than one positive charge. BRIDGE may be a substantial

I
flastebaAdthaVitshl 6 MulistEtalG HEutidPinke R IReEls Rofitext, Pys. Chen.
Elg%%ﬁléiﬁﬂxa:ﬂ utsality, etens @zksjﬂgbtﬁrzphmmg Bﬁd/\layaﬁﬁheiimmp@,qgf J. Phys.

could comprise a wea asic caonstituent, such as ridin
oo S GH CloP e AR GLL (AL Eat A s whes
SHRIOGRA Yery Shasibhiameunbelpdsitiveutisangedimapbalpresentafgrthbnker,
by way of example, in a case (optional. ich, BRIDGE comprises at
led {1%%%1%8%3%%8 1%E§¥thtﬁg%%c&t9§rr¥ount of positive charge may be

generally related to the pKa of the NABEG, Generally, the higher the. pKa
T KB HETEHGTR) (e RAECHS pPoiGnAE8 JRFAGE, o o 6ve

positivelicehacpednBRwar pbexample, asdiahisioveakiyrbasic NABEGIc dye
group may have a pKa of apout 11 or.less, about S or | o¥ ut

Ies%(.?[oﬁgﬂ%}gl@he?@%ﬁ e afierfaeaﬁ%iy t‘?)sc?rrrlr? a‘rglyfﬁtraAr%?(ﬁgcma?Blmgzr,r&{S “
primedihiedimelmevhich shaybénaimnticlarhe uSBfaimpropéragipcibied with the
nugleic acid dye produced. For ANt of a-dimaric dye

oSO Mol Fon el sl o R e, e
wiverdintiH dinrapsiormy andtdhs sbmpsnDOcIRtE HETRIH aRcE BRYDCOIARE SLUTS,

curyed ROrion, %ﬁ%@%ﬁ@%@ﬁﬁ%@&ﬂrﬁ%%&yUjﬂ%x@ﬂapwpag shown in
2006/099605 PCT/US2006/009910 phenomenon of H-dimer formatign in
coRieticn Wisarpsmiayeshi 5’5@3@8&’5‘@%@%@&% td&i‘?ej.‘ﬁ??‘;‘}%?ﬁs the

Chens: + ReatgiirelialcnlRings. IBhemindkQ66); Rohatgi, et at,
Chem. Phys. Lett. (1971); and Khairutdinov, et al., J. Phys. Chem.

(L98¢8af Brmationahan fUuamolge AL SL MRS fRcTiaiRt Wb Al two
B IS a flexible and neutral or substantially neutral hydrocarbon =~
linkesjonptieafitiy Qempfisingletieroramisis g BIBECRy fgsramatic, in
H-%L&Efg:&%@%iﬂﬂagz@xc@? sharactesized fibadasae iluesshifi afthesdysce upon
absorption spectrum. By way of example, the abs%rlf)tion slgectra af R :
mo@ygﬁéﬁ%‘j&% as demonstrated by a large gain in the fldorescence signal. This benefit
may be appreciated by comparing the fluorescence specira of 2 monomeric acriding
orange dye, DMAQ, and & dimeric acridine orange dye, AOAG-T, in the absence and
presence of DNA. For example, as shown in Figure 4, relative to the monomeric
DMAQ dye, the dimeric AOAO-7 dye is associated with lower bacikground

fluorescence and higher fluorescence upon binding to DNA.

[6067] Intramolecular dimer-associated fluorescence quenching may be so efficient
that a dye described herein may be consiructed from at least one monomeric dye that
is not normally considered to be very desirable, such as at least one mmopomeric dye
that has high background fluorescence, for example. An example of this is shown in
Figure 4, which features acridine orange (AO) and & dimer thereof. Although AC is
ome of the earliest known nucleic acid-binding dyes and has desirable wavelengths, it
has mot been widely used for nucleic acid detection because of its relatively high
background fiuorescence. As demonstrated in Figure 4, relative to the monomeric AD
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AO (acridine orange) and a related dimeric dye, A.OAO-7, that forms an
intramolecular dimer, are shown in Figure 2. The 471 net peak associated
with the AOAO-7 dimer indicates intramolecular I-I-dieter formation. The

walsostsisspectra of both the monomer and the dimer bedHé Siffilaposic
once DNA-binding occurs, indicating the opening up of the hairpin

stilctieaBX Y ORI ARS8 sROWRINL RigHfendd ieotisappearance of
the 471 net peak from AOAO-7 dimer indicates the opening up of the

hairpin structure upon. DNA binding, [Q0¢ zdimer formatign inadve e cular,
di@@%gg %&%in%%ﬁ%oena%%%%%ateé v%ﬁ%%vége major benefits. One of thsec11 “
miajerabere st davercfiomasom etrmes i dhtafiey #e b Asfkgasupigtwo or three
fluprescence, cqupled with 2;substantiahingreasesn fkoseSEeNCETHIOR. - dimer
D ,&-binding, as demonstrated by a large g}ain In the fluorescence sidgC%aI. A
ThesthaiRenman 2y Becapibit dal by enpRHn g iR Hu B BEENCE PBetaPi o™
of;2, BRANQAANE arTiinE oRIRRGR Ay D MAONRNfe dittericatridipplication of
orange dye, AOAO-7, in the absence and presence .of DNA..Fof ex
i e W L R
AQADY dymisnaskeciateibivifinipiserdoaskiyrou add faereseancigrigid-dinding
higher fluorescence upon bindin D 6.7 Intrameleculatyonal t
di%%?%gg%tc%f‘édc ﬂ%%ﬁ@ggéﬁ%esauén%h%%y e s%éerﬁfcient tﬁé?% d)r(ﬁeagef1
deRattve dhhereinieabeleonstivereddyomal RaBteHEBABNMEACHgELC acid-

th%‘}nﬁn“%{g’é%ﬂ&k%&ﬁé‘%ﬁg&&%&%ﬂ&@@%&gﬁm@&@ﬁ leAsEaREment
rc dye t

MONOME at has r;gh background fluorescence, f%%

example, An .
examPIEIOR g ST D F g &L AN $8at TFEg RErid e%aiﬁ%%fe&a%m
ang & diater taeraokAlthoush AO dsc ape cidhaeaslissidmoutanuelsit has no
acid-binding dyes and has desirgble wavelengths, it has.not heen widel i
e R S T S
flupreEseRees S8 detnenbikatds jrefiguitd, rdlatiffecddvthéymomsmmiationper the
22 WO 20061099605.PCT/1TS2006 Ve, ihe. dimeicAYS en though
A@ﬂ%ﬁtﬁgg%%%%ﬂ?og\ygr%;fgﬁgor%eﬁn%%%%%ssqgtegﬁcg{m%é% AH-diﬁme?n onen
formgitiombdrtirendenimEamioleesd &o raterse tha g FeErFRBIEEGHRT,
interaction. The H-dimer formation occurs via the covalent linkage of two
or {higs; dves.sish-asiBavairofgiesiraieamonemeriydyessdor@xermiplenay be

:]-2 gﬁljf-s?algg réé%;{%&ﬁé?ﬂ]mm I%jgre gr?é%gp pjﬁbse%r{%%g\c/ e|<¥ %@gé% %t%t 08imer
formation in a dve may significantly reduce the inhibitory effect of the dye to PCR in
a gPCR application. By way of example, usuaily, for & DNA sample of a given
concentration, the fiuorescent signal from a fluorescent DNA dye is proportional to
the dye concentration, until dye saturation. By way of example, a higher dye
concentration is associated with a greater formation of DNA-dye complexes, and thus,
greater, or brighter, fluorescence, until dye saturation. Therefore, ideally, one would
wish to start with a high enough dye concentration for maximal sensitivity in a aPCR
application. In practice, however, all DNA dyes that have previously used for gPCR
inhibit the DNA amplification process in varying degrees. Typically, 2 higher
concentration of such a previous dye has been associated with greater dye inhibition
of the amplification or PCR process. Thus, the concentration of such a previous dye
has usually been made to be much lower for a gPCR application than it would be fora

non-gPCR application.
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reagent, such as an additional reagent that may interfere with a useful

application of the dye, for example. By way of example, a dimeric dye
wmaybedesmned from a pairing of one nucleic acid-binding dyergonstitwesto

and one non-nucleic acid-binding fluorescent dye constituent in solution,

WM hE LR A0 AAHiioRAL SERARAL I e e itina £f R¥BMAILs Bacrifice

trimeric dye may be pr%&ared from two nucleic acid- binding céig/e b
constaRNE SAE BARNSHORRCRIC SEREbRTaHE RS SERE M aYE Conttidam e
in salien, AgaRioNitiant hesusedefyanatoiienalsaggCR By BRI Eem I, by

formation provides_ a useful way to tr dye in a,n@En-DNA-bindi .

S T EHE ot G AL DER AP R et AP s mot
rapgiemdsstate oe therDhéenhinding mmwmm iyme@@m_ dramds not
the elfeclye Ay S-LONCRNANRD. QLG EORCENIRAN LR YR s optica

open‘random state, can’be kept low, even though a high total dye
codmeiirationdnpse BrornderadbeiptypiCROSER SVt 08B PAZ Y BR Green 1

MenipRed.2RaY g P Une, IRIMANOR i6;diy & SRse IedNRERIBIMAYDS at least

assoclated with another major benefit. This unexpected benefit is that cal
H-aalBatifsHn SSRAE ey & TReR S AMCERHR U CS TS SISy aIfEL B
thedyeaRCRIR &ABCR anplisation By wakok example2sisudllgs forkle the
DNA sample of a given concentration, the flu nt.signal from.a .
UBRACEEAPBNALY & ST G e Cantan . (o] JygeCR
satypedioR. idynuaywexarm pleya highendye tponséntiationtiodssbiiatent U4.
with. a r formation.of DNA-dy S and.thus, r d
briéﬁ?e%;%%&ogre?é%ﬁce{? SX%I 8%%“’59&%%%%%% eré%%%eéﬁ%%ﬁ%%u%é yi
wishiteestetionitly ankighsehbiagh Oy carientrarerPraIdmiximapausmifsRyty of

in 3 gRCh tl%plﬁl&%%yt%h C%zﬁ{ agtigenhoweyaralbRNAGSS tRichaeresponds to
previously used for gP

| _ cg R inhibit the DNA amplification process i varyg'gng‘gwh.1
degrearsicnl frasily, & RighaF BorfeRRtARETRIPSIEH A P EVOTR tyekys o While
beer-agsesiated withgreatepdyainhibition of theamplifisatiorfiosdeLt: signal
process. Thus, the concentration of such a previous dye has u uallg b&e{; i
DB R ISP U LR S ST OR i HELI Ry 2 L e
NoRseRGR applicatiornk A3 e006IROISESIRECTIITBR008/600 920700 Tojicates
Thislowering of dye cancentialn nARCR aRplcalians @IS dRefiarion. The
sachifice ‘in termg of end’-pomaf uorescent signal strength, ‘as may be o
disdemed fremitféO-12, exhibits little or no inhibition when the dve conceniration is
increased from a 1X dve concentration, which corresponds to an optical density of 0.1
at the absorption peak of 471nm, to a 2X dye concentration, which corresponds to an
optical density of 0.2 at the same absorption peak. Because AOAO-12 shows little or
no PCR inhibition, it can be used af a conceniration that is relatively high and provide
a fluorescent signal that can be several times higher than that of SYBR Green I, as
shown in Figute 9. In brief, AOAO-12 shows little or no PCR inhibition within a wide
copcentration rangs, and thus can be used at a higher concentration for an increased

fiuorescent signal.

(60731 1t is believed that the above-described substantial lack of PCR inhibition that
may be associated with dyes described herein, such that a higher dye concentration
can be used, may be explained by a “release-on-demand” mechanism that is

schematically illustrated in Figure 1. That is, it is believed that in solution, a dimeric
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following discussion of the most widely used DNA dye for gPCR, SYBR
Green |, by way of example. The concentration of SYBR Green 1 that

used in gPCR is not provided by the manufacturer, such thatfrgcise
WQ&WEQ’H%@H with other dyes is not easy or routine. However-ad ie1e/e91o

concentration of a dye is linearly related to its optical density according to
Béwr'simw, ithe dpticaicdensifyroimrbeesistiesclissly BRGSSRIpBalighornd an
used in gPCR andapather dye selutign yse; it gPER may:Reusedo Rlimin
least qualitatively compare the respective concentrations. For example, a .
typlefiropstionl aemsry LY BROG rdeh 1i%oIbith HEdaTh HERmatfEnfnd
gﬁtﬁéo‘izﬁih%gé,z\’ﬁb i&%&hﬁa@@%@i&%@ ' ; Q]uchﬁfﬁﬁimﬁiﬁab iR efb ?yeiwt?islﬁbgﬁgsforted by
able 2 herein used in g is typically from abou to about 0.8, or.
MR o R i6u T o %ﬁguﬁoﬁgs%ﬁgag %% &fr((e%g‘h Iggﬁféxs S
a sigrificantinhibiterefectuwhenhthedy® corfcenitation i inereasddfraithe
0.5X, which corresponds to an optical depsity.of O e tjony
ok oY TR, 08 X RS ARt e Sk CEm e A Baaple lArona
dexsitpofUIeS BNthe sarvreabnrpioh: eak ABfemBiTrFigUIR gDWhirBound
S.‘é%?o%ﬁ?t?&! &BEQ%&%ﬁ%&%&%&bﬂ%ﬂ&b%ﬁ%aﬁmwé@m tion,
signal relative to SYBR Green | at the 0.5X concentration, the cycle :
nurrb @GR Gioveile CORSRBRIIEH TR thé TSCHIRVCoREEAtalidh %‘83?8’98’8?@&
This delayed Gtivalue indicaips that-SYBRGreBRdisighifieantyintibison and
PCR at higher dye concentration. The dim _ricﬁlﬁ% ﬁO{fQ%Z eXhibétSQBg@ 0
i ai i e T e S e
dyg-&encentatiasswhitheotdspentdsderandpticahaessityafed i1 pattide for 2
absorption peak of 471nm, tp.a 2X dye.conce ' ich
R b e e
AQACE2ishdWSHitte adytodeCRbrthibitiin, Y0aR beagacddees not have & non-

copgentration that is relatively, high and.rovide. @ fuarescentsigaal dhake dye

can be several times higher than that of SYBR Green |, as shown in
Figafctio:s| phbyies RERCIEERHHITE 3oy BER MG Hin a wide
concentration range, and thus can be used at a higher concentration for
anjouEaged fhareseaidt signaldfeatEltistielievetkititdesimple and can be
aboveesanbed subsiantia ek of RERNOHERINAMANRC tens of grams,
asBOEIAtEd Wi dsyes destribe erein, such that a higher dye )
cofizertrativn, can Barhsediiimapiss cXpraineerisjcacio | Sate- g afmusg. fairty
mechanism that issehematisally ilpskataddn RHigUEs: LeRobIS, dbisine research
believed that in solution, a dimeric o .
applications. By way of example, fluorescent nucleic acid dyes may be used to detect
the presence and amount of DNA in a substantialiy pon-sequence-selactive manner,

and in a relatively universal manner.
10073] BRIDGE may have the formula (Fornmula 1) set forth directly below.

Formula [
Lo A (CHg)o~Jaf A CHa )y To[ A™(CER)—J[A'(CHo)s ][ A™
(CH)e— e
[AS(CHa)e A «(CH ) Tof AP (CHR)o— W[ A'-(CHa)—J-A " La-

[0674] In Formula 1, each substituent of substituent 1; and substituent L, (each of
which may be referred to as simply “L”) is part of BRIDGE. L; is covalently bound to
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24 WO 2006/099605 PCT/US2006/009910 dye exists in a dynamic
equilibrium between a closed hairpin conformation and an open random
wepniarmeasian, as shown in Figure 1. In general, the hairpin eonfemmationis

is much more stable than the open random conformation and is

presigmipanbnihadeRtinanes aidhaRaimin; copfermation mgt@{%#s’ ang 1, is

supported by ultraviolet/visible spectra, which show a'substantial s ift 0 ‘
thecgﬁ?ﬁg‘f‘@%é’gﬁﬁ rBalE (FIRETRBNBNiB? SpetifurrnsiincRanpiibe Qs that is
corfiemaiianssdninagiverfermafitnadehs Migg %@ﬁv@f@lcgﬁﬁzmglg%om
is an active form of the dye, capable of DNA hinding, When IS

or e T & BRAL S FERAt RS P BRUA BB 00t 12 carbons
corsfeimativriomprisiy etifethieduaitgiteroonbtornsationshifis 19, theaapen or an aryl
co j in: formation stays at.a.very lo
conce]f‘lg|;’1:’1;#@(){(;)11.1 |n92?§§?§v%é%§9%g§ r%%?o%ég}gf ?cl%ﬂoem dsileaf:s%t{rg%%%&\i h%téh"(land > The

norfYBMAPEIndidgsaiatsth conférmatien andiglonlyreflerised to thépemamely,
confogmation, or the Qﬁﬂﬁgb@%ﬂ%@r{& N JgePQpsq . greater DNA C{)ﬁpgndently

presence. This "release-on-demand" mechanism makes it’possible

dydnd Bty sea sEiaaver g ceribsisnanol withodeadeusrselyn integer from

affectinguhe BEB: peaceswitarll: Unlikea dyrdsseribedinerein S¥BR - cketed
Greeﬁ.l do(egséyot h%\t/e a non- DNA-binding conformation that helps lower

thePSTHINE EORBE Rt aliBRDY thePd§etdnd this EHoWEaY gty same or different,
coreentiafigrmdepindanicRER iﬁélibiﬁ@f)ﬁieff%CE%B%@fé%’dgTﬁ@é&%@g)&an of the
stapns described herein are relatively simple an n prepared on a

e e e B B e IR A T e i dngngr om
for bxahpl Son a fairly routine basis. These nucleic acid stains may be

used fairly universally for detection of DNA amplification and for rela_tively
roufse Iescarch sdpplications ABy Abay b exarinle, UORRSCRIt BUBIBIC e cach,
acid dyes ma _b% used to detect  the presence and amount (_)f DNA.!n a ‘
SuBREARAAIR oS e ARG SRS AR OB e P AR OB G reed
maaihgr o 73] BRIDGE ngay havedhe fasmubtod esmeia Dosetfotthand s: or at

crecl below, Eoule Lo AALCHO AR (CHRI AT CHRN, e
Jo[ASTCIRReThime. (EH2pAS04.2 A%, A7, A% A%, A% A7) A% A®, and A" may be

such that BRIDGE comprises at most one positive charge, or is substantially neutral,

end in the latter case, each of these constituents, independently, may itself be
substantially neutral, which includes actual neutrality. NABEGs may be selected from
moieties corprising at least one bond linkage that comprises at least one hetero atom
of high electronegativity or S; and arvl groups optionally comprising at least one
hetero atom selected from halogens, N, O, and $. Examples of moieties comprising at
least one bond linkage that comprises at least one hetero atom of high
electronegativity or S include, but are not limited to moieties comprising at least one

amide bond, urethane bond, urea bond, thiourea bond, ether bond, or thicether bond.

[0876] One of A, A%, A%, A%, A°, A%, A, AP, A% and A™ may be a branching wnit
covalenily linked to Qs through 2 branch B’ and a linker I, as shown in the formula

(Formula 2} set forth directly below. .

26



[0074] In Formula 1, each substituent of substituent Lr and substituent L2
(each of which may be referred to as simply "L") is part of BRIDGE. LI is
covalently bound to 25 WED 2006/099605 PCT/US2006/009910 one dye
weoonstittsesitsof the Q7 dye constituent and the Q2 dye constROBAIS HMeI L2516

is covalently bound to the dye constituent of the Q1 dye constituent and
thesQz.#at is other than said one dye constituent. Independently, each of

L, and L2 is a moiety comprising a single bond; a polymethylene unit

having 1 carbon.to ahout 12 carbons optionally comprising at least one
hetero atom selected from N, 0 and S; or an aryl group optionally
comprising at least gne hetero atom selected from N, 0 and S. The

subscripts associatdd with the (CH2) methylene units, namely, a, (3,y, S,
s,~, 1,0, andt, ma)Qbe the same or different, each independently

indicating the size of the associated methylene unit and being zero or an
intéYBr7irénTotroaiallo Gt Baydrefaoswbittotaboutbd®, T hebstilbselipisogen, or an aryl
assQgi ith the. br ted_portions of Formul namely, a, b, c, d, e,
e S BB e oo
thef&izalef Hoemuds Goisttcid braivketatbplontion of the formula and being zero

or an integer from 1 to about 20, or from | to about 10 or from | to about 5.
[007kiAla A2, A3, A, A5, A6, A7, A8, A9, and A10 may be the same or
different, each, independently, being a ., s L
nucleic-acid-binb(ﬁg%ﬁﬂﬁ*nc’ﬁ%ﬁﬂﬁi%ﬂ@@%ﬂ%ﬁ&n&%@%@ﬁ‘ -
optionally comprising at least one hetero atom selected from N, 0 and S;

or Hi0T8aSTheneGiatly attBobnoi: G sambeteryriigkeptio Maly Bamprisihgnat A™ of

| t lected f 0and S. Al A2, A’ A4 A5 A6y 1

S e SRR R ranie 2 SRt bR, 4

positivarshAf G iis sutsstalrizipsientipdly ki the distier basaiiepchahcing-

these,cORSHIBRALS, 'qféﬁﬁgn&sﬂé%myét%%ﬁ&%@upﬁ%%ﬁlymg&&?_'oﬁe hetero
s may be selecte

which includes actual neutrall% NABE from moieties

cofpfisialy dtdeHetoNe Bong Mraligh Pt compaIEs sefeatidope tidtapgmbered
atamg ofRisfhBleetiapeaatiity Qi SoRN Ay FHeHPSRRUGNAI-CRMPIISRYS - a5
at least.,one hetero atom selected from halogens, N, 0,.and S.SExnges8 5
of MMGEHE: 86‘?%’6%%%@%?0%’8%?%8%%“%%6@tﬁ‘azt%onﬁ*prié\es%vl st A
onerfdeterodtdomnfihigh FlectibnepativiolaBdnelmlerbyCars nekiviitetunits,

to moieties ising.at least one . . o
namefy, a‘i%‘l‘ F))J’ , anegﬁa} may%e the same or different, each independenily indicating

the size of the associated methylene unit and being zero or an integer from 1 to about
20. The subscripts assoctated with the bracketed portions of Formula 2, namely, ', b,
and ¢/, may be the same or different, each independently indicating the size of the

associated bracketed portion and being zero or an integer from 1 to about 20.

[6075] In Formula 2, independently, Ls may be a moiety comprising a single bond; a
polymethylene unit having 1 carbon to about 12 carbons optionally comprising at
least one hetero atom selected from N, O and S; or an aryl group optionally
comprising at least one hetero atom selecied from halogens, N, O and S, as described
previously in connection with each of the L components of Formula 1. The resulting

molecule is a trimeric nucleic acid stain.
10080 One of AL A%, A”, A% A®, A° AT A% A% and A may be a branching unit
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amide bond, urethane bond, urea bond, thiourea bond, ether bond, or
thioether bond. [0076] One of A', A2, A", A, AS A6, A', A8, A9, and A10
may be a branching unit covalently linked to Q3 through a branch B' and
wa Botkenoes0as shown in the formula (Formula 2) set forth dif&EtREEReIeRI%210
26 WO 2006/099605 PCT/US2006/009910 Formula 2 B' L3 U3 [0077]

'”cg&aﬁ%ﬂgg yﬂéﬁ@x Re @ subsiiyiedizahan. aaastituierknieaen, ef édwn

aryl optio comprising at Teast one hefero atom selected from 0, N and

SitBhhdertids {GernmRaEohingByistbtidirectly below. Formula 3
(CHZ)a[Asi (Gz}p ]aAr2-(Cz)r' Je'[Az (G )S r4 [0078] The -(CH2)a' of
Fognas3iis covalently linked to T of Formula 2 and A14 of Formula 3 is
covalently linked tod e of Formula 2. Independently, each of All, A12

Al3and Al14 may bg a neutral or substantially neutral
nucleic-acid-bindinl%enhancing- group (NABEG); a neutral branched alkyl
optionally comprisittg at least one hetero atom selected from N, 0 and S;

or at least one neuffal saturated 5- or 6-membered ring optionally
comprising at least one hetero atom selected from N, 0 and S, as , .
dd80RHETh Feviolesty . & mediorrnikiiaad o fah A30KH A SRBEAaR With

Aﬁf@%%om?é Egrmulasl - Jhesubscrinisaaseaiatedvithhe (6o R.. The
methylene units, namely, a', P', y', and 8', may be the same or different,
eaehuitiae perierantyeRidie R tHe % étﬁﬁtﬁ%fag@é%ﬁ’é%g &%‘%‘iﬁ?ﬁ‘&ﬁé’ &E‘ﬁ"“*
and being zero or an integer from 1 to about 20. The subscripts

aspmsizted withvitiesoracketegt portidnsaf Fomed s 3pbderslyoi, wideargicty of
c,m e the same or differ. | Iy indicati ' -
e D g R
abouta3e. foeToh SommUliouddstuddaatijie Brmay Bty can be used

copmRuging, a single; bond:a-Relymethyviens: unidpaving feanhendenatfouttional

12 carbons optionally comprising at least ong hetero atom ?electe,dg%m

N. gawd We&ﬁ@é}w @ﬁ‘-%ﬁﬁ‘?o?p‘t‘ﬁ%%ﬁwe group” or a " functional group.” Eiiher term
may refer, and both ierms may refer, to a bond-forming group on a dye, or to a bond-
forming group on the substrate molecule to be labeled. Here, by way of convenience,
but not limitation, a bond-forming group on the dye will generally be referred to as a
reactive group and a bond-forming group on the substrate molecule will generally be
referred o as a functional group. Merely by way of example, a dye with 2 reactive

group or functional group —R; may have up {0 one positive charge.

[0083] In general, conjugation of a dye to a substrate molecule may confer a nucleic
acid-detection property of the dye on the conjugated substrate molecule, The reactive
proup and the functional group are typically an electrophile and a nucleophile,
respectively, that can form a covalent bond. According to one alternative, the reactive
group is a photoactivatablie group capable of reacting with a hydrocarbon molecuie
upon ultraviolet photoactivation or photolysis. According to another allernative, the
reactive group is a dienophile capable of reacting with & conjugated diene via & Diels-
Alder reaction. According to yet another alternaiive, the reactive group is & 1,3-diene
capabie of reacting with a dienophile. Still other reactive group/functional group pairs
may be selected based on Staudinger chemistry or the reaction between an azido

group and 2 terminal alkyne (the so-called Click chemistry). Merely by way of
28



comprising at least one hetero atom selected from halogens, N, 0 and S,
as described previously in connection with each of the L components of

whoimulevdes The resulting molecule is a. trimeric nucleic acigestaig:dRaB80d:o

One of A", A", A3, A4, As, A~, A', A3, A9, and A10 may be a branching

Ul 2 2000 %?%Sgﬁﬁﬂﬁ% e

reactivé group

a branch

DkerE

Oco Ient Ilnk%dtoa

foridrerraigisiadesew forfblidetly below. Formula 4 BL3 | Rr [0081] In
Formula 4, T, B' and L3 are defined as set forth above in connection with

own fFPHiaponding

Formutea@aind bafipia Srutin e exeanirndRatlds, oy SR GHAdes |

to R ﬁ%rg@ﬁﬂlﬁm|e‘u SoayhiR @ﬂi_&!@emmtﬁ@@@ﬁlﬁ%@ GaeAted
by tructare 3 oo [{'\FQ’)'I A-chvve with-a lreap‘_ \/

agifyated gsters *

e-group-R,can.be.used _
ETSBESAlings o ha&ﬁﬁ??ﬁgﬁﬁ-&m;_
%1 iS ad o nr\mnwnn Thlpq ﬁgﬁln fune

;o la a"c‘r"!,'éﬁnces* wide va::*: e
byl i e W T i
groupaclﬁ ia‘f égglbtuuu that ﬁ%ﬁls é}lﬁ .négabu"vc JVEH"O ﬁi{li?%b:\;;:‘n::r::;\;l
tO a %Eﬁ ‘]i\!%ééluup o & Imcah{lﬂ 1&}51“41 &t ltllaL e LCI.III |u||uuun:u
group:cGamRRUSeEd to TEfe MQo&oléEﬂéﬁb‘{? gruW

Eithebdermyimay refer, an

CaRQHEL i May Te

eF 10L& pamd-formimg group

on a dyepateto a bond- fo

nuigegEauipen the s

URsHaIe molecule to be

labe|edlickigikre obyewaas of capwemance, but not lpEaters a bond-forming
grouprgnitiesdy gapilegene Bt belredoered to aaimeactive group and a |
bong #ipdiréfefroup on theasitsyeaibomolecule withiyemeeally be referred |
to as. 4. rkr‘@ % | group ﬁﬁf@ﬂﬁ?ﬁﬁ\#ﬁ‘}s of examilersa dye with a reactive
grougt BTk f‘?ﬁ}ﬂa! group -

In ge a axc N . st

nucle

molegiit; Thg IRACIVE 7

%&H&Maﬂéﬁo&é’”‘*“”'

gHoupare typtcatty-an

electraphifes@nd a nucleoy

hindepREEIVely, T

aLean form acovatent

bond aéigearding to one alternadyathe reactiv

CCHMPHR S

photoagtivaikadle group ca

pethdés of reacting withtaubyglieearbon molecule

aryl halides Amines aryl amines i

aziridines Thiols Thioethers

boronales Glveols boronate esters

carboxylic acids amines/anifines Carboxamides

carboxylic acids Adcohols Esters B

carboxyiic acids Hydrazines Hydrazides

carbodiimides carboxylic acids N-aeylureas or anhydrides

diazoalkanes | carboxvlic acids . Esters |

epoxides | Thiols Thioethers (‘

haloacetamides Thiols Thioethers ‘

halotriazines amines/anitines Aminoirizaines

halotriazines alcohols/phenols iriazinyl ethers

imido esters amines/aniines Amidines

isocyanates amines/aniiines Ureas
| isocyanates alcohols/phenols Urpthanes

isothiocvenates amines/anilines Thioureas

maleimides Thiols Thioethers

hosphioramidiies Alcoholy phosphite esters

sityl halides Alcohols sily! sthers

sulfonate esters amines/anilines alkyvi amines

sulfonate esters Thiols Thioethers

sulfonaie esters carboxylic acids Hsiers

sulfonate esters Aleohols | Ethers E
| sulfony! halides amines/aniiines | Sulfonamides |
| sulfony! halides phenols/alcohols | suHonate esters |
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upon ultraviolet photoactivation or photolysis. According to another

alternative, the reactive group is a dienophile capable of reacting with a
woanjugaded diene via a Diels- Alder reaction. According to yetmanoihanesoio

alternative, the reactive group is a 1,3-diene capable of reacting with a

dleqop |Ie till other react ve group/fun I
RS LR
group % [‘%ﬁg ne t h{ghe%§tfy)~1@§§§%@’m\m§myk
of 28 ] %fa& %@Q@éf%wgﬁimﬁéﬁmﬁ one or
useful feactive. OTNAS AnGieRaLarauRSHANdseE e sRanMing:inkases aero,
listed helow 'E&ﬁ%@%@ﬂeﬂl{ﬁb'@r%@@mﬁl@ﬁ Oﬂ‘haeatctlﬂﬁ @fenpk, FusBctiN&m
Grou pﬁc@&@e@@ﬁﬂ@dﬂé@@f@ esbbiet apliliereupl ualeephiliai@raufpm an
ResuItm@g&@l&nﬁﬁeg@g@@ﬁwﬁeﬂ@mrSrammeP&faﬁhﬁﬁRE where R® and R,
Carboxaysles=achéarmidesncl biokiffdtieethaes akykadingy(3-Cs alkyl, Ci-Cs
aminesfafilinesicarhoxaniidekkoasy bhakdehiaminesinitigEminopropyl, or N-
CarboxasmtleSnagikhalides Alcohols! henols | Esters acyl | nitriles
Alcotialstphenidds Esteie apytamipdlssiscaningstanilines Carboxamides
aldehydes amines/anilines Imines aldehydes or ketones Hydrazine
HIRISAoRES TeaalETs GEN B AREL SRR 0 Y A AR S é&.ﬁ?e%"f&ﬁan%é?ﬁ% Pr an

ampings/antne WW%B?%@ be m&lﬁﬁhﬂ&ﬁﬁiﬂﬁz@@fb@%ﬁtﬁ:ﬁem dnstirsnidy!
Jalkyl halldqs Thiols Tﬁgﬁethers allc | hallde alcohos he”OEa{ I8id
alREUIRS AR RIS FRGETAGTES §fﬁ§fpsﬁlﬁ%nas[es CaTboXYIiC acids E?stérf o

alkyhstifonaiessiiadeaholsends: Estersicanhydridéshaicattattiyhemnols such as

Esters . .
an amine, an aminooxy, or a hydrazide, for example.

[0085] A reactive dye may be conjugated to amy of a wide variety of substrate
molecules. For example, a suitable substrate may be a nucleotide, an oligonucleotide,
2 peptide, a protein, a hapten, 2 drug, a microparticle, a synthetic polymer, a natural
polymer, a biological cell, a virus, a moiecule of a solid surface, suck as the surface of
a silicon wafer, the surface of a polypropylene substrate or containes, or the like, for
example. A molecule to be labeled may be a nucieotide, an cligonucieotide, 2 peptide,
or a molecule that may interact with a nucleic acid. For example, DNA-binding dyes
have been used to label ap oligonucleotide-based probe for gPCR applications.
Shiguro, T., ef al, Nucleic Acids Res. 24: 4992-7 {1996).

00861 AL A% A% AY A% AS AT, AB A°, and AY, which may be the same or
different, may, independently, be NABEGs selected from moieties comprising at least
one bond linkage that comprises at least one hetero atom of high electronegativity oz
S: and ary! groups optionally comprising at least ome hetero afom selected from
kalogens, N, O, and S. Examples of moieties comprising at least one bond linkage that
comprises at least one hetero atom of high electronegativity or S include, but are not
fimited to moieties comprising at least one amide bond, urethane bond, urea bond,
thiourea bond, ether bond, or thicether bond. AT, A%, A%, A%, A%, A%, A7, A%, A7, and
AY may be such that BRIDGE comprises at most ome positive charge, or is
substantially neutral, and in the latter case, each of these constituents may itself he
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anhydrides ,amines/anilines Carboxamides aryl halides Thiols
Thiophenols aryl. halides Amines aryl amines aziridines Thiols

whiReBEs; boronates Glycols boronate esters carboxylic agigs dzeoa/000010
amines/anilines Carboxamides carboxylic acids Alcohols Esters

carboxylic.acids Hydrazines Hydrazides carbod miles carboxylic acids
il gé?d é 18@/2%%?@8?'}% BRIk ylic acids Esters

N-acyf‘ureas OPLH
epoxides Thiols Thioethers | haloacetamides Thiols Thioethers
halEWHEGiFES T eura i iminp tiEshlss tiatbtiaginesn-hydrogen atoms, as

alCQ#&@l@ﬂ@.@ﬂ@é’é&ﬁf@e?dwﬁ&{%f%ﬂﬂis‘&@asi%r%oaﬁgmﬁsiéﬁiﬂﬁ%ééﬁﬂg}igéﬂeﬁom for

isocyanates amines/anilines Ureas isocyanates alcohols/p

UrStHEHES TSt &Y akateSurhri SR BRI pesT e s foalditite TFiis, and
Thipeith eBSthQﬁ ok %ﬁl?iw M@ﬁg@ﬁ%&&%ﬂ@;ﬁ% %ﬁikﬁﬂléﬂdq@j&‘?%or example,
alc il lathers sulfonate esters amines /anilines alkyl amines o
sul%ﬁna gséesr?eaiyse}’flﬁfoéo?h%é’fﬁeﬁ t&ﬂ?(?ﬁ%l?@ S B iR eRs the dimeric
Estérs: sulfoinate abste rsiAtcahals 7B therd yaui famyd thalides tamingsianiiaes |
Sulfonamides _sulfonyl halides phenols/alcohols sulfonate esters 29 WO

20Q6aR8OR R Y 2200R/003840. Brioityalad LHIRIS 1RSHRARI0HIR: 5) st
the.art, g_enerally ave the formula -Con,
forth directly below.

Formula 5
~(CHz)y-C{=0)NH-(CHa)o-TO-(CHR)g [ O-( CEL), Je NH(O=C)-(CHa),

In one such case, for example, L, of BRIDGE is (CHz)y- and L, of BRIDGE is -
(CHa)y-, where each x, independently, is an integer selected from 1 to 11, inclusive;
Al of BRIDGE is ~C(=0)NH-; 2 of BRIDGE is 1; A® of BRIDGE is —0-; A% of
BRIDGE is —O-; & may be an integer selected from 2 to about 20, inclusive; each of B
and v, independently, may be 2 or 3; b may be zero or an integer selected from 2 to
about 20; and ¢ may be zero or 1; each of d, ¢, f, g, b and i of BRIDGE ig 0; and A"
of BRIDGE is ~NH(O=C)C-. Merely by way of example, BRIDGE may be as just
described, wherein ¢ is 1. Further, merely by way of example, BRIDGE may be as
just described, wherein ¢ is 1, and further, wherein x may be 5; o and v may be the

same and may be 2or 3; f mavbe 2; and bmay be 0,1, 2 or 3.

Monomeric Dives

[0089] Independenily, each of the constituent monomeric dyes or functional
molecules, Q1, Q2, and Q3, used for the dimeric and frimeric dves may be selected
from: 1) fluorescent mucleic acid dyes; 2) non-fluorescent, nucleic acid-binding
molecules; 3) fluorescent, non-nucleic acid dyes; and 4) non-fluorescent, non-nucieic
acid dyes. In general, Ql, Q2 and Q3 may be selected and covalently linked via
BRIDGE in a manner to encourage or to ensure intramolecular dimer formation in the
absence of DNA and formation of highly fluorescent DNA-dye complexes upon DNA
binding. Intramolecular dimer formation mey be sufficient to provide the wseful
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where Cl is a good leaving group, such as succinimidyloxy (-OC4H402),

sulfosuccinimidyloxy (-OC4H302-SO3H), or -1-oxybenzotriazolyl

(-OC614N3), for example; or an aryloxy group or aryloxy substituted one or
wimosestintess by electron-withdrawing substituent(s), such ashiEd)SBtore9910

chloro, cyan, trifluoromethyl, or combinations thereof, for example, used

to figrinetivaiacasx! SSICEROH A SRIDRMVIS REIGAGINAIE DY A & dimeric dye

carbodiimide tg form an anhydride or mixed anhydride -OCORa or

-OERMRAIS IO HRHS RRRReRIhirt P g & tod Siacsratrorefidow PCR

arenhitependenthutdicCAapyt CalHCGspabbaoiog ks b 46 AlkmericOfive as

cyclohexyl, 3-dimethylamjnopropyl, or N- morpholinoethyl. ** Acyl azides
R B A AL A Ve o0y P o B
thailweitbsesacsigithi.an amine, a thiol, or an aldehyde. The reactive group

may be an amine-reactive group, such as a succinimidyl ester, for

X000, 1fadbieiIeaCtUR-O QUi SHGH 353 Maleidtidenadaloacsiamids, e
or a methanethio-sulfonate (NITS), for example, or an aldehyde-reactive

grolip ORI U Qi 4R QMRS 8z ide?qr WRaipfsfan with the
[ooaﬁmttemegmr?yﬁ ﬂilﬁyelmd(ltliﬁﬁ@ﬁi&(ibt%ﬁw %ggaswi@lemaixéeag&fm solution.
substrate._molecules. For example, a suitable substrate may be a.

nug%gi} té?%%ﬁ%ci%%rnﬁc S0 |%ré?a§0§eg ?dsegoél l§rcc) &, tg%gbet%a, af fqfomponent
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may be about 5 nm or less, by way of example. In general, when there is no

significant spectral shift observed, other analytical technigues may be employed to
confirm the formation of any imtramolecular dimer. Such apalytical techmiques
include, but are not limited to, muclear magnetic resonance (NMR) spectroscopy,
infrared spectroscopy, and fluorescence spectroscopy, for example. Any

inframolecular dye aggregation that results in a hairpin structure is generally

desirable.

[0092] Various combinations of Q1, Q2, and Q3 may be useful or desirable. Merely
by way of example, a dimeric dye may be constructed via five different combinations
of Q1 and Q2, as schematically shown in Figure 10. Further by way of exampie,

examples of prepared dyes and associated intermediates are listed below in Table 2.
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intramolecular dye aggregation that results in a hairpin structure is
generally desirable. [0092] Various combinations of Q1, 02, and Q3 may
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[0063] While many of the structures shown in Table 2 show one or more iodide
anion(s), any other appropriate amion(s), such as those described herein, such as
chioride anion(s), merely by way of example, may be used in place of the iodide

anions showrn,
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NHS %Ed kaC ﬁllzm;gsc\:le_:ln; In%glIe%cNaﬂlg Jy\e\ (\)2, lW\l}:Lemm 12aAf18d 2 ]fr%agy-%ae-rtgé ;I;nne or
different. When Q; and Q, are the same, the resulting dye i a homodimer, such as
any of Dye Nos. 6-22, 24-26, and 28-36 of Table 2, merely by way of example, When
0, and Qs are different fluorescent nucleic acid dyes that have similar absorption and
emission spectra, the resulting dimer is a heterodimer, such as that of Dye No. 23 of
Table 2, merely by way of example. Such a heterodimer is functionally similar 1o a
homodimer. In either case, both Q; and Q; are reporter dyes, such that upon DNA
binding, they both contribute to the detected fluorescent sigmal, as schematically
iltustrated in Combination A of Figure 10. Alternatively, a heterodimeric dye may
comprise two different fluorescent nucleic acid dyes that have substantially different
absorption and emission spectra. In this case, only one of the two dyes is selecied as a

reporter dye.

[0095] Q; and Q, may form a fluorescence resonance energy transfer (FRET) pair. In
this case, the dye with the shorter wavelength acts as a fluorescence donor dye, whiie
the dve with the longer wavelength acts as an acceptor or reporter dye. For efficient
FRET to occur, the emission spectrum and the absorption of the donor dye need to
overlap sufficiently. Further discussions of FRET are provided in Forster, Ann. Phys.
(1948) and Stryer, ei al., Proc. Natl Acad. Sci. (1967). A. FRET-based dye allows for
excitation at one wavelength and re-emission of fluorescence at a substantially longer

wavelengih.

[0096] When a heterodimer comprising Q; and Qs of substantially different spectra is
not a FRET-based dye, either one of Q; and Oy, but not both at the same fime, may be
selected as & reporter dye. The other nom-reporier dye serves as a partner for the
necessary intramolecular dimer formation and provides additional nmucleic acid
binding ability for the dimeric dye. An example of a heterodimeric dye having one
reporter dye, a fluorescent nucleic acid dye Q. and one non-reporter dve, a non-
fluorescent mucleic acid-binding molecule Q,, is schematically illustrated in

Combination B of Figure 10.

[8097) A heterodimeric dye may comprise a non-fluorescent nucleic acid-binding
molecule O and a fluorescent non-nucleic acid dye Qu. Here, Qy is the reporter dye,
while Q; serves as a DNA anchoring dye and a pairing partner for the necessary
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[0098] A heterodimeric dye may comprise & finorescent nucleic acid dye Q; and a
non-fiuorescent non-nucleic acid dye Go. In such a case, Qy is the reporter dye and Q»
serves as a partner for the necessary intramolecular dimer formation. The DNA
binding mode for this type of heterodimer is schematically illustrated in Combinpation
D of Fgure 10.

[0099] A heterodimeric dye may comprise a fluorescent nucleic acid dve @ and 2
fluorescent non-nucleic acid dye Qp. If G and Q, have similar absorption and
emission spectra, both Gy and Gy are reporter dyes, although onty Qs is bound to the
nucleic acids. The DNA binding mode for this type of heterodimer is schematically
illustrated in Combination E of Figure 10. When Oy and Q; form a FRET pair, the dye
with the shorter wavelength acts as the fiuorescence donor dye, while the dye with the
longer wavelength acts as the acceptor or reporter dve. When Q; and Q, are
substantially different in specira and are not & FRET pair, either one of Q; and G, bt
not both at the same time, may be selected as a reporter dye. An example of this latter
case is the heterodimer AORO-7 (Dye No. 27 of Table 2), which comprises AC with
an absorption peak and an emission peak at 503nm and 523nm (DNA), respectively,
and a rosamine dye with an absorption peak and an emission peak and at 600nm and
~620nm, respeciively, as shown in Figures 12 and 13. Figure 14 shows a PCR
amplification plot using AORQO-7, with the fluorescent non-nucleic rosamine dye
component chosen as the reporter dye by using channel no. 3 on an iCyder IQ
Multiple-Color Real-Time PCR Detecfion System from Bio-Rad Laboratories
(Hercules, CA).

[0100} A dimeric dye may comprise a pair of monomeric dyes selected from two

identical flnorescent nucieic acid dyes and two different fluorescent nucieic acid dyes.

[010%] A trimeric dye may comprise & fluorescent nucleic acid dye Qs, a fluorescent
nucleic acid dye O, a fluorescent nucleic acid dye Qs, wherein Oy, Q; and (5 may be
the same or different. For example, G5, Qz, and Q; may be the same fluorescent
nucieic acid dye, A trimeric dye may comprise a fluorescent nucleic acid dye Qy, a

fiuorescent nucieic acid dye Qn, and a fiuorescent non-nucleic acid dye (s, whersin
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anion(s), any other appropriate anion(s), such as those described herein,
such as chloride anion(s), merely by way of example, may be used in
place of the iodide anions shown. 37 WO 2006/099605
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[0204] Merely by way of example, the monomeric fiuorescent nucleic acid dye may

be an acridine dye having the general structure (Structure 4 set forth directly below.

Stmcture 4
8

e
7 e 2
GRS S S H)
R~ NNt

N
[0105] Acridine orange (AQO) is an acridine dye that stains dsDNA with green
fluorescence and stains RNA with red fluorescence. Traganos, ef al., J. Histochem.
Cytochem. 25(1), 46 (1977). Unlike some other acridine dyes, AO bas a high
extinction coefficient (>50,000) and a long absorption wavelength (S = 500 nm
(DNA bound)). However, the affinity of AO for nucleic acid is very low and the dye
has significant intrinsic fluorescence in the absence of nucleic acids. In this regard.
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reporter dye, a fluorescent nucleic acid dye Q1, and one non-reporter dye,

a non- fluorescent nucleic acid-binding molecule Q2, is schematically

illustrated in Combination B of Figure 10. [0097] A heterodimeric dye may
WEGHISH8RE non-fluorescent nucleic acid-binding molecule BETARERY6/I09910
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repatistiays Hidegblystmadvas Yadrierior tnsqrined sut) AnplstbmsutEsh as
dirpgr-fepmation. The DNA binding mode for this type of heterodimer is
schematically illustrated in Combination D of Figure 10. [0099] A

he imeric dye may comprise a flugrescent nucleic aci Oranda_.
Ll e e
anpbehersivrkpets sirbdueQ Q2 afe repoiitord ped, s onp@ition

is hound.tadhe, uelaic ﬂfégf‘ail‘%l?gg%é bindlog adesfac dhis WBRAT clectron-

heterodimer is schematically i ated in Combination E of Figure 10.
WHERPERE aFEPE M & FRETSpaiidn&-@paitipith #7¢ shBrdlesiopatamiytwing

actapsiina fluorescensadongidye mhigthedyeswibdnendonaREion specta of
wavelength acts as the acceptor or reporter dye. When Ql and Q2 are |
B o

suBS&RTaiy T %ﬁ@ﬁ%ﬁ?&%‘ HASERE TR e vhe
ansbQzributgrapbethydt dhe same times eay Recselesiedaskyrpotiano group.
dye. An_example of this latter case,is the heterodimer AORO-7 (Dye No
e e T B R SR, R s .«

envizsiorgpaak arsdBrmeakd 228nm A DNEOx resde ctiverly 2 andoazosdngrap, &
dyg:with 3 ARsarption, parkand an.emissionRealand at8000m 88 the core

-620nm, respectively, as shown in Figures 12 and 13. Figure 14 shows a
PCRUGHipTfitRlshpretassig KoROE Ahthse IRBIeESEAt non-nucleic

rosamine dye component chosen as the reporter dye by using channel
no [BLT afuidyclerd@@nMMuoftifle:CaloriReal-TamelPCE icteltiGnrSysten, as in

fro%r%gé %%1%11‘%%%5%11%{8 dea structures provided or described herein, a symbol of
“R” foliowed by a subscript, such as Ry, merely by way of example, may indicate a
substituent of the structure that is not part of BRIDGE, or may represent where
BRIDGE attaches (o the structure, in which case, il is not a substituent of the
structure. Bach Ry, independently, may be H; an alkyl or alikenyl having 1 carbon to 6
carbons; a halogen; —OR4; —SRs; —NRgRy; —~CN; -NH(C=0)Rg: -NHS(=0%Rs; or —
C(=0)NFRg; any adjacent pair of Rys optionally forms a 5- or 6-membered saturated
or unsaturated ring, whick further optionally comprises at least one hetero atom
selected from N, O and S; and one of the R;s s ~L-R,, as previously described, or one
of the Ris represents where BRIDGE atiaches 1o the structure, in which case, that Ry
is merely representative and not actually a substituent of the monomeric dye. In any
case where Ry invoives at least one of Ry, Rs, Re, Ry, Rs, Ry, and Ry, any applicable
one of same 1§ independently H or an alkyl having 1 carbon to 6 carbons, and for any

applicable pair of adjacent Rs and Ry, independently, R and R; may in combination
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(Hercules, CA). [0100] A dimeric dye may comprise a pair of monomeric
dyes selected from two identical fluorescent nucleic acid dyes and two
different fluorescent nucleic acid dyes. [0101] A trimeric dye may
woampniseses fluorescent nucleic acid dye Q1, a fluorescent AGEIERZHSIHII910
dye Q2, a fluorescent nucleic acid dye Q3, wherein QI, Q2, and Q3 may

besdhe $3Me QL-iffRrent. SRk A% MNE: kR rRBVRRMAY BRI EADSses at

fluorescent nucleic acid dye. A trimeric dye may comprise a fluorescent

nulRIEREiIBeHe BrLSHRASTE SR ONRIERE acid dye Q2, and a fluorescent
non-nucleic acid dye Q3, wherein 39 WO 2006/099605

P08 2006/60998.0isQH sarialye] serod ey DipinEoring mofcoutsssan aryl
Q301538 RO AW L 100816 8108 HEINEINON ABAY EMPIISHAC and §; =

non-fluorescent nucleic acid-binding molecule %a non-fluorescent
nuéiredsid-BRdingRolectif2, afd'a Mird rs?dSEEn6h-ARRSRR B CRhere

dygR3arhersinRtangd Qeamnme BSPNARNhaHNY, melacties Rag Q3 isf Ry,
a reporter dye, [0102] Flugrescent nugleic acid dyes, non-fltle?resr1 n

nubtercieiBtindingPhaRIEITRAS Atforesteit Mo RRERIE4ei d'dfYfed! 5 having 1
nonaftuarescentbamg-nucleic acid dyes, and examples thereof, are further
described below. Fluorescent nucleic acid dues [0103] Examples of a

m F clei | itabl cponst ing.d
Oﬁ%%ﬁbﬁ%gf&s%%%. @%@%ﬁy&%d%a? :ibCRNSURLRG. Y€ Pepresents

inc not limited to, an acridine dye, an asymmetric
cydifipis-HEIBY FutteibcadritadimadBhenanthridinium dye, a symmetric

cyanine nucleic stain, a derivative of DAPI, and a derivative of a Hoechst
dygoTIAP¥ard:Haschstdyessgenesially tanbalabesdiresttivattaehediossociated

BRIDGE because they do not possess a reactive group far bon o
oA e GRS AR o BT SRR, s o braanle
or ariitoeekiidyenthat innipdifieds ufficienty forband fbospatien » ucthbsaie, 2
by addion.of.a feactive group. BY M Ol eRmple ACANE YESIOAGH union
Merefy y way of example, the monomeric fluore cent nucieic aci ye

mawapdachigritine idgsihaving the general structure (Structure 4) set
forth directly below. Structure 4

[0111] Only one of Ry, Ry and Ry mmst represent where BRIDGE attaches 10 the
structure. Merely by way of example, one of R and R; may represent where BRIDGE
attaches to the structure. As described herein, BRIDGE may be covalently linked to 2
monomeric acridine dye, such as any such dye described herein, and fo another
suitable moncmeric dye, o form a dimeric dye, or to two other suitable monomeric
dyes to form a trimeric dye. Generally, only one of Ry, Ry and R; may be optionally —
L-R,, as previously described. A dimeric dye or a trimeric dye may comprise only one
—L-Rp

[0112] Merely by way of example, the monomeric acridine dye may have the

structure (Structure 5) set forth directly below.

Structure 5
Rz
Ry NSNS Ry
RrPgN” 7 N7 Z NRgR,
Re ©
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R2 7692 (Rt)4-11 (RI)4 sN 1104 R3 T [0105] Acridine orange (AD) is

an acridine dye that stains dsDNA with green fluorescence and stains

RNA with red fluorescence. Traganos, et at, J. Histochem. Cytochem,
WoZ0PY/#8E977). Unlike some other acridine dyes, AD has BHigl2¢06/009910

extinction coefficient (>50,000) and a lona, absorption wavelength (Xab, =

5(01mB) HISWAdau ] Yetdmitevercii affifsppaicaly fos HuokicGicidZighiahyone

low. and the dye has, significantintrinsi I i :

R e B o e of K
thenteRelinHInRinsicpfitioresiveirseripely BEEIJHMOERRT TRRICREEISEIGHSRIECE
dya‘%ﬁa‘{éii@a being usedn detectingnpcleicracid atiadew fevel rsuchas inNw,, -

the low nanogram/mL range, for example, or in detecting nuclei idin
T b R W e R R
little wilifrferRNAOE RA quartificakipriepartieuldrly falHighiyisenditived Ry,
DNA detection associated with applicationg such as. real-time gPGR .. oq
(ORI BTIGLS Py oo iy s Sl oF SR e gy
Vakipusy pesitonst erdingisingstaottpre . of hejawul & ofaReuistfue Hidgheniently,
supstitution position _may. strongl: ctibe spectrgl yopsries-of hedysd or
prgﬂu%reé%ln%gr?g}ra?}aeyle%}rgﬂ- %lnﬁa{{)%g substituents at the 3- and
6-positioasaridgan electron-withdrawing substituent at the 9-position

typically red-shift the absorption and emission spectra of the dye.

Exgiies.of2 tpieaiclestrenonatingeg g dyeluderchutseneaoyliftitsthre 5,

to, an aming group, a hydr group,.an alkoxy.gr :

al K SFcSHtd %ﬁfb‘?% &éﬁ%ﬁ% of %Bt%é"’ ' gé%raﬁgﬁﬁh raw%}%aétr%cggs _to the
inclydemhyt ard it imiteiiio cacicRant ¢ioHp, andetfiusrealkyicoap pacviousty
carcpox%mgjdo group, a sulfonamide group, a nitro group, and a halogen
groﬁ’f)‘.3 ﬁy'additional ring structure fused with the core structure will also

increase the wavelengths of the dye produced. X : dentical
[§115} Mersly by way of example, a dimeric dye may COmprise two I entica

monomeric acridine dye molecules of Structure 5 and BRIDGE of Formuia 5.

Asymimetric cyanine dves
[0116] Merely by way of example, the monomeric fluorescent nucleic acid dye may

be an asymmetric cyanine dye having the gemeral structure (Structure 6) set forth

directly below.

Structure §
% en, 1l
Hjj;hEN%(éi ‘ ;”Hé;CN_R7
By § Ry’ Re

[6117] The general structure (Structure €, above) of asymmetric cyanpine dyes
comprises z heterocyclic ring that is a substituted benzazolium ring; a methane or
polymethine bridge; and a heterocyclic ring that is a substituted pyridinium or
guinolinium ring. The dotted line in the structure represents the atoms necessary to
form one or more fused aromatic ring(s), optionally imcorporating ome or more

nitrogen(s), which may or may not be quaternized. When the dotted line represents a
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[0107] Various portions of Structure 4 are now described. In Structure 4,
as in various other monomeric dye structures provided or described
herein, a symbol of "R" followed by a subscript, such as R1, merel

b
WA EAmple, may indicate a substituent of the structurd ﬁ%?%‘%f‘f?‘ﬁ’g?f}

of BRIDGE, or may represent where BRIDGE attaches to the structure, in
whicH¥BE8 e HUgGORBIBSEIORNOONGTE Tdegt oGOt R Iresulting fused ring is

in@@@@g@ﬂy,mﬂg%ﬁg! an alkyl or alkenyl having 1 carbon to 6
carbons; a halogen; -OR4; -SRS; -NR6R7; -CN; -NH(C=0)Rg;

-NHS(=0)2R9; or - C(=Q)NHR1a; any adjacent pair of R1s optionally _
forﬁzig%uo%%‘-’r%%;mbér §%‘Eﬁf§te%flggr?ﬁ1a&tﬁgqae%1rir?§, WRidHEeEpm g,
opiishatiydeathprises dkieashinghétedomionriealactechftom;N. 01886 S;0R,, —
andsone Qtthe,RIs js.sl - ious scribed, or one R, )
oS e BRI Ha IS0 W R LIS S e SAuo Ry o
R1WEY e rahmeipresembivemh® netactsallsebsiiostitibnt vftee o X or to the
m b a where.R1 inyol east one, of RS,

o R e e e St Ay
or Gnthirylchenheg bebewbdn aoy6oarbbas; Bndfdn amyohpplicabis pair affRo, Ry,
adjacent RG and R7, indep 7.may .in.combination 41 i
e S oo LR SEERCETNGR Bhe ey dRERA R or
sattrdisalgrthsnitretedrheRs, WriieRadptisrrinpesimpiised ajttege(vner an aryl;

hetgyo atpnasalested fomd a0d Bf0108]hyRicall Redds B ANAlYLAL hered

alkenyl having 1 carbon to 6 carbons; an aryl optionally comprising at
U el 5 HETHSL R HGn GRS CRITHY 71 6 oh Agiero stom
-ORYigeBR &2 NHRLG; -CAT; or -C(=O)NHRI4; or represents where

BRIDGE attaches to the structure. In any case where R2 involves at least

1 . R14 icabl f - -
I e T T oy gpticven

R3tgHFoBReAleiFherRdrdysirdaebonne ® tatborseoDrepresetsrabliepeoperty is

BRIRGEaftach CtuAr IS jo a i
that balances ﬁggégi%ﬁ%%(é Zn;%%%a e%&vﬁﬁ%%gd%ﬁ%xg@&%%s ¢

may B BrolbHic Al SSripatitne . Eatdiipiae dha BimehROaTHicH iheRIbe-Bipnded

arennpdlimitechies arhabtle, a:5katectPhasRiRaie: PRINNAUAIRNAIve molecule,

tetrafluproborate d a hexafluor osphate, Merely by way of example
vgfncgnmay mcluadg a nafura mol%ggle, @n&ude, but %/re ynot imifed io, pDAPI, a

theHaorglccl)ﬁst dye, distamyciz A, petropsin, and any of numerous synthetic minor groove-
binders based on polyamides of N-methylpyrrole and N-methylimidazole. Catalog of
Biotium, Inc. (Hayward, California (CA)), 2005-2006; Boger, et al., Acc. Chem. Res.
37, 61 (2004); and Dervan, P.B., Bioorg. & Med. Chem. 9, 2215 (2001). The crescent
shape of a minor groove-binder is typically created by meta-substitution of 2 5- or 6-
membered ring with a minor groove-binder substituent, which includes, but is not
limited to, a substituted or an unsubstituted benzoxazol-2-vl, a substituted or an
unsubstituted benzimidazol-2-yl, a substituted or an unsubstituted benzothiazol-2-yl, 2
substituted or an unsubstitated imidazol-2-v1, & substituted or an unsubstituted oxazol-
2-y1, a substituted or an unsubstituted thiazol-2-vi, a substituted or an unsubstifuted N-
methylpyrrolyl-2-aminocarbonyl, & substituted or an unsubstituied N-methylpyrrolyl-
3-carboxamido, a substituted or an unsubstituted 1-methylimidazol-2-carbexamido, a

substituted or an unsubstituted 1-methylimidazol-4-aminocarbonyl, a substituted or an
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may be chloride or iodide. [0111] Only one of R1, R2 and R3 must

represent where BRIDGE attaches to the structure. Merely by way of

example, one of R2 and R3 may represent where BRIDGE attaches to
wiheosgrisetfe. As described herein, BRIDGE may be covalebdly/linked/aerat

monomeric acridine dye, such as any such dye described herein, and to

anothssiguitdoiéenonensebigitye] @ farmrsudistisrieddywidylto tovbsbithiead or an

sujiable.mang g@ggm?ye&aoaf%m@t&w@%%93@5&@%%@%%@39% BNA dye

R1, R2 and R3'may be' o ptionally - L-R,, as previously describe
dirFaH djlyévé%“ﬁlhﬁﬁ‘fé‘i‘?é W@WW@@W Srbstimt g0 fiespionstdr U-S.

by pwaw:of syrample rhaimapeMeripactdnedye may have the structure
(Structure 5) set forth directly below. Structure 5 Rz R7 (R, R7R6N N* -’

T WO 2006/09960 T|U52006/ 09910,
St el o e S e SO A e o amd R

of aarmﬁ&rmm@mmmmmammwo the structure;
optionally, one of R2 and R3 is -L-R,, as previously described; when R2

dogg ROt xepresentwhers BRIDEE, %U%@H@r%ltoaﬂl@@tﬁ%‘éﬁ anckis n@k longer
L-R,, R2 is selected from H, -CH3, -NH NHCH3, -CN, and -C(=O)NHZ2;

wHER R b &R rf‘é?‘lséﬁ}‘é?é‘ﬁﬂﬁﬁ‘f:’é?é B pER LR SIRSLYSHHE Sfdcture and
is not L-R,, R3 is selected from H or -CH3; each of R6 and R7,
ind@petidentheyiddnoihal ©1 «BRlatkyinardp fedsnanwberion %@ﬁé@im&es io the

descrbgd. E@rybg \sg%%g é@f@% a1, gach.palr gf adiacent R6 or R7

and R1, In epende R6 or R7 and RI'may in combination form a 5- or

6- memti ered, saturated or unsaturated |ng%£0 ]¥’é ample, the

Ol BTb i SRR, P do AP e A ﬁq&%e%&a% tgEene

eadhidgtisnd 1R2liHd R3mapreseants iketeaBR IDGE witacliesgo thehine bridge

;trgfxl%‘] uEg ye?cgggﬁvslfgﬁe flzjl‘?g’th%at%gnRa7d§a_(\:N|i_é§;aaa,qgargrls aﬁn%@'% 63@ Merely by
way of example, n may be O or 1.

f0124] Substituients Rs, R4, and Rs are independently H or ~CHs. Optionslly, any
adjacent pair of these substitutents may form a 5- or 6-membered ring. Merely by way

of example, Rs, Ry, and Rymay be H.

[Gi125] En general, independently, each of substituents R, Rs, and Ry’ may be H; an
alkyl or alkenyl having 1 carbon to 10 cartbons, optionally comprising at least one
hetero atomn selected from N, Q, and S; a halogen; —ORys; —SRyg; —NRisRyy, a
substituted or unsubstituted aryl, optionally comprising 1 to 3 hetero atom(s) selected
from halogens, N, O, and S. Rg and R¢' may in combination form 2 fused aromatic
ring, which may be further substituted 1 to 4 time(s), independently, by C1-C2 alkyl,
Ci-C2 alkoxy, C1-C2 alkylmercapte, or & halogen. In any case in which any of Re,
Rg, and Rg' involve at least one of Ry and Ry, any applicable one of same,
independently, is H; or alkyl having 1 carbon to 12 carbons, opticnally incorporating
1 to 2 pitrogen(s); or an aryl; and any applicable Ry and Ry7 may in combination form
a 5- or 6~-membered saturated or ypsaturated ring, which optionally comprises af least

one hetero atom selected from N and O.



described. [0115] Merely by way of example, a dimeric dye may comprise
two identical monomeric acridine dye molecules of Structure 5 and

BRIDGE of Formula 5. Asymmetric cyanine dues [0116] Merely by way of
wexanaplesthe monomeric fluorescent nucleic acid dye may R§&A$2006/009910
asymmetric cyanine dye having the general structure (Structure 6) set

forfil Hir dutip yetepreSiueture BIRRZFERBadbEs®) Brld@dRet. R64jGITE 2 —1-R,,
The, %ﬁglitgggé%%ésnucture 6, above) of asymmetric cyanine dyes
comgrises a heterocyclic ring that is a substituted benzazolium ring; a
methane or polymethine bridge; and a heterocyclic ring that is a

suBSH(k&d By AR P8GR T e 0 SR8 gine GHTRRR Qritigrdons,

repreRenls thempiting necessary ioldanumnerfiaae tisetkammatic; O, and S;
rng(s tjonally incorporating .one. or more_nitrogen(s),,which ma
Rl e Rt e R
200610398@5:RP.CT 1L 8R2DO6400981 6:s Hmvirabieréeh i Comprisingpurendwhere
Mase Mikeaen Aam(s).the resulting fused ring is called an aza-benzole

ring. [01181 In Structure 6, in general, each of R1 and R1' on the
benzq?zolium ring,  independently, is H; alkyl or alkenyl having 1 carbon to

6 dAIEEhs & AR RS AR ISR SNBSS E N -NH(C=0)Rr3:;
-NHS(=0)2R14; or-C(=O)NHRrs. Merely by way of example, one of R1
anttRShayibere silbstiRienRIhRL sthRiadesXrep-tocthevizen BROMSE atfaches to
nitrogen, wherein the substituent ¢ least one desirable propert :
s A el o, ety ChCD oot P e glgmeri
onespiRe{rR kY anRE 1R ¢ REGHR 1% itandk RS camnyiaplylicabienone @foeric dye,
same, NGepeRds Dty ISRt AllDaving.d GHRORIQ A GRS meric dyes io

optionally incorporating 1 to 2 nitrogen(s); or an aryl; and any applicable
R1fpmhd Rueinalyin Corisimationfopmod B ot 6 ReeRiseebBs may optionatly be —

L-R,, as previously described. More typically, a dimeric dye or a trimeric dye may

comprise only one —L-R..

(01306} Merely by way of example, an asymmetric cyanine dve may have the structure
(Structure 7) set forth directly below, wherein each of Ry, Re, Ry, Rg and Ry’ is as

previously described in connection with Structure 6.

Structure 7

QHB‘P H R
RCHH B e
P—cmare={ N-R,
Ry X =
Rg' Rz

[0131] By way of exampie, the asymmetric cyanine dye, as represented by Structure
7, may be such that Ry’ is H; alkyl or alkenyl having 1 carbon o 6 carbons; 2 halogen;
—ORg: —SRip; —-NRs1Rip; ~CN; —-NH(C=0)Ry3; ~NHS(=0)R,4 ~C(=0)NHR;s; a
substitgent associated with minor groove binding; or —L-R,, as previously described;
or represents where BRIDGE attaches to the structure. Further, when R;' comprises at
least one of Rg, Ryg, Ra1, Riz, Res, Ryg and Rys, any said one of Ro, Rio, Rii, Riz, Ris,

Ris and Rys, independently, is H or alky! having 1 carbor to 12 carbons, optionally
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saturated or unsaturated ring, which optionally comprises at least one

hetero atom selected from N and 0. [0119] As mentioned above, one of

R1 and RI' of Structure 6 may be a substituent that confers at least one
wienitabiesproperty to the dye. One such desirable property RCDBEASHIMEP10

groove-binding. A minor groove-binding molecule typically has a structure

withoapeescent shapeitbatdis, iotatheyhinat yleaR; btenoistiRsirantBe. R

DNA, Examples of 8 DNA minor groove:binding dye molecule or non- :
TS, P R TRRTD Tt (OB HOEL Bl B Gl ing
limiteiit epRARlyachipeskstidyes: distdetysiramsleopsiiicand ang of X may be
numereus synthetic minor groove: binders hased on-palyamides ok i, aikys
N-?ﬁgﬁ?ﬁ:%%y a%nglrlg-%létﬁ)s%g i%%tgole.~Catalo(ge:1@|’of’éi'otiurgl,]6I %%%r e
(HaljsasrichaSalifratab(T A L2 0UBORO 0B BBYLT CErRismed dpgmpRaero atom

37, 83:42094), 3pdDehRS; PBioRIPOIDr& Matk Chemr., &,224 3u@iRid or an
The crescent shape of a minor groove-binder is_typically creagjs db f
eESSRASSHAGIG ARABREE HOPBETEE rind i SR ROV et 1O
substipant, whighuickudes -t isRaixdinviter) taerbiastititedyorapresent where
unsubstituted benzox%zol-Z- i, a bstitu{)edi_?_r nlurrlsaﬁﬁ?e?titi‘%%g‘ o 1 carbon to
beﬁﬁﬁ{ﬁﬁ’ﬁz?ﬁ%ﬁ? LISt orafthSivatifutéa Benzo mzoﬁ?—yl, a
suhstitetesharoiamivhstitptédnizid azel-@y lattssbstitubetbisr apm selected from

unsy tié%ﬁeg- 9Xazok 2 M @ sUbstied.of Q&Pﬁ}i&b‘?ﬁﬁ%’%@nﬁiﬁ% 126¥% Betero

substituted or an unsubstituted N- methylpyrrolyl-2-aminocarbonyl, a .
sulastin(te dadec frsnduiageed. Wn@t%y%;r@mls%aﬂgcﬁggm%,yadescnbeci; or

SuQﬁagg%%e&mmLﬂa@ﬂﬁ@edaéa-eaewmig@a@a%.oagb@asamig@,aa;yl or alkenyl

substituted or an unsubstituted 1-,methy|imidazol-4-aminoca8k])e(%2

sutheiatel BFaeR 14 W tspaDEYEs PERUEERITRIGEE
ungyhstifuted phengl, a substiuteder an-gRspbsHmigR pyoidyl, sbstituted or an
substituted or an unsubstituted pyrazinyl, and a substituted or
un%%f@f@@%iﬁ?ﬁ%yﬁ%ﬁé& dg’é/“ ?ﬁ%‘%%e%mqé)tail%%ﬁ%’utgg%@g ?ﬁ}%%t?d from
gropvedsinger, sibstitusnbas déscrbeteiridusly. dRetshtd)mplisationpresent where
Publication No. 2004/0132046. [0120] One | ' L Re@80n |
pre %ﬁé%%d%tgaccl e %égt ( %{Ea]%% k% ﬁﬁéﬁgﬁk v(\l?}r]igpr/}e1l8~ SIISTD%CE o
attarthestionth énstnetereptjoadll] ooispsistegted RErAm Apigrs 2ipmgspestad Arom N,

dyEyIgrel X I5507S BRger_SRSCTANANRANY STU ORI NGNS hented
a sifilar dyé W}Illeré‘ln Xis O.
aryl, optionally comprising 1 to 3 hetero atom(s) selected from halogens, N, O, and S.

[, a
% atom selected

Rg and R¢ may in combination form a fused aromatic ring, which may be further
substituted 1 to 4 time(s), independently, by C1-CZ alkyl, C1-C2 alkoxy, C1-C2
alkylmercapto, or 2 halogen. For any Rg, Rg, or Ry’ that comprises at least one of Ryg
and Ry7, any said one of Ryg and Ry7 thereof, independently, may be H; alkyl having 1
carbon to 12 carbons, optionally incorporating 1 to 2 nitrogen(s) or an aryl. For any
Re, Ry, and Ry that comprises Ryg and Ryy, Ry and Ryy thereof may in combination
form 2 5- or 6-membered saturated or unsaturated ring, which optionally comprises at
least one hetero atom selected from N and O. Only ome of Ry, Rg, Ry and R
represents where BRIDGE attaches to the siructure. Generally, only one of Ry, R, Ry
and Rg may optionally be ~L-R,, as previously described. ‘' is an anion, as nreviously

described.



[0122] R2 may be methyl or ethyl, or may represent wherein BRIDGE
attaches to the structure. Merely by way of example, R2 may be methyl or
ethyl. [0123] The subscript n represents a number of double bond units in
WaR)IAStE e bridge and is selected from 0, 1, and 2. Typicaty & dy& Wit
a longer methine bridge will have longer wavelengths than a dye with a
SHbE I thin exBrivise AMETERPIST GaYABIne dih B, eniayup(atrycture &) set
[0324] SLbsiwens BB @ndRoae NdeRBHENtE HiRentHS the sructure
Optionally, any adjacent pair of these substitutents may form a 5- or
6-Ardntbis rsueRieg: M EreRBYNEF HEPEkample, R3, R4, and R5 may be H.
[0125] In general, independently, each of substituents R6, Rs, and R8
mgy-fadrt @n alkyl or alkenyl having 1 carbon to 10 carbons, optionally
comprising at least one hetero atom selected from N, 0, and S; a
halogen; -OR16; -SR16; -NR16R1,; a substituted or unsubstituted aryl,
optionally comprising 1 to 3 hetero atom(s) selected from halogens, N, 0,
a “@ﬁ \R$ may in combination form a fused aromatic ring, which
may bé furthiet, substituted 1 to 4 time(s), independently, by C1-C2 alkyl,
C1-C2 alkoxy{ C1-C2 alkylmercapto, or a halogen. In any case in which
any of R6, Rs, and R8' involve at least one of R16 and R1" any applicable .
onB¥EaMrselin 88 pEAtedftyFRmRleora RRFRAYIHYSL EAVb GATBTES (X gntcal
opfionaly.NcoRaraing timaitogentRcgeanargtranctany applBREFCE of
R16 and Rn may in combination form a 5- or 6-membered saturated or
unE8itrated ring, which optionally comprises at least one hetero atom
selected from N and O. 45 WO 2006/099605 PCT/US2006/009910 )
[01P634RBirncly topreseri whemcBRIDEPuieuHai erinedt ditfuicres that of
m%ﬁ%kﬁfé%ﬁﬁr%§£ﬁﬁ}@%§ﬁ%§@ﬁb§% [91271:B I selesiechiom dyadhe dye,
alkyl or alkenyl having I carbon to 10 carbons, optionally comprising an .
aryfushdast KasPhIaTpRErS ArEmiSEIsEiEPForilN, B° aﬁ)é ¥%a %E%Hﬁ%d s an
]E)r H&ﬁﬂ%&%@ﬁﬁ% @%@ﬁg{lﬁ§g@ Qjﬁ&iﬂ@clu&@?%k&temeam(s,) selectdd, b,
rom halogens, N,.0, and S; a -LR! as i scribed; or ma
e Y SR e e AR S R
as prexiously deseribed: hereinne of A7, A% A%, A%, A%, A°, A7, A, A®, and AY of
BRIDGE, such as BRIDGE of Formula 1, for example, may be a NABEG comprising
a moiety that comprises at least one bond Hinkage that comprises at least one amide
bond, urethane bond, urea bond, or thiourea bond; or an ary! optionally comprising at

least one hetero atom selected from halogens, N, O, and S.

Phenanthridipiumm dves

[6135] Merely by way of example, the monomeric fluorescent nucleic acid dye may
be a phenanthridinium derivative, having the general structure (Structure 9} set forth

directly below,

Strucinre ©
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[0129] Only one of R1, RI', R6, R7 and R3 must represent where BRIDGE

attaches to the structure. As described herein, BRIDGE may covalently

link the monomeric asymmetric cyanine dye and another suitable
wmonemeries dye to form a dimeric dye, or the monomeric a$yFEtHe/ 009916

cyanine dye and two other suitable monomeric dyes to form a trimeric

dye1$sgneratycenlyronesf Riy&dth: REh&ET ARIIRSEnaaoptionallibpestructure,

L-R,, as previqusly describe Q icall Imer IMENiC o
asymhnetiop reliye icy '

directhy below.swhetein £ach A BIBREEE, (REARGRRS ARGV may
described in connection with. Structure 6. Structure 7 CH3T HR6 p\H_M_ .
H mediRy ReTPPUG IS TFBYdn A BT Blinipleotre sy riahie aiase, ¥ 15

asaﬁeﬂﬁi?Q&?@e%t?stlguggyggbgd,may be such that R1'is H; alkyl or alkenyi
having 1 carbon to 6 carbons; a halogen; -OR9; -SR10; -NR11R12; -CN;

-NH(C=0)R13; -NHS(=Q)2R14: -C(=O)NHR15; a itk i ,
WA BTEE G R 3o YR LA L e BB ot
re preients wiidrecRRIDGEERwHL BRI RotHosule SFRuHermwhdmmie dye.
comprises at least one of R9, R10, R11, R12, R13, R14 and R15, any
S21 5 01RS BiOnRI Bk & BiANEE Hoiesiependetilyadishienmsy
alkyl having 1 carbon to 12 c_af%ons, optionally 46 wo 2006/9{??969? et directl
P O S ZOUEI0690 T CETIBRAR G L RIS 6P S AT e drecty
whgndgl' comprises R11 and R12, R11 and R12 may in combination

form a 5- or 6-membered, saturated or unsaturated ring, which optionally
coprises, at,least one hetero atom selected from N and O. X may be

ser§l g ﬁr? 0 and S and n may Qe selected from 0, 1, and 2. R6 may be

H; alkyl or alkenyl having®l c§rbom3to ;l\]Q c%rbons, optionally comprising at
least one hetero% "015Ad S: a halogen; -OR16;

-SR16; -NR16R17; a qunsuEStituted aryl, optionally
comprising 1 to 3 hétero ato (s) selectéd from

[6139] Certain cationically charged xanthene dyes are known to bind to nucleic acids.
For exampile, pyrom’ﬁ Y, in which Ry, Ra, Ry', and Ry’ are methyl and Rs, Ry, Ry R4
and A are H. is a known fluorescent DNA binding dye that has been used for DNA,
gel staining. Adkin, S., and Burmeister, M., Anal. Biochem. 240(1), 17(19965. A dye
having the general skeleton shown in Structure 10 above is expected to have similar
nucleic acid staining properties and to provide other fluorescent colors. For exampie,
pvronin Y has an absorption maximum at 548nm and an emission maximum at

565nm, providing a red finorescent color.

[0140] Merely by way of example, in general, each of Ry, Rs, Ry, and Ry,
independently, may be H, or C1-C6, inclusive, alkyl, optionally incorporating 1 to 2
hetero atom(s) selected from N and O, Further merely by way of example,
independently, at least one of the pair Ry and R, and the pair R;" and Ry’ may i
combination form a 5- or 6-membered ring, optionally comprising one hetero atom

selected from N and O. Ry and Ry’ may be the same and Rp and Ry’ may be the same.
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halogens, N, 0, and S; or -L-R,, as previously described; or may represent
where BRIDGE attaches to the structure. R7 may be H; alkyl or alkenyl

Wgazyjl{})%g'lg&grbon to 10 carbons, optionally comprising an a@é?%zﬂﬁ&%ﬂ%m

one hetero atom selected from N, 0, and S; a substituted or an

un tuted optionally comprising | to 3 hetero atom(s) selected
fromtlo 3%@?!%‘6%@8; %ﬁ?ﬁ%% PYERAETS I Bé@cﬁ%é (Bt aikagpes to the
repiesentnhsieBRINGEARACRERI0, he airusture R8 paxdriaalihal,

alkenyl having 1 carbon to 10 carbons, optionally comprising at least one

he tom selected fram N, 0, and S; a halogen; ;OR16; -SR16;
B R T KAk o bl s, Botmay 5 may be H o
cofpi@inindited hdietoRdRn(Shseletted fiorbhmlogans, Nadcanehy,af least

-L-R1, revioysl cribed;.or may represent where BRIDGE .
attaehes & aé“xs%ﬁj% %ﬁgi.’ é@-pna%{}%nﬁ ,‘[RAI c?rag;%én??%g‘&in@i 5B o and
10Rgarbepsrirolubiveliaptionalyscamprisnghatde agiOnenhelesgateaturated or
selectetd from N ndsS: a alot% n; -OR16; -SR16; -NR16R1,; or a

Jikel {I&l ed

e d. subs o ..
substltuutléaée o’rsgnqu%% Stittitet Sta’iry, Optionally comprising 1 to 3 hetero

atom(f?%iselected from halogens, N, 0, and S. R8 and Rs may in
coffibthitdisdint Lfugd apprhakic Allgrawhicr My Be fisthesic Subetiendl. is a

1 t&:écﬁﬂ&eéﬁ)uﬂﬁQQ@@é’iﬁi@.ﬁﬂjyd@éﬁ%‘@%@%e&ﬁfﬁh@%%ﬂlﬁﬁ%ames to the

alkglmercapto, or a halogen. For any R6, or Rb that comprises at least
one¥FRis and R17, any said one of R16 and Rh thereof, independently,
may be H; alkyl having 1 carbon to 12 carbons, optionally incorporating 1

to Nikitdd§emys)mor eifarf.For,dhy aRE ARBaanbRE thahernBRIEES Ritiches to
ang R17, R16 and R17 thereof may in combination form a 5- or

6-membered saturated or unsaturated ring, which optionally comprises at

least one hetero atom selected from N and O. Only one of R1', R6, R7
antPRE | & pFce MOl HE REBIRIDE E2atrildes to the structure. Generally,
only one of RI', R6, R7 and R8 may optionally be -L-R1, as previously

de§erigé di voi srencaman xastprayidushiodeserhe & tdieWO1 2006/00%605%0n with
P 320 1Q [0132] In ope example, an asymmetric cyanine
TESER

dye facture directly below, wherein R7
represents where BRIDGE attaches to the structure and 'P is an anion, as

pré@?oﬂ%l?%é(ﬂﬁ@ﬂ?%&ﬁ?@egmm nuclei acid stains, such as DAPI, DIP], a
Hoechst dye, LDS 751, hydroxystilbamidine, a styryl dye, 2 merocyanine dye, a

cyanine dye, or FluoroGold, merely by way of example, may be suitable for use or
may be derivatized to be suitable for use as described herein. Haugland, R.P.,
Handbook of Fluorescent Probes and Research Products, 9 edition. It will be
understood that a large number of other monomeric nucieic acid dyes may be suitable
for use or may be derivatized to be suitable for use as described herein. The dyes may
either be direcily comjugated to BRIDGE or be derivatized so that they can be
conjugated to BRIDGE using synthesis knowledge.

[¢148] Non-Fluorescent Nucleid Acid Dyes

[0149] In general, non-fluorescent nucieic acid-binding molecules are nucleic acid-
binding molecules that are non-fluorescent or are toc weakly fluorescent to be useful

as fluorescent mucleic acid dyes. Non-fluorescent nucleic acid-binding molecules
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v, OH, HH H 5[0133] Merely by way of example, a dimeric dye may
comprise two identical monomeric asymmetric cyanine dye molecules of
Structure 8 and BRIDGE of Formula 5. [0134] Merely by way of example,

win Adduosescent nucleic acid dye, such as that of Structure Ag forsexsmgpleso
when the Q1 dye constituent is an asymmetric cyanine dye, such as any

of SleueluERs SrdoriReaxamile: and-heddd dyeConSUlIEMdS RRthetic or natural

asymmetric, %ani ne dye, such as any of Structures 6-8, for example, a
surl?flég%ﬁ 35’,1%, 1[dipe0la7uisiy i of BRIDGE, such as BRIDGE of Formula

1, for example, may be greater than three, or at least one of Al, A2, A3,

A, I1H8 Apnehaof ane- Bt BR ySEisuthasBRI BeE ol farmulaitic acid
for exapmple roanRe A NARGRLOIMRISING a@imﬁ%‘iﬂ%&@fﬂ%ﬁ%ﬁm non-

least one bond linkage that comprises at least one amide bond, urethane
boRHOTHESmHAHES BFHIS R BBIGH; B Bindaryr it sty éontpisnsgransidered 1o

leass @ﬂ@rhgt%@,m @dﬁfgg]ﬂﬁ;@ml@@p@%@t#\!ﬁo@’ﬁgﬁﬁﬁmam, for example.
Phenanthridinium dues [01 erely by way of example, the monomeric
ﬂugr’é@é}ﬁtg ALt SFSJS% figg acz\?%«%%&ﬁtﬁm G et @0t limited to,
haviiig e g eTreral stiistturei¢Biviit o). Setitarth HigastyGeedanRasic Blue 66,
Str -N* Ry, +.48 006/0996 . o
B0 OB b G4 P o (e DAY il a9 Sieins-AL
BRIDEE attathebiid tedeucide, 131(RBUGN Mol dehestldystoud thaifable from

manycesiasiensal Stcle AbOys g oseibls,apd contemplated

herein, via a variety of techniques, such as synthesis techniques that may
progzide for the attac ment,gf BRIDGE to the structure elsewhere or that
may ‘

lotescent pon-nucieic acid dves

[015%] One of the monomeric dyes Qy, O, and (s may be a fluorescent non-nucleic
acid dye. In general, all fluorescent dyes that are not normally considered fluorsscent
nucleic acid dyes are considered fluorescent non-nucleic acid dyes. Herein, the term
“fluorescent non-nucleic acid dye” generally refers to a fluorescent dye that is not
normally considered a nucleic acid dyve. By way of example, the dye may not
normally be considered a fluorescent minor groove-bimder or a fluorescent
intercalator, Further by way of exampile, while some fluorescent non-nucleic acid
dyes may exhibil some weak interactions with nucleic acids, these interactions are
generally not sufficient to cause significant fluorescence speciral changes te make the

dves useful for nucleic acid detection.

{0152] Various fluorescent non-nucleic acid dyes are commercially available from
various sources, such as Biotium, Inc. (Hayward, CA). Examples of a fluorescent
non-nucleic acid dye inciude, but are not limited to, a fluorescein dye, a sulfonated
finorescein dye, a rhodamine dye, a sulfonated rhodamine dye, a cyanine dve, 2
sulfonated cyanine dye, a coumarine dye, & pyrene dye, an oxazine dye, and a Bodipy
dye (Molecular Probes, Inc. (Eugene, OR)). A suitable fluorescent non-nucleic acid
dye may comprise a reactive group R,, as previously described. A suitable fluorescent
non-nucleic acid dyes may be derived such that it comprises & reactive group R,. A,
suitable reactive dye is covalemtly attached to BRIDGE via R, and 2 suitable
functional group from BRIDGE.
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modify the structure to provide a dye with any of various desirable
wavelengths. '-If is an anion, as previously described. [01371 Merely by
way of example, two monomeric phenanthridinium dye molecules of

wBtrustores® in combination with BRIDGE of Formula 5 may ¥OE Seeieiesiy o
dye. [01381 Merely by way of example, the monomeric fluorescent

nudlHiE3adeldyemay. heiabiarfthenecderivaiiva chayngitlie-0eneraboend on the
strugture %Structure 10).sef forth €{jireclfg below. Struc%ﬁeﬁlo R R R R2N "
O TR RETTS RV CATHG o e A B B RS RN D SR icire
dyesidrdyknbvwidtbebibid to frutleic mtigtaol i exdimplerifiyioniniMpgrivdichives.
R1 ' . R4 R4 and Aare H, is a .
o Oy S e B (R R o e
stafifiEPRaIsRc SR Y BupaTerreoivie AP BRISHEMOZEOC1 e (1 90@)ucous
A GiEciiERgIROLRET 8l SKRIFIAN 8PN I SUMERHE LAEPAYRHS other pairing
expected tg have similar nucleic acid staining properties and to provide
otH@Pﬁ?fBPé’&%’ﬁt%dﬂﬂ?%bFfWﬁﬁple, pyronin Y has an absorption
maximum at 548nm and an emission maximum at 565nm, providing a red
reRdaressiit 101-40¢ dieaely duesvay of example, in general, each of
RLR34RA paReR % idePERH HaQLS1:G % pclugive, alky
opt_il;f)ﬁha! in%orpggsé%t?ﬁégf%o %&%%?gr}'ggg%g%’n%% g’é?%%tge%%grﬁﬁ%llgf%ég %‘?% lé)'(’e that
FuFﬂwB?‘%@réW%?SW&E/ MeRErisiteaciitipbpge AlTh 4t fBastosravriiveysaft 2s 2
RlmpeR2radihapair Rl aneiR2 maydn.compipationfoyma ar Uzample, 2
6-membered ring, gptionally comprising one hetero atom selected from N
an P REC R TRAE R, BRPHHESalie AFEP RSBREPRS ity BB Sareching &
49 INGIRCHH6/0996 AR C T SROOH/0NNES, 10441 TR6ERLN PR RikcRAdacid
R2'.may. represent where BRIDG taches 1o, the structure. tigngll f
ond B RS R S P LSS R P R TRRABens of he
Medenphylinay chexantiple]lRs R Rk anptid,, findépendendlythenayehebbt are

OF separated, thereby releasing the fluorescence signal. Purther by way of example, a

feaal

non-fluorescent non-nucleic acid dye has been wsed o design so-called TagMan
probes for gPCR. A TagMan probe conmsists of an oligonucieotide, which is
complimentary to a target DNA sequence, a fluorescence donor dye attached to one
end of the oligonucleotide, and a quencher attached to the other end of the
cligonucleotide to quench the fluorescence of the donor dye. During real-time PCR,
the labeled oligonucleotide binds to the target DNA, which causes the oligonucieotide

to be enzymatically cleaved, thereby generating a fluorescent signal.

[0255] A non-fluorescent non-nucleic acid dye may be used mainly as a pairing
partner for intramolecular dimer formation, which is responsible for the reiease-on-
demand DNA-binding mechanism. The non-fluorescent non-nucleic acid dye shouid
be s0 chosen to ensure minimal FRET between it and the fluorescent nucleic acid-
binding dye it pairs with following DNA binding. In general, fluorescence loss of the
fluorescent nucleic acid dye due to FRET should be minimal, such as no more than
about 70% of the total emitted fluorescence, for example. The selection of the non-
fluorescent non-pucleic acid dye may be based on an evaluation of the emission

specirum of the fiuorescent nucleic acid-binding dye and the absorption spectrum of
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C1-C3, inclusive, alkyl. R3, R3', R4, and R4' may be the same.
Independently, at least one of the pair R3 and R1, the pair R2 and R4,

wihanaisR: and RI', and the pair R4 and R2' may in combipatier daimede o
5- or 6-membered ring, which may be saturated or unsaturated,

SURsipesh aruakoleth [00AS) dtd bl e finle B i/ ol the

Iphatic linker and Rr is a_reactive group, as previously

debesibetner riphalseRRts tirele BRITGE MakHEs &5 PGt fo128pther
Only.ane Qf RLiRAfRniR 2 ane A mayderigsenhwhesaBBIIGER so that the

attaches to the structure. [0145] tP.is an.anjon, as pteviously described. .
OBRSTRABE RATE Gt R IR BF B CATE Lot St ciency
copphimation witherRRID&GEIef fotnelagimayorof hdiisindiren]al gppration

O >gmeric ﬂuore%cent nuclei acid stains, such as DAPI, DIPI, a

ther mo
Ho%&ﬁ%?rdq 5,%?5%@%%, y(SJ'I'roxystiIbamidine, a styryl dye, a merocyanine

dye, a cyanine dye, or FluoroGold, merely by way of example, may b .
PR R A A T e T S

hepgingHauglan R, nbtandheo ko iAFTagceni ®ibks @hskiRe Sedrptriand),
Products, 9t" edition. It wil| be)n%?der tood t aLﬁ

| foth
mdFBRke O RiLRRTBREd SRR A Ph S TALSIE ecg{‘%?{’n‘%%qayn%g ReWelo, ca,

or use

dervapzeDde: le:suitableDiQ) from &podsBilretthere{Bolisd dyesmagipn), IOWA
either be directly conjugated.to, BRI r.h vatized;s ihattheneanom
be%i%cr?‘j ng\g[% 0B %ﬁg é"’ud s?rjig‘%y%%gé%oﬁ% degidg e.[0 148%3’
Nokifikmotestenth iste{@viet.0385 [01491 In general, non-fluorescent
nucleic acid-binding molecules are nucleic acid- binding molecules that
areypansHiugrescent or are too weakly fluorescent to be useful as

fluorescent nucleic acjd dyes. Non-f uor.escentgnucl ic acid-bin i@gﬂ _

] ' i titat
T SR 3068/ BBBOR b CTTOSIBDBIOUT i qendiaive
noReHLareseent (RS, dtithbidgaipes! anthdblorrsssregrthwsiclor A detection
natgal pclete et indng Mlecles (00 AR TR Rbun of 2 product of a
non-lﬁuorescenFIc‘fyes ave been used as'colorimetric nucleic acid gel.
staRGRRetathreMitie fudresesroricio seier Seratlndiairdmideing a PCR
theﬁﬁiﬂﬂ&hg gPCR, one may not only quantify the original amount of 2 DNA sample,

but may aiso obtain sequence information. The semsitivity and specificity of gPCR
makes it highly useful in a number of practical applications including the diagnosis
and prognosis of diseases, and the identification of species in agricalture and forensic

science.,

[6158] The use of & dye in gPCR may involve adding a solution of the dye and other
components suitable for a PCR reaction (such as an amplification enzyme Or
enzymes, a primer or primers sufficient for amplification of the target nucleic acid
sequence, and deoxynucleoside triphosphates, for example) to a solution comprising a
DNA sample in a tube, placing the sealed tube in a qPCR instrument, and recording
the detected fluorescent signal. The Ct value, or the number of cycies required jor the
fluorescence signal to reach an arbitrarily determined threshold value, may be
recorded. The Ct value is linearly related to the log of the DNA sample copy number.
Using a standard plot of Ct value and the log of DNA copy number, one can
determine the DNA. copy number of a DNA sample based on the Ct value. Merely by
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fluorescent dyes usually have much lower detection sensitivity, but are
considered to be safer to use, such as safer in terms of toxicity for use by

whuRasedar example. Examples of non-fluorescent nucleigagigiainglings 1o
dyes include, but are not limited to, Nile Blue, Crystal Violet, Methylene

Blue, Thionin, M | Green, Basic Blue.66, ' , in
s‘ﬂﬁféHH&%BWuE%%@ﬁ?&%%’&%%O SRR B A ROLRE AlRes s,
ApaliBinghem. 240, 17 (1996). Most of these dyes are available from
Aldrich Chemical Company, Inc. (Milwaukee, Wisconsin). Fluorescent
nograsicisic Aeddues [RirddOnentite smimnersticaye HQraB2narnith@sd to,
may beé a fluorescent non-nucleic acid.dye. Igg?T%Eaé %fé filltg?r@sgggéad cells
dyESAnEeAFdaHER ﬁ%ﬁﬂﬁﬁ?%ﬂ%ﬁ?&eﬁ%&% AT hucleic acid dyes are
congideraa-lupreseanbaannisieicaciddyesiHetoinstheltegorescent nucleic
"flugrescent non-nucleic aci d(g(g" qu%félly%ggé%@tlg aflugiescanbAYSith any

thitfs W6t RBInAIPESRsTdarad anucleic Ac ye;.}L y way of example,

theddieymbeaeni(sormihy bargonsiderennrifebre ScEINLERh s comprse a pucleic

000y RIS GhATHAIPIREIkNIBIEARIAGT VRO MidiARICAMP R Hicent
e i

WI‘BfI}éSDO luorescentnon. nucleic’acid dyes may exhibit some \{c\i{etakt‘ "
interaution twith naSic RETROR S HSBREIG RS r O BRITEFRII oo ectne e

suffigientdn carse significantfuereseensepspastral changes to make the
dyes useful for nucleic acid detection. [0152] Various fluorescent

nop-nucleic acid dyes are comme[ci vail 0L SQUEERS,
suwﬁ @bﬁ%ﬁ% ,Hffall%.%ﬁ-fgﬁ aé?é‘f}%g)_ %(%r%i%egfé %%ﬁ?ﬁ%jﬁt REEESoy way
novE exmiei attic dyening bd e1adatinie mBpHEEHeR SO SUSRPH ent or 2

sulfonated. o rgﬁsﬁ;%fb@%%ﬁifhQﬁﬁﬁﬂmedﬁ?gﬁzﬁg&%&da{ hodandifgration of
dye, a cyanine dye, a sulfonated cyanine dye, a coumarine ﬁ*)ée, a]%/ren

AT O Hl (ih EEB Se e T I BTOBe SR b FgRRE = ©f

ene,
ORMAisuilbliadluareseeninannuelaicacidndye mayooinptise with a suitable
reactive group Rr, as previousl d§;§cribe{gl.S suitable f|l&0r 393@110&; fimited to,

noRLETEftELEER Ty a8 IS aarvEs SIERT Uatfoifl’clcl)lrcr%grl%es a reactive

graupdr, PRSShitaklesendive Whfeis Eavatgntlyhttuictidd BRIDGEVIE for the
and a suitable functional group frg IDGE.,51 WO 200010996080, DME,
P 53561305916 O%&%gélélie%ﬁ)%’of a suitable fluorescent

nomeiheteiconcidiape Heystbaiairbaniethen diluted into a staining solution with &

desired final dye concentration using a suitable aquecus solvent, such as water or a
biological buffer, for example. In general, the specific dye concentration for the
staining solution may be determined by the nature of the sample to be analyzed and
the nature of the analysis being performed. By way of example, in general, a staining
solution for use in conection with a cellular sample may have a dye concentration of
about 1nM or more, or up o about 100uM. Further by way of example, in general, a
staining sotution for use in conmection with an electrophoretic gel may bave a dye

concentration of about 1M or more, or up to about SOpUM.

[6161] A method of staining nucleic acids using a dye may be determined by the

nature of the analysis being carried out. In the staining of nucleic acids in cellular or

tissue samples, which may or may not be pre-fixed, the samples are vsually incubated

in a staining solution for a few minutes to 2 hours to allow the dye to permeate the

cell membranes and combine with the nucleic acids, In some cases, nucleic acids may
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other pairing monomeric dye or dyes, In general, a suitable fluorescent
non-nucleic acid dye should be able to form an intramolecular dimer with

the pairing dye or dyes. Intramolecular dimer formation is %Eica”%
WELHFHE (]By a significant change in the absorption spectru OF e

onge of the component mpnomeric dyes in an aqu media before an
EF FRE oMb MENEBY 813 GOULIGH A RRREE e SHHBPBaAG S O crude cel
manameridrdyeocayssinyBRGiadMNon dluorescentinesimiicaic aaidieic acid
dves [0154 eneral, the_term_'non-fluores -ngcleic acid dye”
oI, PRSI, e e A GELARE MR AR o, e
dystiengénelrsiliiolise pragatifiodrisderecguenchedsr 2 ER BY-ased example, a

appHERNIQR. iy, WAl £XaMIRlS. A BURIRISNTeRCRIiase: SUPSIRLE NaStionship
been constructed by covalently attaching a fluorescent donor dye to one
enBOV e SptiaBORALCS RO RIS ESCERRCRRS- TRIERSIE &1 baywsethr quantitation
quenchies, tertheathen eneof theupentideatawestihhedivnrescente of certain
the,_donor. Upon enzymatic cleavage, of the peptide, the donor and the
QR b R AP E ) TRAES RHC ARG G iot o e o
Furtaesthy, dayeofrepiampleahad tefluaias cerita suob cleicnaicid dlyey hbp or any
been used.to design.so-called Tag es for A .
oo o S TR R, e O E g o oy
DNwpggeriiepidsoreivernchdonticdye hgacistdciecoheompdsgigeatrix, or (o
oligpnuglepuds. Aad.a.gue Q:lﬂ?F[ Q}t@ﬁﬁ?%;ﬁé%l@a@@ ra?ﬁ%ﬁfugh%ng for a period

oligonucleotide to quench the fluorescence of the donor dye. During
realiHreepiearell oRetpIBBIiRR S gBRUREHRC FIRBEH5E target DNA, which
causes the oligonucleotide to be enzymatically cleaved, thereby

geniétatihg afflvorescentigipial {01684 Anopifiucrescént dgpeirdcleibacida its
dye may be mainl i rtner for in . Chixr .
o S R ool
methartisnnd Hewehvlsorsecehbherisiclait aetelyebHogungss gy absorption

chogendp.enswamiinalFRELBrIWesnit apd ths Maresesat ilGigiGeic acid-
acid- blndlngedye it pairs with following DNA binding. In genera

|
lucHEs CRMBE ToRE b PMex 56 rBE Nt Wek 8Tl Saval@ e TP ERE Eh 8 P Omen.

be wiimnal: SUehas BauBoHe thaiaahcitnl % afHbe ataleofiiietransiuminators
fluorescence, far e amg)le. '[hetsele%ion of tr%epnon-lgu re %%Qetscent cional ma

noﬁl-srffgc ridg%%c‘lféf’ & %{}pgelcga@g N an evaltiation of the emission - Y
spdetrineadihe fluokescestmueteic sy 4sipbing chferandithesaliser pioncmeters,
Specﬁ}erxﬁmn? ]Z:ounters, and flow cytometers, for example. Further by way of exampie, the

fluorescent signal may be made by visual methods, such as visual inspectior or

photographic recording, for example.

Svnthesis

[0163] The synthesis of a dye may be described in terms of synthesis of the
monomeric dye constituents, synthesis of BRIDGE, and conjugation of the
monomeric dye constituents to BRIDGE. Syntheses of monomeric dyes and

monomeric dves comprising a functional group or a reactive group are now described.

Svnthesis of the monomeric dyes and functional melecules

[0164] Suitable monomeric dves and monomeric dyes comprising a functional group

or a reactive group may be prepared from scratch by a knowrn procedure or any
5
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52 WO 2006/099605 PCT/t1S2006/009910 the non-fluorescent dye.
Ideally, these spectra should have minimal overlap so that the

whugresssnse signal loss due to FRET is minimal, as descripeg /abamennss1o
Another possible way to minimize FRET is to use sufficiently long

BRIRSE O@%ﬁ@@ﬁﬁé}% f4oreRE8A68 Signatioss dueRIRET s MiRIMakasdy has

described above, as the efficiency of FRET is dependent an the in\ﬁerse

siatAHaiE P fEREA Rt O RRGHIFS AP BRI T SRR RABRE Provered
dygsn{0dbehExamplesatsenimeattialivayailefevnonafipbee seat commercially

qguenchers which ma Ef3e useful include, but are not limit , ¢
P B RS O B HOIE SO EA 0, B e are o
Bidsearitedbcotogies, Inc. (Novato, CA), Eclipse Dark Quencher (DQ)
from Epoch Biosciences (Bothell, Washington), IOWA Black (IWB) from

Integrated DNA chnologles( okie I -and QSY from
Probe.\ ugdne, OR). Methgd se [01571 A nugleic.asi x
desg¥ibed héfeiuﬁ maklftoe partidlilarty udefulin d|‘{1"%mtit::l%ttlj\%f}%rgeal-timé4 pCR Tl
(qPCR). Using PCR coupled with fluorescence-based DNA de{egtion.¥ia

a fluoresgentnmstiisic acid dye, orfé" 1%y 8Btermine the amount of a

product of a PCR process without having to stop a PCR run or to sample

the reaction during a PCR run. Using gPCR, one may not only quantify
thejergsinatiamauithef e NAusamphesibut prepsaibecobtdinede duenserocedures
information. The sensitivity apd spegificity of abGR. makes ithighly,useilica,

in & niMbers prgc%caflappllcatlohs including the diagnosis and ’

progrnsie bk dibEakescamiape ide ntfcasorEPepbaeeia higricmaeraRiiho, &
forgpsie, sciencs, [158] Theruses,a die JBsaRCE mayHn@lve addiogen. 15,

solution of the dye and other components suitable for.a PCR reaction -
(su&%ﬁs@@%mgﬁn@aﬁé%ﬁ%ﬁﬁé%%mﬁ%*eg? ABMHEPS PARFERDS 2 suitable
sufficigaifarampifisationabitheuergetinuclaicasicbeguenedd andivalent in the

deoxynucleoside triphosphates, for example) to a sojution ¢ risi .
ONPSEHE DB B SN T & R o i
recording the detected fluorescent signal. The Ct value, or the number of

cyclésdRérstidor the fluorescence signal to reach an arbitrarily
determined threshold value, may be

alll
|
R N
= 3 He = UPC LN m
(R%_;(; | —— (R COsH . (R4 m (B4
N ZnCls, A

10167} In Reaction 1, R', R” and R are suitable substituents, as further described
below. The diphenylamine starting material is either commercially available or may
be synthesized from a suitable arylbalide and =2 suitable arylamine using a known
method or any suitable method. Yang, ef al., J. Organomet. Chem. 576, 125 (1999);
Hartwig, ez al., J. Org. Chem. 64, 5575 (1999); and Wolfe, et al., J. Org. Chem. 65,
1158 (2000).

[0168] The nature of the substituents and the position where the substituents are
attached may have a profound effect on the spectral property of the dye. In general,

electron-donating groups at the 2-, 3-, 6- and 7- positions will increase the absorption
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recorded. The Ct value is linearly related to the log of the DNA sample

copy number. Using a standard plot of Ct value and the log of DNA copy

number, one can determine the DNA copy number of a DNA sample
WHaseel8the Ct value. Merely by 53 WO 2006/099605  FCT/US2006/0G5910

PCT/US2006/009910 way of example, PCR amplification plots using

selodteniigsien Ay Rpeths iATHRTES & PRl SHEUOR-fOREHIOMFIPUZE B =

a Hﬂﬁﬁesgﬁdﬁw%ﬁe&&%&qiﬁye%mﬁmd@,mwm ligrites to hyaMbAYI group, an
guantitation in solutions or gels, staining of nucleic acids in Iiv? ogdea%t ical
ek MR i R QL W SE RSP ?&é?%}.yéveaﬁré)ra%? Euseora?

flugerserriduaigiGrasithtyemayetmpsisercantalitguine gyspopticiiatpmino
in combination with any additional reagents), with I wr .

cofhpHied 6F igl\%%ﬂ ?B’dé) mph sg% %ﬁn ok 5‘?6 %c% ?ﬁﬁ%@%%%%%hﬁ gvﬁ1r§liédraw1ng
theresultinbendixosic of wilk aodsartislelforatkaffoik anissitsuneorergise! the
allow formati N ic.acl I HaNdJeLectiRENe perfinoroalkyl
TSy Escon i S S At o ?é"?fplexe?%%é?gﬁhe e may
begrEparsd HERERIETSE A d eScRHPRERS IBFIFRYRY A dtiyicarbonyl

exgmple. dhaidyeymay.be,madarinie;sasios Saliio i ingrasudguenugoup, an
solven or a water-miscible and piologically compatible organic splvent %t ical
a COREaRTRARIHURG S0 thaA 3B0LT 251" m?ésgf)'ﬁgt(i%é}‘dgn rﬁﬁ'eﬁf)lr%?m P
stainipgosolttiona kX pRies iy tuitablemogreopsasaibrtsstial mayher a halide
used alone or in combination with a suitable organic solvent in the making

of &dYE stock solution, include, but are not limited to, water, PBS buffer,

and Tris buffer. Examples of suitable organic solvents for the making (%Ia ]
dy SOSEBKIE GRARSH, ARSuENS ASTidMeEt HrETas PHisBS BRVELogRaRaEYAed
or gthanoh.The-stosksolwion isHhem dilseginio & slatidgseksidnandtng or 2
desired final dye concentration usingﬁ suitable aqueous %ve%dﬁ%%a as, -tive
walgPgionah B Arb R PSR ‘ﬁl@. in"gEferarthe specific dye

congentr atisrdan thenjataieing: sattidir mgy te BRIOGEINS ry-ihe syatoleoiking
the sample to be.analyzed and the nature e IS, PEINg, . i
pe%?ﬂ?gb?nﬁya\?\%%?% exXal epfgfefn ggﬁr?eara u%%t%lrﬁ?r?g%go%%gﬁ%r usgg%%natlcaﬂy
contictionadith Schethaladsantiplbchedy have a dye concentration of about

1nM or more, or up to about IOOuUM. Further by way of example, in

general, a staining solution for use in connection with an electrophoretic

gel may have a dye
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concentration of about | M or more, or up to about 501.iM. [0161] A
method of staining nucleic acids using a dye may be determined by the
nature of the analysis being carried out. In the staining of nucleic acids in
weptularorotissue samples, which may or may not be pre-fixedy/igoss/009916
samples are usually incubated in a staining solution for a few minutes to 2
hotrsetosallow the dye to permeate the cell membranes and combine with
the nucleic acids. In some cases, nucleic acids may 54 WO 2006/099605
PCT/US2006/009970 be present in the form of a solution comprising

purifled uc e| acids or crude ce I extracts. In such cases, in general,
addltlostock solutlo slgic acid solution should resultin

an ristantany e,usfy detecta%f)e fluo seence & I the strength

is proportional to thesamount of nuc |c acid. Vof é?%nml@mmm
titration cur

is shown in Figure 7. subetaﬁtPaHy—HﬁeaHelatlon tifﬁ’ q
.

between té amount of DNA and ﬂU”ca, stence mﬁ%nsﬂy can be used fofHcHa:-
quantitation f.LANA, or when cell extr@ t is used, estimation of the o
number of e?llf§’* In certain mstanceis N q&%tﬁlgaggld may be embedded in

an inert X~such as a blot or gel, awest strip, for example, or attached

to g sohd-syrtaee, such as a mlcroatray chip or any other solid surface,
for example)lﬁr such cases, ing aining is carried out by applying
a staining sglution to the sutfas gteic acid-comprising matrix, or

to the surfage of a microarray ChIpOQ’QOthEP'@OHd surface, and incubating

for a perloa“ sufficient to allow formatffiéf'tlye-nucleic acid complexes.

[0162] A fluorescent nucleic acid-dye complex may be detected either via

its emission BFexelation. By way of example, the fluorescent nucleic
acid-dye cotnplex may be, and typicall excited by a light with .+

waveleng or near th@zabsorgtm m wavelength ofFtp’ei:(\j/\]\mHsh

corfipléx. ther é5?”W<';W6f*example the nuc e|c acid- dye complex mag

be excited by UV light with wavelength from 300 nm to 400nm, which i

common SOLB/I’CG of-axcitation light available on mo&t'of the i translumlnafor’\”

used for gel visia g applications. By way of example, the fluorescent

signal may lae detect&d via various instruments, such as plate readers,

microscopes; ometers, quantum cgc’fuﬁteféﬁand flow cytometers, for
example: way of exampleythe fiiofescent signal may be made

by visual mett%idys such 8¥'¥istal mspectloSs:FQ
CH) \z/—cﬂgscﬂgaoeu

[6170] The 9-position of 10-alkylated acridine may be readily substituted with a
cyano group, which can be further hydrolyzed to a carboxamide group, as

schematically illustrated in Scheme 2 direcily below.
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photographic recording, for example. Synthesis [0163] The synthesis of a
dye may be described in terms of synthesis of the monomeric dye
WCO%{E%%”ES’ synthesis of BRIDGE, and conjugation of the Jnon @gﬁg}gﬁggw
yze ¢ondtitents to BRIDGE. Syntheses of monomeric dyes and
monomerjc dyes comprising a functional group or a reactive group are
n ibed. Synthesis of the monomeric dyes and functional
molecules [0164] Suitable monomeric dyes and monomeric dyes
comprising a functi up or areactive grg ?\N be prepared from
scratch by a kne QGeture or any 55 VMQIMQS
PCT/U52006/009910 suitableypreeedure, or by mgarifying commercially
available material that already has a suitable or desirable core structure.
Many monomeric actigiine dyes may be prepared. Jrom commercially
available acridine dyes. A few examples of a commercially available
acridine dye that may serve as suitable starting matgsial-for synthesis are
set forth directly below. H2N NNH2 H,N N NH2 (CH3)2N N N(CH3)2
Acridine Yellow Acridine Orange 3,6-diaminoacridine [0165] Other
acridine core structures may be prepared according-tQ known procedures
or any suitable procedures. Albert, A., The@gimix preparation,
physical, chemical, and biological properties and uses, Edward Arnold
Ltd., London; Eldho, et al., Synth. Commun. 29, 4007 (1999); and
Joseph, et al., Bioconjugate Chem. 15, 1230 (2@@4). An acridine core
structure may be formed by condensing a suitable diphenylamine with a
suitable carboxylic acid or a carboxylic acid equivalent in the presence of

a LIBHAE] diet hads BB PRATIBA Iy ANHS R RE Re ATHBR H XA BoflyRs have been
[0100}Reacton dotR'M ar; (r)4 Rz GREHSR)0B)4 $tch] ZAGd 2l have the

[0167] In Reaction 1, R', R" and R™ are suitable substituents, as further
deSERpaEe (Structure 11} set forth directly below.
Structure 11

Sy & e
{l/\:[ »—C N {CHig} 000
o N &
Vg 60N

[0172] U.S. Patent No. 5,863,753 discloses the preparation of a series of reactive
asymmeiric cyanine dyes, including omes that have a substituent ortho to the
guinolinium or pyridinium nitrogen. Such a substituent, especially a cyclic
substituent, ortho to the quinolinium or pyridinium nitrogen, is said to confer desired
properties to the asymmetric cyanine dyes, according to U.S. Patent No. 5,436,134.
These cyclically substituted asymmetric cyanine dyes are commonly referred 1o as
'SYBR dyes. Zipper, ef al., Nucleic Acids Res. 32(12), e103 (2004). Some of the
reactive SYBR dyes are commercially available from Molecular Probes, Inc. (Eugene,
OR), although the exact structures of these dyes are not known. Haugland, R.P.,

Handbook of Fluorescent Probes and Research Chemicals, 6™ edition.

f¢173] U.S. Patent Application Publication No. 2004/0132046 discloses methods for

preparing monomeric asymmetric cyanine dyes with minor groove-binding capability.
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below. The diphenylamine starting material is either commercially
available or may be synthesized from a suitable arylhalide and a suitable
wahlamigigsing a known method or any suitable method. Yangiseéalsods o
Organomet. Chem. 576, 125 (1999); Hartwig, et at., J. Org. Chem. 64,

S%Sg(elﬁsﬂ) e \Weleyabak, o) £A0uCirpe63ritht @O9Qn{0d68kving an
The the su stlt ents and the tlonw ere the substituents

attaa %%ﬁﬁzaa\%g 38%38%0& 515 egﬁagc?'y | préper’yt 58 ﬂ%eayzgmﬂm
In zgemmkmedbewdmmm atingitgbbupsaciithez@oyuB-mBy dred ttepositiopegvidimilar
IngreaRa NGl E;%&f fiop, r:éﬁéﬁé%@% 61{%%83{%% FGlid5290R/00R 9, and
emission wavelengths o typical electron- donatlng group may

be an amino group, an alkylamino group, a dialkylamino group, a
hy%?g%iﬁg%roup, an alkoxy group, a thiol group, or an alkylthio group, by

way of example. A more typical electron-donating group may be an amino
group, an alkylamino group, a dialkylamino group, or an alkoxy group, by

way of example. In general, an eleWr@,wmg group at the
9-position will increase the absorptighrang’emission avelengths of the

dye @pl@ai” I | C_ ”; l,r 7 Fm hrnalams o, 2004.'0!3 sa a

perfluoroalkyl group, an aminocarborn group, an alkylaﬁuigécar@nyl

group, an alkylcarbonyl group, an aldehyde group, an alkoxycarbonyl

group, an aminosulfonato group, an alkylamlnosulfonatOTg‘mup, ora

halide group, by way of example. A more typical electron- W|thdrawmg o
group may be a cyano group, a perfluoroalkyl g , Or a halide Po- )
[0169] In general, once the acridine core structure i t}m@O-nitroge

is alkylated with a haloalkyl group, which typically corriptises an additional
reactive group or a_functional group that can be converted to a reactive

o T e BT RSPRG0S G B COREEAeTTE b cidgesal
to BRIRGE? @w&mﬁw&;ﬁa&{mﬁKth&i@m@@mﬁim? FaRge@YES Scheme
Wlth a swt le reactive group are schematically illustrated in Scheme 1
d|r 87 WO 2006/099605 PCT/1S2006/009910 Scheme 1

Scheme 4

et \ a - ]
Ht P PHOH, 00N NHEOCH,Ph o — 9
=y — PhGHOCKR \ /‘ NHCOCH,Ph
———— == _
PhOH,000C! = e = B
pyricire @ BHOH, 00,5t I e
W A

1
Rt b N TETU/TEA Hetl
= B e
= T S
Y4 ey
}]J*'

| HSOJHD
4

n
(CR,L00,H

{0275} Merely by way of example, Dye No, 35 of Table 2 may be prepared using the

phenanthridinium intermediate with a reactive group shown in Scheme 4 above.

[3176] Preparations of pyronin derivatives with a reactive group at the 9-position may

be carried out by condensing two equivalents of m-aminophenol derivative with one
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- (CH,I,N/ N* / N(CHaa (CH~VN / NN(CHa)z 0 N(Et),)TSTU -(CH)sNHz
TFA (CHazN''N'v N(CHaiz O O z): CI' HO2C N(El)a O NH(CHJs'N 1)
NaOHIH2G 0~ G 2) HCI 1) H,N(CH, hNH-(fBOC) 2) TFA PH,),N/ N/

WN@Rmled2eBr (CH,IzN / N' / N(CH~x ) (CHae 2TFA EtC,C PCT/US2006/009910
~NH(CH~aNHz 1 Br(CH~'CCxEt (CHa)'N N N(CH,~, (CHN,N N\

N ¢z (Gt ddsb by i RRHridR, (€ rtbyatifCallyClsaand in B8eme 5 directly
Cg%ﬂz CH2CI (CHo)xN / N / N(Cfiz)z (CHa}zN~~'N' C~~N(CH,Ja

H WCOM CH2C ~rGHaSGH;GO~H [0170] The 9-position of

10-alkylated acridine may be readily substituted with a cyano group,
wRESR be further hydrolyzed to a carboxamide group, as

schematically illustrated in Scheme 2 directly below. 58 WO 2006/099605
PCT/US2006/009910 Scheme 2 ON Me N N~ BNMO, Me N N- NMa

F
LA o) v
T o ; RyRe 2 MR
Soalle wooou
| - | NN
R L B > "

o g, :
)

neat
He,E

TETUTEA

v
B

R, BN, = G N BB,
Ry L /\R‘
”

{ e
ch'}wo—wb
o
[0177] Many monomeric non-fluorescent nucleic acid-binding dyes are knowm
pigments used in textile and ink industries and are commercially available. References
for preparations of these dyes can be found in the literature. Many suitabie reactive
monomeric fluorescent non-nucleic acid dyes and non-fluorescent non-nucleic acid

dyes are commercially availabie or may be prepared readily using known methods.

Synthesis of BRIDGE
[6178] BRIDGE is usually formed wher the monomeric dyes are coupled io a bi- or

tri-functional group, which is often commercially available. In general, the terminal
portions of BRIDGE are from the monomeric dyes themselves, while the middle
portion of BRIDGE is from a bi- or tri-functional molecule available from a
commercial source. ¥ some cases, a significant portion of BRIDGE, such as up fo
about 90%, for example, may be pre-attached to the monomeric dyes prior to the final
assembly of the dimeric or trimeric dye. In some other cases, most of BRIDGE may
be prepared separately before the monomeric dyes are attached. In the case of
heterodimer synthesis, a mono-protected bi-functional linker group is uswally first
attached to one monomeric dye, followed by de-protection and coupling to the second
monomeric dye. Hetero trimeric dves may be synthesized using a similar stepwise

proiection-de-protection strategy.
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2)NaONIDMF "\JJ) \) 2)air HOZG HO'C H,BOdH,D OONH, Me,N N()\)"
e~ 'NMO, HO,C [0171] Methods.of preparing reactive monomeric
asymmetric cyanine dyes have been described. Carreon, et al., Org. Lett.
WO(2)p@Ps(2004). Such a dye may have the structure (Stru@Qra’Apseeosio
forth dlrectly below Structure 11 6r ~ S/- 1[0172] U.S. Patent No.
RIER : Slalesion ) aries of reactive asymmetric

Cy‘?ﬂ (Heée &%ﬁu%ﬂﬂe%ewy %ﬁé&b%ﬁ ent %%‘cﬂet@%y conjugating

quinolinium or pyridinium nitrogen. Such a substltuent especiallya c clic

SUBSPRRPHCSHRD BVRE &Rl dPASH IR Tty 8h tisfeakeappl inker in

copfehash eduiapeLtesdo fé}eséé)émm@ﬂlﬁdﬁ@dlkﬁerﬂ,yﬁsma@ﬁﬁﬁcbﬁg t@actions
U.S. Patent No. 5,436,134. These c &58{1 substituted as mmetr e brid
oy NGRS ERAIFORY P toPEc o S ae DROpE B i bridee
Nl&k@iﬁﬁ%d@fﬁ@lé’@(ﬁ 2ynak03 {20610 Sdecedhthe daactivel $M&Rddyw are
are commercia bler es, Inc. (Eugene, OR),
alt ‘(’()ﬁu ﬁ xjg(lclat %ru%cfurg I?ﬁtehedepg &s a}r%eQJ not known. Haugland,
R.P., Handbook of Fluorescent Probes and Research Chemicals, 91h
edﬁ@ﬂ{@-ﬁm] U.S. Patent Application Publication No. 2004/0132046
discloses methods for preparing monomeric asymmetric cyanine dyes
Og:hinding capability. "WO 2006/099%6
PCT/II82006/910 In.general, theh - 3 ;cent -shaped

-.-a—-

benzazolyl ririg-efthe dyes. Similar mowemeric dyes h%‘lVi’ng a suitable
reactive group,may be prepared using similar methods, for example, as
schematically i%llﬂi}ﬁfﬁ‘i”féﬂ“’in Scheme 3 directly below.
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NiSH),

[0180] An example of the preparation of a homotrimeric dye is schematically

illustrated in Scheme 7 directly below.
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Scheme 3 OTe (US patent apa, 200410132046) ~~CC,li Br(CH,)eCO,H
-> C2.80N TEAN TSTU/TEA O-.IN~.IN [0174] Reactive
phenanthridinium dyes may be prepared from the commercially available
W8 80tiaNNH5-6-phenylphenanthridine, as schematically illusPatEdSp6/009918
Scheme 4 directly below. Scheme 4 PhCHz CNH NHOOCH,Ph N -\/
PhEeki@&ERNH \ \ NHCOCH,Ph PhCH,00001 rN \ / pvname \, / egcH,),cort
tcH,),co, HzO H;N\/NH; TSTN7/EA H; ~M1" Br J -M1,. B"
O |%@ﬁmmﬂi O [BE4ad-Merabyuby wayk : cRye No. 35 of
Table 2 may ‘e prepared qs;ﬁ%g—the-phﬂnanthridinilégr‘@i*ﬂ’nterm%diate with a
reactive group stiosm in dcheme 4 above. [0176] Preperationsoffyronin
derivatives with a reactive group at the 9-position may be carried out by
condensing two equivalents of m-aminophenol derivative with one 60 WO
2006/099605 PCT/US2006/009910 i l Bes
e S g R
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[0181] Examples of methods for preparing a dimeric dye having a reactive group are

ohs
o]

ach

iliustrated in Scheme § directly below.



equivalent of dicarboxylic anhydride, as schematically illustrated in
Scheme 5 directly below. Scheme 5" PpOPr"0flRNONR,R~ R./~0
ZnCl, R.\x Peaz > HOC iSN/IEA PR_. RIP.NNR,R, RR, [0177]
WRI#Dg/pEROmeric non-fluorescent nucleic acid-binding dyed afetkatiffit910
pigments used in textile and ink industries and are commercially available.
Réfeemeds for preparations of these dyes can be found in the literature.
Many suitable reactive monomeric fluorescent non-nucleic acid dyes and
non-fluorescaiir on-nucleic acid dyeg'sfe commercially, avilable or may

be prepared rezadlly sty krovgfPifethods. = Syrithgsis of BF;?JGE 0179]

BRIDGE is usually formeéd when the mo merlcﬂy“éf“sfe?r’e coupled to a bi-
or tri-function oup, which is often co lyavailable: al,
the terminal pomons of BRIDGE are frorit‘the monomeric dyeso .
themselves, while the middle portion of BRIDGE is from a bi-
tri-functional molecule available from a commerC|aI soufce. In some
cases, a significant portion of BRIDGE, such as upto apotyrs0%, for

BRIDG ‘Me Pepgr;,d, y before the monomeric dyes are
attacheg=n the éa eQOf héterodi € synthesis, a mono-protected
bi-functioneklinker group is usualhy first attached to one monomeric dye,

followed by de-protection and coupling to the second monomeric dye.
Hetero trimeric dyes-may be syntheS|zed using a similar stepwise

protectiopdé- protéctlon strategy
PCT/USZQ06/00983g~ -~

TFEA
CH N

NCHgl <]
7Y

y ,; 5
% /N(cm, in )t 1CHy WO
n=z TETUTEA O b o ! b
_— 4 /leg— ?ﬁwﬁj\/v\.;}_{
¢ P \ Y
NECH ) HCEN
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Conjugation of the monomeric dves to BRIDGE [0179] In general, dimeric
and trimeric dyes may be assembled by conjugating monomeric dyes

Whavigré?%gaﬁsqitable reactive group with a bi- or tri-functional linker in_a
O 6(98upling reaction for some of the homodimers, or?ﬁ%ﬂfﬁﬁ‘!%ﬁﬁﬁ”“’

reactions for heterodimers and trimers or some of the homodimers
comprising multiple bridge eleme%}t}rﬂ%%‘ﬁ les of synthetic routes to
seleetegibampdipaerian diiigtorioerspaticsnhinmatioad|yadidtrated in

T AR IE s SRR P LT o
Hw@?réi@poxa/ngs‘(m}ﬂ 3 10Rm-> A ANt N (OHsldiiag mixture was
A NEAGH] N0, N OV OO D M GHID oVt o

(cHa NIGHIl; N(CHXx): N(Cllilx wC),N fCHa4

(CB@ A Ny NOMHECERRWiteOlgref \py ifltetivn egNgNedrmdsr vacuum,
NN(Ggixtp. 9. CH,

Example 2: Preparation of 10-(5-Carboxypentyljacridine orange, chioride salt

[0183] 10-(5-Ethoxycarbonylpentylacridine bromide was prepared using the
procedure of Example 1, with the exception that 1,3-diiodopropane was replaced with
ethyl 6-bromohexanoic acid. The crude product (5g) was suspended in ~100mL
methanol and 3 equivalents of NaOH dissoived in 30mL HO. The suspension was
stirred at room temperature for 24 h. Methanol was removed by evaporation, and the
remaining agueous Solution was acidified with concentrated HCL About 50ml
saturated NaCl was added to precipitate the product. The product was collected by

filtration and then dried under vacuum at 45°C for 24 hours.

Example 3: Preparation of DMAO (Dye No. 1 of Table Z)

10184] 10-(3-lodopropyljacridine orange, iodide (100mg) was suspended in 20ml.
2M dimethylamine in methanol in & sealed tube and then stirred at 60°C overnight.
The mixture was cooled to room teraperaiure and then poured into 50mL EtOAc. The
precipitate was collected by centrifugation and then dried under vacuum at 40°C for

24 hours,

Example 4: Preparation of TMAQ (Dye No. 2 of Table 2)
[01857 A mixture of DMAO (Dye No. 1 of Table 2) (11mg, 0.023mmol) and CHsl
(0.5mL) in CH;OH (2mL) was refluxed gently for 4 days. The orange product (10mg)

was collected by suction filiration.

Example 5: Preparation of PMAO (Dye No. 5 of Table 2)

[0186] A mixture of 10-(3-iodopropyljacridine orange iodide salt (100mg, 0.18mmol)
and N,N,N’N’-tetramethyi-1,3-propanediamine (0.3mL, 1.8mmol) in CH;OH (10mL)
was refluxed overnight. After cooling down to room temperature, the precipitate was

collected by suction filtration. The precipitate was resuspended in CH;OH (5ml) and
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I H,c); )NaOHM;A [0At+ 1) NCI (NXChN (g{ilxO-NN(CHal,NHf CI' 4 /\
HNOG ~) \/ g-ofCneir / HNOO \/ *( CHxlec-NH(GHJ,N N M,O),N\/ ,y\/

wh/MEdaddoe 1H,0)eN N(Gw); 21 0--J 03" TFO./\/ PCT/US2006/009910
"(CHehO-NH(CHJ,NN-O-ICH;ti ~ ~CHt\ry NH(CHa6NHe TSTWIF_A\/\/

J NehgaI8QiANguampiaRitheRRRAARAD R R HARAICH S AN weight
schematically. illustrated in Scheme 7 directly below. 62 WO 2006/099605
PETIEHSIDEBIDBSIATSEAHEPEH)ZN / M N(CH), 1)
t-BOC-NH(CH)sSCO2H/TSTU(rEA (CH)2N -M, N(CH)z (CHz)s 2TFA (CH
CIEQmQIR2)T FADar@ion NE{CHIBRBIVEIBHISNABCHZ)zNHz Cl
?g@%gi;%ﬁbéﬁ(%ﬁ%ﬂieké_ﬁgddﬁéﬁm)%ﬁrb&@&%&éﬂéé%@s ¢ (DI8) mmor)
and PMAO (100mg, 0.15mmol) in DMF (1.5mL) was heated at 130°C for 7 hours.
After cooling down to room ternperature, CH;OH (15mL) was added and the
suspension was heated to reflux for 1 hour. Suction filtration gave the preduct as dark

red solid (83.1mg).

Example 7: Preparation of AOAO-2 (Dye No. 7 of Table 2)

[0188] BtzN (0.15mL, 1.05mmol) and TSTU (320mg, 1.05mmol) were added to a
suspension of 10-(5-catboxypentyljacridine orange chloride salt (438mg, 1.03mmol)
in DMF (5mL) at room temperature. The mixture was stirred at room temperature for
15 minutes, followed by the addition of BN (0.1ml) and 3,3’-diaminc-N-
methyldipropylamine (50mg, 0.344mmol). After the mixture was stirred at room
temperatare overnight, EtOAc (20mL) was added to precipitate the product. The
crude product was re-dissolved in DMF and precipitated out again with BtOAc. The

solid (250 mg) was separated by centrifugation.

Exampie & Preparation of AOAO-3 (Dye No. 8 of Table 2}

[6189] The dye (393mg) was prepared by using the procedure to synthesize AOAQO-2
from 10-(5-carboxypentylacridine orangs (432mg, 1.03mmol) and ethylensdiamine
(25mg, 0.42Zmmol).

Example 9: Preparation of 10-(8-Bromooctyl)acridine orange bromide

[6190] A mixture of acridine orange (2g, 7.53mmol) and 1,8-dibromoactane (12ml,,
67.8mmol} in chlorobenzene {15mL) was heated at 110°C overnight. EtGAc (50mL)
was added and the suspension was refluxed for 1 hour. After cooling down to room

temperature, suction filiration gave the product as orange solid (3.56g).

Example 1{: Preparation of AGAO-5 {Dye No. 11 of Table 2}

[0192] A mixture of 10-(8-bromoactylacridine orange bromide (0.5g, (.94mmol) and
acridine orange (0.3g, 11.2mmol) in DMF (5ml) was heated at 130°C overnight.
EtOAc was added to precipitate the product. Repeat precipitate from DMF and BEtOAc

gave the product as dark red solid (214mg}.
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0 0=C' 11 NH(CH)'NH-O-(CH)sNH~N NH(CHI)fi C-NH(CH)s C O N,fN ClI
CH, -NH, CHz IJH 2TEAAOMF 0=C heat | CH, (CHI)IN I, N | WON,
CHYIN N(CH')' (CH)zN / N(CH)" ), 0 (CH)5 _ |

Whﬁ’ ETISRH-C-(CH)SNHT'NNH(CH)_ C-NH(CH")z C=0 NYN & 1™

CHI C _H=CCH|C| ! "108 | f thod
P e ot e ter el S E e b
Scigapie Bhei KE{E'[KBBE@)/\W%W@%@ 09960%: PETHIS2D06/008850 ACAO-2

SUSRECHA R NCIRRL S Gioa GHA e BUGHRIS @i 15.

diamino-pentane dihydrochloride { 20mg, 0.12rmol).

Example 12: Preparation of AOAO-8 (Dye No. 15 of Table 2)
(01931 The dye (182mg) was synthesized by using the procedurs {o make AOAO-2
from 10-(5-carboxypentyl)acridine orange chloride salt (241mg, 0.58mmol) and

piperazine (20mg, 0.23mmol).

Exampie 13: Preparation of AOAO-11 (Dye No. 18 of Table 2)
[0194] The dye (112mg) was synthesized by using the procedure to make AOAO-2
from 10-(5-carboxypentyljacridine orange chioride salt(180mg, 0.43mmol) and 1,8-

diamino-octane (25mg, 0.17mmol).

Example 14: Preparation of AGAQO-12 (Dye No. 19 of Table 2}

I0195] The dye (76 mg) was synthesized by using the procedure to make AOAO-2
from 10-(5-carboxypentyDacridine orange chioride salt (147mg, ¢.35mmol) and
2,2 oxybis(ethyl-amine) dibydrochioride (25mg, 0.14mmol).

Example 15: Preparation of AOAO-13 (Dye No. 20 of Table 2)

[0196] The dye (64 mg) was synthesized by using the procedure to make AOAC-2
from 10-(5-carboxypeniyDacridine orange chioride salt (96mg, 0.2Z3mmol) and
4,7,10-trioxa-1,13~tridecanediamine (20mg, 0.09mmol}.

Example 16  Preparation of 1,3-Di-({Z~(N-t-Boc-amino)ethyljaminocarbonyl)
benzene (Dye No. 101, shown directly below)

Z o
o oo NH—A o
CltHaCI~ O HNNNW&NHJ\/ orelend
o

o

{01971 BtzN {0.4mL, 2.7immol) and TSTU (820mg, 2.7ilmmol) were added to a
solution of isophthalic acid {220mg, 1.32mmol) in DMF (ZmL) at room temperature.
The mixture was stirred at room temperature for 30 minutes. Addition of EtzN (lmL)
and mono-tBoc-sthylenediamine (460mg, 2.86mmol) followed. The mixture was

stitred at room temperature overnight and then partitioned between 1IN HCI (100mL)
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O~ ~CRn -0 AO n-aoc N~T/./~N~)BOCi Z -rV " H FJIDMF (ChtvhN ~
/ N'/ NICH>z QHi6 2TFA CHvh MaC)>l, ~NN(CH>JeNH; HH I ~/~1H
Ht N(cNH;/M~C)N NM-QBCC TFF (GH,})z 1 GlaClaN xYR ~/NIw~Y

WNIMEQRPG050 / 7FA MGW NH> 41C1'~}i ~ IHeCb' N:. N C|iLPCéiiW@3"P@fﬂ"99lﬂ

(CH,J; (HC)z NHc'\TSromA~ ~0AAJ N)OHx a (HO)VN rH p-
ry@d EIOAC (50mL). The agueous layer was extracted with EtOAc (SGmL) and the

combiped organic layers were washed with 1IN HCI (2 » 50mL), H;0O (30mL), and
saturated NaCl (50mL), and dried with anhydrous NapSOs The crude product was
purified by column chromatography using EtOAc:hexanes (9:1) as eluent to give the
colorless solid product (356mg).

Example 17: Preparation of 1,3-Di-((2-aminoethyljaminocarbonyl)benzere, triffucro-

acetic acid salt (Dye No. 102, shown directly below)

H
HEN/\/N\f/@YNHJ\VNHE

o o 2CFCO-H

[0198] 1.3-di-<((2-(N-t-Boc-aminojethyljaminocarbonyl) benzene (356mg, 0.79mmot)
was added to TFA (5mL) at 0°C. The mixture was stirred at 0°C for 1 hour and the
solution was concentrated to dryness in vacuo. The colorless residue was dissolved in
CH;OH (2mL) and added dropwise 1o BirO (30mL). The precipitate was collected by
centrifugation and dried to a constant weight in vacuo to give the solid product
(425mg).

Exampie 18: Preparation of AOAO-9 (Dye No. 16 of Table 2)
(61997 The dye (55mg) was prepared by using the procedure to make AQAO-Z from
10-(5-carboxypentylacridine orange chloride salt (109mg, 0.26mmol) and 1,3-Di((2-

aminoethyl)aminocarbonyl)benzene, trifluoroaceiic acid salt (50mg, 0.1mmol).

Example 19:  Preparation of 1,3-Di{(5-(N-t-Boc-aminojpentyljaminocarbonyl)
benzene {(Dye No. 103, shown directly below)

o o
N H 1
FiaGit~0 T HN AN : NE" ™™ 0-G{CHgle
O ol

[6200] The dye (555mg) was prepared according to the procedure to make 1,3-di~((2-
(N-t-Boc-amino)ethyl)aminocarbonyl)benzene  from isophthalic acid (254mg,

1.53mmol) and mono-tBoc cadaverine (640mg, 3.15mmof).

Example 20:  Preparation of 1,3-Di-((5-aminopentyljaminocarbonyi)benzene,

triffuoro-acetic acid salt (Dye No. 104, shown directly below)
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VY ad 64 WO 2006/099605 PCT/US2006/009930 EXAMPLES
Example 1: Preparation of 10-(3-lodopropyl)acridine orange, iodide [0182]
One equivalent of 1,3-diiodopropane was added to a suspension of 5g of
Wé’c"r?ﬂﬁ%’%?&nge (Aldrich) in 10 mL of chlorobenzene. The r@&ﬁfﬁ?ﬁ"&'ﬁ'&ﬂg%ﬂ
was stirred at 90-100C overnjght. The hot reaction mixture was poured
into -200mL of (EtQAC. The qrange presipitate collected by filtration

2

and dried under vacuum, Mielding k8g. Example %@t@@ﬂ?n of

10-(5-Carboxypentyl)acridie oranae, chloride salt

10-&5-Ethoxycarbon Ipentyl)acridine bromide was prepared using the __
proBRitirE st Biraiffiens) WithRFEBXE SHHRAIETC Bedrsdeprspind Waso: 102
regkaeesk ity aH 6-bromohexanoic acid. The crude product (5g) was
suspended in -100mL methanol and 3 equivalents of NaOH dissolved in

30mL H.20,.T i - ] e oah.
30a, 20T SUSRENPION WA S0 A foor erpsraure o

was removed by evaporatio the remaining aqueous

sol$88RIWas desdifiduayitrieareeridis 9l IRRIarsisLic aifatdd he [rom
waggad ipifateshe pradiuctiiadr, assaallesteddVye No. 104
filtriq?o@r?%g%&ﬂ%%%ﬁ%%dg%er vacuum at 458@%&%4 hours.ggxampley%: ¢
Préppg8 Y 3rBRIAO (Dye No. 1 of Table 2) [0184]

10-(3-lodopropyl)acridine orange, iodide (100mg) was suspended in
208k 2imBtipdeanineinifdBalio(lyalsedédidlbbladd then stirred at

60 rpight, T, ixt 0 .
pogﬂfg{gﬁnto 5@%‘? L(*fg?éﬂéjc &I%é’x%éa?@& A9/ ORI IRINRRALY 6, A0 BB 2 from

recipitate was collected by centrifugation

and@HErcetiowyperiEh vaitdiom BT §BlomdenhGLAsmEXdhigreme!l) and diamido-

Prepaatign.abd MARDYeNa R & akie, DHRIBRiAnRisartDMAO
(Dye No. 1 of Table 2) (11mg, 0.023mmol) and CH3I (0.5mL) in CH30OH

(2 was refluxed gently for 4 days. The orange 10ma) W WAL
co%g%g@ By su%}l“on fiItrati8%1?’.?@‘B?cciyllr@%{1 ple 59%Pre;;1agfé(&%ﬁ%éﬁ% Oy%éﬁ)g%hf’ o

of Habkeh@))ammonium)propyl) acridine, dilodide (Dye No. 105, shown directly below)

YOSt
= P NGHale

{HaljeN +

S

[+

/252\//\/

21

I

—O—n—'z\/\

G{CHala

[0204] A mixture of 10-(3-iodopropyDacridine orange iodide (500mg, 0.89mmol} and
3-(N-t-Boc-amino)propyl-N,N-dimethylamine (1.8g, 8.9mmol} in CH;OH (S0mL)
was refluxed overnight. After cooling down to room temperature, the precipitate was
collected by suction filtration and dried fo a constant weight to give Dye No. 105 as

an orange solid {(292mg).

Example 24: Preparation of 10-(({(3-ammonivm)propyl}-N,N-dimethyl)ammonium)
propyl acridine, trifluoroacetate salt (Dye No. 106, shown direcily below)
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[0186] A mixture of 10-(3-iodopropyl)acridine orange iodide salt (100mg,

0.18mmol) and N,N,N'N'-tetramethyl-1,3-propanediamine (0.3mL,

1.8mmol) in CH30H (IOmL) was refluxed overnight. After cooling down to
WinghpieepErature, the precipitate was collected by suctionPRIEaEaH PR 10

precipitate was resuspended in CH30OH (5mL) and 65 WO 2006/099605

' overnight and collected by suction

filtration. It was driegcipya CONS| welighdz in vacuo to give a dark red
solid (14mg). Example 6: Preparation of AOAO-2Q (Dye No. 9 of Table 2):
[0187] A mixture of 10-(3-iodggropyl)acridiiie orange iodide salt (81mg,
0.15mmol) and PMAO (100m%d0.153r%pna10(%'in DMF (1.5mL) was heated at
130C for 7 hours. After coolingdown to room temperature, CH30H
(15mL) was added and the ${f¥8pension was heated to reflux for 1 hour.
Suction filtration gave the product as dark red solid (83.1mg). Example 7:

Pref§aPaii divefRORO (G0mad Nommeb Pableddy {0 SB1ERNLY1 B1GL The mixture
1.06meehand IS8T\ Wﬁﬂi‘ﬂte%Gﬁf@@&ﬂﬁx%%@@&%ﬁﬁﬁe&%@%@%@%? bacuo
1(}N§E5-c%%bo>§/goe%l acridine grange chloride salt (438mg, 1.03mmol) in
DME{SHILT HEPE ST O Er AR et iR ire: WWhes SSlivFisE atafotsified dropwise to
tenipglat@oedior 4b8 nhinyiesifhlipweskbytheagddiiorpf Et3NiIER - b )aRd o »
33091{ rEPI{ %éN-hpeth Idiptto ylamin 5%51 , 0.344nm ol), After the

mixture was atirred 4t foom e%gp‘évr ur 3%%%?1?9‘?1‘3”@?(53\]&‘1(%?@) was

added to Prepipitate the product. The crude product was re-dissolved in
DMEERE D recipieteg i dgaiitt EIDAR TieofStl( 250 mg) was
seazaidry eentofagtion, %gg@%ﬁ WEERPRAIRNAL AR BYANE from

8 oLTgﬁle )%0189] éghe_dye g), was prepared by using the

protEatir TS SRRRES R A BBt GiOTOH Sada B Sty paEslined Dye No.
oratigfe(Z432nigldctiaminol) and ethylenediamine (25mg, 0.42mmol).
Example 9: Preparation of 10-(8-Bromooctyl)acridine orange bromide

[0189]Avmixture:of AcHicing PraRaes( { \dine orance brom
o Wt -
hedte¥ Al 166 SvernigiecttdReBomL) was added and the suspension

was refluxed for 1 hour. After cooling down to room

IS SOt
L e
N{CHglp

{HaChatd + N

b

]

% =1
N O
05\2
g
[0207] A mixture of acridine orange (2g 7.54mmol) and  N(6-

bromohexyl)phihalimide (4.7g, 15.1mmol) in chlorobenzene {20mL) was heated at
110°C for 2 days. BtOAc (50mL) was added and the suspension was heated to reflux

Y

for 1 hour. After cooling down to room temperature, the pioduct Dye No. 107 was

coliected by suction filtration as an orange solid (3.76g).

Exampie 27: Preparation of 10-(5~((5-Carboxypentylyaminocarbonytpentylacridine
orange, iodide (Dye No. 108, shown directly below)
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temperature, suction filtration gave the product as orange solid (3.569).

Example 10: Preparation of AOAO-5 (Dye No. 11 of Table 2) [0191] A

mixture of 10-(8-bromoactyl)acridine orange bromide (0.5g, 0.94mmol)
WEOEE e orange (0.3g, 11.2mmol) in DMF (5mL) was heat&d#Hysee:t

overnight. EtOAc was added to precipitate the product. Repeat precipitate

from DMF and EtOA @ the product as dark red solid (214mg). 66 WO

2006/09960%RET/USZ006/009940 Example 11: Preparation of AOAO-7

(Dye No. 13 of Table ) [0192] The dye (30mg) was synthesized by using

the procedure to make AOAO-2 from 10-(5-carboxypentyl)acridine

orange chloride salt ¢% %HWQFIBQ') and 1,5- diamino-pentane

dihydrochloride (20mg, 0.12mmol) ;Example 12: Preparation of AOAO-8

(Dye No. 15 of Table 2) [0193] The dye (182mg) was synthesized by

usi I t k - (P-GRHRIAXYREN criglh

o e N B Toama b GHEE 1o

23mnpetisigixaimiile Feabrappratidnoiivo AorE Mipeideo198me ThBemncl) n

[0 %ﬁ:ﬂggﬂﬁ;ﬂwﬂéﬂn@a@e Was synihesized NG B8 RrocedMie {0ANEK R of
AOAO-2 from 10-(5-carboxypentyl)acridine aorange chloride salt(180mg,

0.4 iGHEd $18- ispHeToRtatET eI 001 AL E3Gfipiémol) i FO
Pr@@@a@tiﬁau@&%@ﬁz@elaa{%u@ N@aslgtﬁfeﬁabderfa&m&ﬁgem?aw(m fog} and
was synthesized by using the procedure to make AOAO-2 fr .

O PIHRR  SERT thtl SFang OO i PLAARS, B1abHhdl & D
2. 2\xyluis ethy baminepidihiydtesiioride (25mg, 0.14mmol). Example 15:
Preparation of AOAO-13 (Dye No. 20 of Table 2) [01961 The dye (64 mg)
Waﬁééfﬂaﬁ@%e%%a&’m_&%%%EQH@(MMB@ arilfi@Morange, chioride
10-(5-carboxypentyl)acridine orange chloride salt {96mg, 0.23mmoi) and

4, 75 DoetFioxAY; BRORiB SEERRY RGN (20mg, 0.09mmol). Example 16:
Preparation of 1,3-Di-((2-(N-t-Boc-amino)ethyl)aminocarbonyl) benzene

(Dye No. 101, shown direcly below) 0
R
O gf\’/‘mcwa

{HgCleN

¢’

=
Ot

[0209] A mixture of 10-(5-carboxypentyDacridine orange (0.15g, 0.36Lmmol) and
sodium cyanide (35mg, 0.722mmol) in DM¥ (3mL) was stirred at room temperature
in open air for 2 days. CH;CN (10mL} was added and the resuliing suspension was
stirred at room terperature for 1 hour. The dark blue precipitate was collected by

centrifugation and dried to a constant weight in vacuo to give Dye No. 109 (130mg).

Example 29: Preparation of AOGAO-12R (Dye No. 22 of Table 2}

[6210] EttN (32ul, 0.23mmol) and TSTU (68mg, 0.227mmol) were added fo a
solution of Dye No. 109 (98.3mg, 0.223mmol} in DMF (2mL) at room temperature,
The mixture was stirred at room temperature for 15 minutes. Addition of EtN
(100uL) and 2,2'-oxybis-(cthylamine) dihydrochloride (16mg, 0.09mmol) followed.
The mixture was stirred at room temperature for 2 days. The solution was
concentrated to about lmlL and EtOAc (2ml) was added. The precipitate was
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Cj i-N NH'-iINFI-4"Q-C(CHa) 0 0[0197] Et3N (0.4mL, 2.71mmol) and
TSTU (820mg, 2.71mmol) were added to a solution of isophthalic acid
220mg, 1.32mmol) in DIM (2mL) at room temperature. The mixture was
WEHEH RN 5om temperature for 30 minutes. Addition of Et3NRHEF aHYo 1
mono-tBoc-ethyienediamine (460mg, 2.86mmal) followed. The mixture

wSlIafid b BcROBHE R er AlGr&"a0RThiA A HUNartiddMEa B raatp ated
INgBISEA (HAOMbK 616 Wi PRGIN2260% BT bl462066(6098%). and EtOAC
(50mL). The aqueous layer was extracted with EtOAc (50mL) and the

?%%%‘55% IS S MATREE I ANHGLEZH SO i dime ©ye

) saturated NaCl (50mL), and dried with anhydrous Na2S0O4.
THa@rlide Proauéirorss isiawied by column chromatography using
EtOAc:hexanes (9:1) as eluent to give the colorless solid product
(356mg). Example 17: Prepéaration of
1,3-Di-((2-aminoethyl)ami @ nyl)benzene, trifluoro- acetic acid salt
(Dye No. 102, shown @ftéctly ‘'selow§ ™ ,N, N NH-\ W2 0 0 2CF3CO2H
[0198] 1,3-di-((2-(N-t-Boc-amiho)ethyl)aminoearbonyl) benzene (356mg,
0.79mmol) was added to TEA (5mL) at OC. The mixture was stirred at 0C
for 1 hour and the solution wa¥ concentrated to dryness in vacuo. The
colorless residue was dissolved in CH3OH (2mL) and added dropwise to

EQ& {30 LiHg Bf%ﬁkpétﬁ& was eallactesidaensabtyitugatinnand diREP was

a constant weight in vacuo to give the solid product (425mg). Example
18hpEparibh B ACRES-MI5)EIEPE 6T Hbia%s {HTIsTA e fifemuxtuze was
(Sam@awas mrepategiby usiegibeipreceetie dolmake O A atfmmon and re-

10-(5-carbpxy ridi nge.chlaride salt, (109 0.26mmol) a
1 A OEN O HOORS NOERCbE: EMe MLt et e vs
(50migscfed ramabtrifxmampled® iRedé parationstfit weight in vacuo to give Dye No.

1,31%(%&(%1%%8%%;% {n?%?%%él)).aminocarbonyl) benzene (Dye No. 103,
shown directly below

Example 31; Preparation of N-Carboxypentyl thiazole orange {shown directly below}

f \‘ S — ’0
] /\, oH NWC}’
o N\& — OH
Brr W/

| [6212] The dye was prepared using published procedure {Carreon, et al., Org. Ler.
6(4), 517 (2004)).

Example 32: Preparation of TOTO-3 (Dye No. 14 of Table 2}

[0213] The dye (354mg) was prepared using the procedure to synthesize AOAO-2
from N-Carboxypentyl thiazole orange (460mg, 1.04mmol) and ethylene diamine
(25mg, 0.42mmol). '

Example 33: Preparation of 10-(5-((2-(N-t-Boc-amino)zthyljaminocarbony!)pentyl)

acridine orange chioride salt (Dye No. 111, shown directly below)
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(Hs0)sC-0" "HN /~*/N \ NH'\/'/~NHAO-C(CHe)s 0 0[0200] The dye
(555mg) was prepared according to the procedure to make 1,3-di-((2-
(N-t-Boc-amino)ethyl)aminocarbonyl)benzene from isophthalic acid

W23 72485S3mmol) and mono-tBoc cadaverine (640mg, 3PLSHPAIY/002910
Example 20: Preparation of
1,3-Di-((5-aminope0@Wocarbonyl)benzene, trifluoro-acetic acid salt
(Dye No. 104, shidwn difectly bafow) 68 WO 2006/099605
PCT/US2006/009910 N~~N I NH"V--NHZ 0 0 2CF3CO2H [0201] The
dye (560mg) was prepered-aesoseking to the procedure for Dye No. 102
(555mg, 1.04mmol). Example 21: Prepargﬁon of AOAO-10 (Dye No. 17 of
Table 2) [0202] The dye (22mg) was prepared by using the procedure to

make ADBEN2 (fosn L] O-(BreadiDayde MBI A cfidire g ranTgemchlo rided Haithg] to a

0.23 | .104 (5 0.09 ). E le.22; P ti .
O RS ARGl e S5 FreRvalal
prePMEN( By LsiNgithmiptoceduse sorpdlee A0MOsfropiure for 15 minutes. The

10-(5-carh idl ide, 40 —
R OIS e SR on o
0.28Movol). Elemplixt®s: Prepatiatich of room temperature for 1 hour and then
10‘&&35&%%9%@%%@%@5%%@%EHMDWEEH@Q@@%&&W;{ZE}EL) and

diiodide (Dye No. hown directly below) (HaC)eN\ I* N N(OHS )
-NeEeinired yohe (eddiionod0 1 RARixEFalor 10 RISHBE/RSpYITCHgksEC by
orapggriadise, (ARG BAmmmelARekisht to give Dye No. 111 as orange solid (365
3-(%§Boc-amino)propyl-N,N-dimethylamine (1.8g, 8.9mmol) in CH30OH
(501Ti)

Example 34: Preparation of 10-(5-({2-Ammoniumethyljaminocarbonyl)pentyl)

acridine orange, trifluoroacetate (Dye No. 112, shown directly below)

G

¥
(eSS

\I
\I/\N(CHQE

8 f

b4

AR

O

J

N Nei X o's %y

{0215] Dye No. 111 (347mg, 622mmol) was added in one portion to triffuoroacetic
acid (3 mL) at 5°C. The mixture was stirred at 5°C for I hour and conceniraied to
dryness in vacuo. The residue was dissolved in CH,OH (3ml,) and added dropwise to
B0 (50mL). The precipitate was coliected by centrifugation to give Dye No. 112 as
orange solid (297mg).

Example 35: Preparation of AOTO-3 (Dye No. 23 of Table 2}

{6216] EtsN (20uL, 0.142mmol) and TSTU (42.2mg, 0.142mmol) were added ic a
solution of N-carboxypentylthiazole orange (62mg, 0.142mmol) in DMFE (ImL). The
mixture was stizred at room temperature for 15 minutes. Addition of BN (70ul) and
Dye No. 112 (50mg, 0.095mmol) followed. The mixture was stirred at room
iemperature for 2 hours and then concenirated to dryness in vacuo. The residue was

re-dissolved in DMF (Iml) and EtOAc (2mL) was added. The precipitate was
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was refluxed overnight. After cooling down to room temperature, the
precipitate was collected by suction filtration and dried to a constant

Wwergl%;g give Dye No. 105 as an orange solid (292mg). E /E’Jﬁtﬁ%mwm 0
Preparation of 10-((((3-ammonium)propyl)-A;N- dlmethyl)ammonlums

propyfiassiding e ST} %
B R oAl e (H%?: N ‘%ﬁi ave the

3CPREBS- 25 AGROBESPBY &\ 6mED5 (50mg, 0.06mmol) was added to

TEA (2mL) at OC. The mixture was stirred at OC for 30 minutes. The
soldemmasGoRoentrikedtbTHIVORES (Drnakvo2 and Thsiy esidue was

dissgyed i CH3 qu n was added dropwise to, Et20

(30*?%{) B e B R Cmatrtcapao-
conéeght W&U%Wﬁ%ﬂ@%@ﬁ Neng06 aderfomnge Galid@8mY).  and

Example,2%i Rrepanaligaal AQAR:dPua oy 30:0f Jable 2) [0206] The
dye (23mg) was prepared by using the procedure to make AOAO-2 from

Dy KRG (B3R DL Em D) EpIC 28 MoparRoher) |

10 {m&l %mmmn@mmmmmgmm@amda@ms@armo 2
shoydirectlyR !)%Wt);rljth Q(d%egﬂ\l Caxrg%HuLa a‘\r? é 1J£|,etf I&%g@l% (2004); and

mixture of acrldlne orange mmo

broﬁ?@ﬁ@ky%ﬁfha‘ﬁﬁﬂ@’é? (456, 45, R M), |r§€ﬁ70(d5§31}je€951(%0m292n&30i) and
healechatuklObyionhdaysy BMG(@OMH apasidad; jnd the

suspension was heated to reflux for 1 hour After cooling down to room
tenm%&lé’ %Sthfr 5;91% 18}1 [3%/ %&%T]CS)(%}V& &)ya No. 26 of Table 2)
[0219] The dye (28.4mg) was prepared by using the procedure to synthesize AGAQ-2

from N-carboxypentyl thiazole blue (76mg, 0.173mmol} and 3,3’-diamino-N-

methyldi-propylamine {10mg, 0.069mmol).

Example 39: Preparation of 10-(5-((5-(N-t-Boc-amino)pentyljaminocarbonyl)pentyl)

-acridine orange, chioride (Dye No. 113, shown directly below)

L
(HaC)ah/J\/\Nf NGl

o]
il /\/\/‘\NH/U‘OC(CHQS or

[8220] The dye (280mg) was prepared by using the procedure to synthesize Dye No.

111 from 10-(5-carboxypentyl)acridine orange chioride (200mg, 0.483mmol) and
mono t-BOC-cadaverine (130mg, 0.628mmol).

Example 40:  Preparation of 10-(5- ~{({5-ammonivmpe ntylyaminocarbonyl)pentyl)

acridine orange, frifluoroacetate (Dye No. 114, shown directly below)

= ! Sy
N 2
(HaGlaN WG~ N{CHg)a



collected by suction filtration as an orange solid (3.76g). Example 27:

Preparation of 10-(5-((5-Carboxypentyl)aminocarbonyl)pentyl)acridine
worangegsadide (Dye No. 108, shown directly below) 70 WOr2G06/08860510

PCT/US20061009910 {H3-)2N + No N(CHa)2 JOI 0 OH [0208] Et3N

(4@pzaPIRRnNnONIANdSRSBYWE prenHde2 Bymmdie vtier pradetedetooasynthesize Dye
Qn of enty, idine.orange chloride (107mg,

OU§§8mmo ﬁﬁ%\%(ggo@ﬁneghggﬁre Wgag stirred at room temperature

for 15 minutes. Addition of Et3N (0.2mL) and a solution of

6-Brimsledantieratios TP BS T iins e, 20 Tt Prollowed. The
Mipgaire] \yas stripeuatir oo ierapeaiiadorty hmtrgamﬂ: p@mesﬁﬁéatedgt@chesize

cnea Il Yacuo, The resdie was Uiraled i HEQ IO NGOV Norne e

9 -(Blariosi Qa5 {ERrboxyh €tyl) &tbidin 6.06angesichloride (Dye No. 109,
shown directly below) CN (HAC}2N N + - N(CH3)2 G O OH [0209] A

mixture-of 0-(Reearbaipertilacidine Janged droa@A6lmmol) and

sodium crggnlde (35mg, 0.722mmol) in DIM (3mL) was stirred at room
ted¥géFattive a#?%f&éﬁca@%?%%ﬁy%h%ﬁ@tm% 1306 &R e dPRAdiTgaescence
re@ﬁﬁ@@@@@@@ﬁ&ﬂ@@ mﬁaﬁre@gaferqomwtmw@ mmm rwiiergiaiored

blue prec |ta,t ollected b cent atjon and drl cans
WGSWW (T%t 3’ géiﬁif SRS ’l?)rgvf %g%‘f %‘ Sg]"?ﬁ%l rglrepanﬁ:lrfl 8h ¢
ACMO;)HR FByebiitfe:2 250 Trble2)cf02t0hEt@d«3Rinkie0. 23 pmontfeand optical

(Tgséi% oy %?Zw% s %%%%QE%%%&%HQ&% 0y M- b0 bace ot

mmol at room temperature. The mixture

wa%emvedmwm,te‘r%@a't’wmms PO e IS vRNels Rk at 471 om in

absorbance, indicating aggregation of the two acridine monomers within AOGAQ-7.
Upon binding to DNA, absorbances of AOAGC-7 and DMAQ showed Snm- and
10nm-red shifts, respectively, relative to free dyes. The fluorescence of free AQAG-7
is about 5 times lower than that of DMAQO. The lower background fluorescence of
AOAQO-T is advantageous in real time qPCR. The fluorescence per acridine monomer
of AOAO-7 is close to that of DMAOD, indicating that two monomers of AGAG-7 no
longer quenched each other when bound to DNA and the linker between the two did

not exhibit negative effect on the quantum yield.

Example 43: Absorbance spectra of TOTO-1 and TOTG3

[0224] In a similar manner to that described in comnection with Example 42, the
absorbance spectra of TOTO-1 and TOTO-3 were measured without DNA presence,
as shown in Figure 5, or in the presence of 2mg/ml of salmon sperm DNA, as shown
in Figure 6, in PBS buffer. As shown in Figure 5, the specira of the free dyes indicate
that TOTO-3, which has BRIDGE that is neutral or substantially devoid of positive
charges, forms an intramolecular H-dimer, or 2 hairpin structure, while TOTO-1,
which has multiple positive charges, bas less spectral shift. As shown in Figuare 6, the
absorption spectra of both TOTO-1 and TOTO-3 in the presence of DNA shift to

about the same position, indicating that the hairpin structure of TOTO-3 dimer opens
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(100L) and 2,2'-oxybis-(ethylamine) dihydrochloride (16mg, 0.09mmol)
followed. The mixture was stirred at room temperature for 2 days. The
solution was concentrated to about 1mL and EtOAc (2mL) was added.
WPHEpIEEHate was 71 WO 2006/099605 PCT/US2006100851052006/009916
collected by centrifugation. The product was re-dissolved in DMF and

prépipReRdandigaiio AN E /oA i Bk BYEGd. 28 20T kpmisizbiny types of

(SHRMG) FoxaiprieS0: Preparation of
9-Aminocarbonyl-10-(5-carboxyphentyl)acridine (Dye No. 110, shown

directl | ~-NHS N ) i
oVt G et SR NS, D hifabh By RAMIERA
60(225] Z tafsoikemeoaliriyldovimoAOeH terffrdueid Bieinriiximprespres of O,

added 2 . ipit | if

e O oS L L L) et (R0RMD) LA ia e s of
preipitatewas ENJ@GDedabm'ﬁamimfgaﬁ@gﬁaﬁ@@ﬁé&mnarcghg@@ﬁpm@mwere
in vacuo 19 give Dy NG 140,253 dark pitkisolig (£04ma) exampte 3hbration

Preparation ofa N-Carboxypentyl thiazole orange (shown directly below)
~-Chimraly O OFre\ Brozegerne adyBlarss prepate PheinGHLBHERRER: 25

Progeavrs (areon: el vd ddn gk H(Ghaddct004)y FepBiilal 38 DNA up to
Preparation of TOTO-3 (Dye No. 14 of Table 2) [0213] The dye (354mg)

W a@%@ﬁ&éﬁ%@in@tﬁ@‘ﬁﬁzﬁ@ﬁﬁ%’%@rﬂﬁ% s AR5Po1FFo P came non-linear.

N-GarkoxypentytbiazalR orasgriteRmBottmmaliand-aitudaneA thar when
diamine (25mg, 0.42mmol). Example 33: Preparation of

m
10 EHON RAES L AR ARG Y I)aminocarbonyl)pentyl) acridine orange
chloride salt (Dye No. 111, shown directly below)

Example 45: Comparing signal strengths of AOAO-12 and SYBR Green Lin gPCR

[6226] This example demonsirates the superior property of AOAQ-12 to SYBR
Green | in fluorescence signal stremgth in ¢PCR. All real-time amplifications were
performed in 20uL reaction solution comprising 10mM Tris (pH 8.0}, 50mM K,
3.5mM MgCl2, 2mM each of dNTP, and 1 unit of AmpliTag DNA polymerase (ABI,
Foster City, CA) and various concentrations of a fluorescent monitoring dye. An
ATPB frapment (SEQ ID NO: 1) in pTOPO plasmid was amplified with 0.5uM
forward primer 5 -GAGGTCTTCACAGGTCATA-3 (BEQ ID NO: Z), 0.5pM
reverse primer 5°-CTCTTCAGCCAGCTTATC-3’ (SEQ ID NO: 3). The thermal
regimen was set at 95°C for 1 minute followed by 50 cycles of 15-second duration at
95°C, of 15-second duration at 55°C, and of 15-second duration at 72°C. Fluorescence
was measored at the 55°C stage. Consistent with an earlier report (Nath, K., ef al.,
Effects of ethidium bromide and SYBR Green I on different polymerase chain
reaction systems, J, Biochem Biophys Methods 42, 15 (2000}), SYBR Green 1
exhibited inhibition to PCR reactions, as shown in Figure 8, where Ct was delayed at
higher SYBE. Green I concenirations. Relative to SYBR Green I concentrations,
higher concentrations of AOAQO-12 could be added to reactions without exhibiting
inhibition. As a result, the final fluorescence strength with AGAO-12 could be several

folds higher, allowing for more sensitive detection. Aliematively, with AOAQ-12, 2

76



72 WO 2006/099605 PCT/US2006/009910 (H3C)zN N(CH3)~ O
N~iNH-t-OC(CH,), Cl_ [0214] Et3N (106L, 0.76mmol) and TSTU (230mg,

wB Z8mepakwere added to a suspension of 10-(5-carboxypeptyhastidifgszo
orange chloride (302mg, 0.73mmol) in DMF (3mL). The mixture was

Stiféssdséﬁsﬁa%bggm%@5@5%&9{4@%@95@%1&&1@91 b3R5 dding to

and mono t-BOC-ethylenediamine (150 mg, 0.92 mmol) followed. The
MRASIE AL FFEHRFHSm temperature for 1 hour and then concentrated
to dryness in vacuo. The residue was dissolved in CH3CN (2mL) and
prE&ﬁ)ﬂp]ﬂdéby’[ﬁhetﬁdﬂiﬁﬁmmﬁEf@mm@ The precipitate was

tant
ST Rl EELUNer o U ST MO O IRARRE Mo
1%4(”%@1@@@@9%@%@9@5éWlWeﬁQtﬁPSa@ﬁﬁfﬁ@b}%ﬁéémpie 45, with

triflugroasetaie 4ve Ii‘lgf].llﬂj'%’b§ @ﬂd}{&&tlﬁtbgﬁ%(%ag a5t (@ANsftical
SFtiNH,* 2 CF3CG2 [0215] (347m% 622mmol) was added

o GRB PRI (B ubrommeh oA (A oA e (1
at ggdenlhav-andcrrerpiaiaicednm a@@m@ﬂt@qaﬁdmwas (SEQ

oI THOVEE SoEeRint By e G e b L T S s o
so ligh (2 9Ztieg o £ xaufobieddhiiPre perhtimano DR T@rE:(Dyret Mo ic2B b cFablgure 8
d@%xlvga%p l\%fézt% O@é{?&?%@'%@a@ﬂﬁ% HrAdz-ome. 1%516 0P MiSiE: DNA

carboxypentylthiazole orange (6

o Jdemngol) ieoDiksrEithpLrithHEY Fixtinesmaer stitfedAtfodm é}ﬁwﬁéﬁh@"’s that
fortﬂ:? @c'n}étﬁé f‘qg{;é?ﬁb(?{r %@Nkﬁ?&f‘%@%@%ﬂ%&ﬂ@nﬂ]{% (AW copy number

0.095mmol f0| owed. The mixture was stirred at room temaperature Qr.2

hoemaier %mté@fe%ﬁﬁféglﬁiﬂmﬁam% R i ggen 1 in signal

re-ghigselyed in DMF (1ImL) and EtOAc (2mL) was added. The precipitate
was 73

Example 47: TO, TOTO-1 and TOTO12 in gPCR

[0228] This example demonstrates the improved property of TOTO-12 over TO
(thiazole orange, an asymmetric cyanine dye), or TOTO-1 in gPCR. All real-time
amplifications were performed as in Example 5, except that TO, TOTO-1 and TOTO-
12 were used. As shown in Figure 11, TOTO-1 compietely inhibited the PCR
reaction, while TOTO-12 gave improved Ct and improved fiuorescence intensity
relative to TO in gPCR. The TOTO-12 dimeric dye is superior to each of the TO and
TOTO-1 dyes.

Exampie 48: Absorbance and fluorescence of AGRO-7

[0229] In a manner similar to that described in connection with Example 42, the
absorbance spectra of AORO-7 were taken alone or in the presence of 2ug/ml of
salmon sperm DNA in PBS buffer, as shown in Figure 12, The emission specira of
AORQG-7 bound to DNA are shown in Figure 13. The heterodimeric dye AORO-7
comprises a monomeric AQ dye and a fluorescent non-nucleic acid rosamine RO dye.
Two emission peaks, coniributed by AQ and RO moisties, respectively, were
recorded. It was possible to record gPCR with AORO-7 in Chanzel 1 with the
excitation set at 490nm and the emission collected at 530nm, or Ex490/Em530, or in
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WO 2006/099605 PCT/US2006/009910 collected by centrifugation.
Repeated precipitation from DMF and EtOAc gave the product as orange
red solid (50.4mg) Example 36: Preparation of TOTO-12 (Dye No. 24 of

W 2BEYPI217] The dye (19.4mg) was prepared by using the BHOCEYIE 1Y

synthesize AOAQ-2 from N-carboxypentylthiazole orange (945mg,

o SRy i 5 RV RS B AT QBT (lrcuis,
0.085mmo| siExanepiey37: RYepasatd BEsDOEXEOER) (did Dye Mov25.0bs the
Table 2) [0218] The dye (32.6mg) w ared by using.the procedure to_ .
o e MR R e s R G
Onyelasns@yns KO(20BD), candeBbossorpsdhakeitetaipeAcid Res. 21(24),
57271 (1993)) (99mg, 0.212mmol) and 2,2'oxybis(ethylamine)

dilydrqehlatiderélermamo- @85 mored)- Exapgie 38: Preparation of
TO(3)TO(3)-2 (Dye No, 26 of Table 2) [0219] The, dye (28.4m S .
prg%a){@d'g@? S HGe %1888%{?#8%‘3%5{ giz@&é%oé fr"(lﬂlrrf?g&\{{jl Real time
N-gapbigxypemnyi-thiareterhled 457 oy a il Inenotpatie: ADRIGMiMDEN= optical
methyldi- i 0mg, 0.0691nmol). E ple 39:.Pr ti e
O T B ek i i e om RSy L S e 2
chieflid& (Dye Ng. ust8 cshotrsigibeothpdis ovdnis Gra FREGHS R gpurse and to
'~'8/&'e~cﬁ'zhk/'l}lé&ﬁgcéd§&§ G E%@_%Qxl{_;%&gxﬂzﬁ 0fQ) MYASIRrBPATBEYPCR was

using the procedure to synthesize Dye No. 111 from , ,
100SPEaFROXY SEHITASridinasSEGE aride asiniG, MubisHirslpaRge!-Time
manet-BRLatadaverine (aRnge k62 8mmeboExanmie-4l: PERamoies an
of 10-(5-((5-ammoniumpentyl%% inoc%rbonyl %e}g%%l) accrgj;jineora

) 6}

iBRE SR BOE R 115 oA DR T T NPy 2 PNA
CR3692: B4WQPORGIO BRI GTANE T HBRONGIABONIORIOR A1) Pyerhlaise for

113P(é§411%%2t\6\{'?nsgp Bﬁpp%%éjne %%lnj.gaz& agrgr%%%y %%et%‘MtQF %f@, R¥Een occupy
the same channels of SYBR Green L It would be advantageous to use a sequence-
specific-probe, such as a TagMan probe, and a sequence-non-specific dye of different
wavelength, such as AORO-7, in gPCR, wherein the probe provides sequence
specificity and the dye provides other parameters of the amplicon, such as melting

temperautres.

Example 50: Melting peaks monitored with AOACG-12

0231} SYBR Green [ was reported to be advantageous in that the melting
temperature of an amplicon could be detected after gPCR amplification. The meliing
temperature provides valuable information about the amplicon, as it is a function of
the size and GC content of the amplicon. No melting iemperatures could be coliected
from TagMan reactions. Meliing curves from four amplicons, 1.e., HMBS (SEQ 1D
NO: 4), RPL4 (SEQ ID NO: 5), SDHA (SEQ ID NQ: 6), and TBP (SEQ ID NG 7)
were measured from reactions amplified in the presence of AOAU-12 (Panel A) or
SYBR Green (Panel B} and are presented in Figure 15. The melting peaks coliected
with AOAG-12 correlated well with those coliected with SYBR Green . As ACAG-
12 binds DNA with high affinity but less tightly than SYBR Green I, melting
temperatures from AOAO-12 are about 2 degrees lower than those from SYBR Green
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No. 112 from Dye No. 113 (280mg, 0.467mmo1l). Example 41:

Preparation of AORO-7 (Dye No. 27 of Table 2) [0222] The compound

. &?ﬁm was prepared by using the procedure to synthesize AOTO-3 from
W ‘69 A No. 114 (35mg, 0.061mmol) and the rosamine %T/f@%ﬂﬂﬁq?ﬂﬂ

Inc. (Hayward, CA)) (40mg, 0.063mmal). E le 42; Absorpan nd .
ubréSCHRRE GPENTAL R ROROT [22H THE Ao AL Spobirh, FEcHoms
shewnii Figikre danchfkiglire Bekod fhoréseedemonsniasiahespaeties agility of
sh[%\g)r%% igure 4, of DMAO and AOAO-7, were measured separately
without D

A presence, or with DNA presence (2mg/ml of salmon sperm
DNA), in PBS buffer. All dye concentrations were adjusted to provide an

oplREIZHEnkss beeD . o at ot #n P FReTe RIS Wike AizEd b nf thdorm
abserhangepiot aRelptivere RMAC: SRR Qe ehibitea aaeshaf@l of SYBR

I ST ARG LB R R S 15 S 0 Hnl tht i
absashfnsesith ARAC anhBMAQ=shDled boimaanst. LOnADSdshiftbas less

ively, relative to free dyes. T . 74 .
respectively dﬁﬁf‘%ﬁaeeﬂ%ﬁrr eratr}éemﬂ%ﬂ%@&ﬁ%ﬁ?ﬂﬁ%ﬁ%@%Ac‘ﬁ\o-zz is

abou ?imes ower X o? e lower bac und
flucredourcen FiaAQAD- fisthal\hn tHYERE sippliidation 1gPER: Thie presence of

flueresgense.paracriding monomet:pLAQAD-Vlia claselphab SR RMAR in the

indicating that two monomers of AOAO-7 no longer quenched each other
wheressaemeltd AR Br i bifthiombt bEele ALBHR- 198 HECHEPERRibit

negative effect on the quantum yield. Example 43: Absorbance spectra of
TOTO-1 and TOTO03 [0224] In a similar manner to that described in
corihacticin HithsEBkdmphé 42 Abeiwmbsorbance spectra of TOTO-1 and

TOIOs re measur ithau L
o e e e L

PBSviffiselins ARGWn ik FRgUrens ithBdpaetrdion e rse tiffed fritiipeggncts. The
that, 1 QI OwWhighihassBRIRG Bdhatdene uialer suhsiamiatbygeyaid Ghixture

positive charges, forms an intramolecular H-dimer, or a hairpjn s@ﬁﬂwcture

WhifET&FPESY, SRIRRCH 1R9<CrrtiiifRe (P IRRRIE bR B Frgg ek Yptligdy ™ Figure
shiff sAssshown inikiguiigd sthesabsaiption specsa eiteothifDT @4lhamd loss of

TO%OG in the presence of DNA shift to a%(l)mutt ' positl
AR R R B CRLAG BY TR S g B s

Example 52: Preparation of TOTO-13 (Dye No. 29 of Tabie 2)

[6234] The dve (102mg) was prepared using the procedure to synthesize AOAG-2

(Dye No. 7 of Table 2) from N-carboxypenty! thiazole orange (102mg, 0.23mmole)
(Example 31) and 4,7,10-trioxa-1,13-tridecanediamine (23mg, 0.1mole).

Example 53: Preparation of N-(5-carboxypentyl}-4-(4-(dimethylaminojstyryl)
pyridinium bromide

[02351 A mixture of 4-N,N-dimethylaminobenzaldehyde (3g, 20mmoles}, N-(5-
carboxy-pentyl)picolinium bromide (5.6g, 20mmoles) and piperidine (2mL} in
ethanol (100mL) was heated at 60 °C overnight. The mixture was evaporated {0
drvness in vacuo. The residue was redissolved in methanol and then precipitated with

ether to give the product (6.7g).

[0236] Example 54: Preparation of STST-1% (Dye No. 31 of Table 2)
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WO 2006/099605 PCT/US2006/009910 up upon binding to DNA, and
that both TOTO-1 and TOTO-3 form similar types of DNA-dye complexes.

4: Fluorescence of AOAO-12 in response to diff j
Wgﬁﬁy '%%(ég] The fluorescence of 0.1 M AOAO-12 in ZOOmE)rgﬂé’%%%nﬁ%g{n
pr f0, 0.4,0.2 04,06, 08,10, 2.0, 4. - 8.0.and 10 .xg }
finmifgﬁtr%?orggss%%g)sa r%soﬁ rggaérr?% Sf\]ﬁi’c?trh a tf)%[%ﬁ Sf §n§1 -gltlé(arégyé‘éo 2
20Fmaigondrledtoe Wik -naszstypsaioh-d (it foneth Prasdnsosisiat )pyridinium
(Sgr%%%&aé/'aga%m%ecBekgfag%ce%%0f%@g@ﬂﬁ&eﬁ%@yvg,'&&/@%)s@{}@amm@

fluorescence was plott ainst DNA concentration, as shown in Figure
7. dilgainoobi sedn(Had Gorestdade linearly responded to DNA up to
2.04g/ml (inset). At higher concentrations of DNA, the response became
nonzlinga s APARAAMUITESsESIINEIednenselyr whisia ound to double
st

C

randed DNA th en bound to single stranded DNA. Example 45; "

R il g B KSR S B0 2 Gt 1 PR A0AO-2
[02B&imhpiis examfterdenib(fstrates: thensyiperiC- (siopdryaofiaQmerpadinium
SYBR .Green |in fl ' i =1 o
e B g A e B amioe
Trig4pt. @ 8mBokAU KCI, 3.5mM MgCI2, 2mM each of dNTP, and 1 unit
of AmpliTag DNA polymerase (ABI, Foster City, CA) and various
coneayirationsef ayfluerescent monitaring dyea Animald Byfragmert{SEQribed

ID NO; 1) ip pTOPO plasmjd was amplified wijth O. forward primer
5 RGO CATA CT CATACS (St IS D: 5, GNP cepegeg el o
5'-@RETICAGC CASSTTAT Ca@r¢SEQID NBUSHTRevthdital indditien good

ga%‘%g%%%%%%gf s’lcréﬁ?hl} edolued byiR0 eycles phdScaecont dHEUMying at

Second durationat 55C, and of 15-second duration at 72C..
Fluspsseenpesiigschisztstiroharaiassc superobaeiehioRiiueh aanfedn the

repostiNaths Lol ahoibliecteRf elbidiumbromide and-ayBR Greerckane or

different polymerase chain reaction systems, .1. Biochem Biophys dve fhat ]
Methtsdsa 51 5iO00FHG VISR e5Amenq. SMTiBReaSFIEHSN BBBCR dve that is
reagliensiasyshewnlin kg ure whenexBtivas agityatbat, bigheeSY¥8Rn PCR
Green | concentrations. Relative to SYBR Green | concentrations, higher. .
coRCEHISOTS: AR L e Re e e o Biapase =

inhijpitioitaie acpbsult; BER{ifal fhaorplscence strength with AOAO-12 could
be several

16240} A number of useful dimeric and trimeric dyes have been described. By way of
example, a dye that is suitable for covalent conjugation with, or labeling of, another
molecule to confer the nucleic acid-detecting capability of the dve on the molecule; 2
dye that is suitable for detecting the presence or absence of nucleic acid in a sample
that may or may not comprise nucleic acid; and a dye that is suitable for detecting
nucleic acid formation or a lack thereof in a sample, such as a sample that undergoes a
process suitable for nucleic acid amplification should the sample comprise a target
nucleic acid, have been described. A method for preparing any of the foregoing dyes
and a ﬁethod of using any of the foregoing dyes have also been described. Any
method of using a composition described herein is contemplated herein. A kit suitable
for determining nucleic acid formaiion or a lack thereof in a sample, which comprises
a suitabie dye of the present invention, and a suitable composition sufficient for

amplification of a target nucleic acid in a sample should i comprise a target nucleic
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folds higher, allowing for more sensitive detection. Alternatively, with
AOAO-12,a 76 WO 2006/099665 PCT/US2006/009910 less sensitive
optical device could be used in thermal cycling fluorometers, leading to

" less expensive instruments. Example 46: Titration of Human Genomic

DNA [0227] Amplifications of a UBC fragment (SEQ ID NO: 8) from
humidnigenasnpliddAsmere pafanned underigepdittongsimiardsdibse herein
set forth in Example 45, with either SYBR Green | (final absorption peak
at%%ﬁ%%ﬁ%éé@%ﬁ%%t%nan optical density of 0.025, or A495 = 0.025) or
AOAO-12 (final A495 = 0.1), except that (1) different forward and reverse
prifietbls¥esipys ArtdestARCReCRITACESS {SEE SN GG HRy relating to
5'-GCAATGAOA TG THAAA-3pHBEBID NQiil0)) wertlusepaand )ise of
series of 10-f td_dil tions of human.DNA served as he.tem%}ates. Figure
5 NS R A oI HE YE3e S aPng T Los Bbpled g and
hufrmn-& M vdewn tech G oopiesieithéswitle S YBR Goeen hodanitimdings, beliefs,
AQAOD-12. The inset shows that the, Ct value is reversi r d_ywit .
e o R ORI, R0 A AR, A e

ACWIDbE 2isievideshtipsuperich i SYRR@redmlioh Sigeral wiren e assumption,
Examplevdfiik o;l__ QJ}%&%@&%QJ 128 gnER 10228k is Wé@p@cts and

demonstrates the improved property of TOTO-I2 over TO (thiazole
ordFRJEICA ALy ARRBLHBSEY RPN HY &5 SBYCT TR GRERIRIP S R esamples
amplifisations wererperiassiad a3 BXamRIesh@EeRHAETQespT @ the full
and TOTQ- 12 were used. As shown in Figure 11, TOTO-1 completely
in}ﬁ%(?%edﬂt%g%ﬁenr% fi6H Svhile TOTO-12 gave improved Ct and

improved fluorescence intensity relative to TO in gPCR. The TOTO-12
dimeric dye is superior to each of the TO and TOTO-1 dyes. Example 48:
Absorbance and fluorescence of AORO-7 [0229] In a manner similar to

that described in connection with Example 42, the absorbance spectra of
AORO-7 were taken alone or in the presence of 2ug/ml of salmon sperm
DNA in PBS buffer, as shown in Figure 12. The emission spectra of

AORO-7 bound to DNA are shown in Figure 13. The heterodimeric dye
AORO-7
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comprises a monomeric AO dye and a fluorescent non-nucleic acid
rosamine RO dye. Two emission peaks, contributed by AO and RO
moieties, respectively, were recorded. It was possible to record gPCR
with AORO-7 in Channel 1 with itation set at 490nm and the
emission collected at 530nm, or m530, orin 77 WO 2006/099605
PCT/US2006/009910 Channel 3 with EX580/Em630, on a Chromo4 from
1A Bmlﬁéd)f_dbmmbﬁeg frisregles; ©ANBULOMmyclveakiidChaamgli the method
20/Em570) (data not shown). As the fluorescence resonance energy
transfer (FRET) effect is negligible, either monomeric dye constituent, AO
orR®Iahbechisenidsahdlropotentdys] Exampldy4 SaHetetiodinmerdye
AORO-7 in gPCR [0230] The example demonstrates the utility of AORO-7
in gPCR. Real time amplifications were performed as in Example 5,
exceptthaBROBRO-Fwith-ap optical density of 0.025 at 600nm in the final
solution was used. As showri in Figure 14, AORO-7 may be used
effectively be used to monitor the gPCR reaction course and to detect the

t|n he amplicon. n that this q as
e R e R R R i o sbour
F&eﬁl41@mby@@@1D$tenﬂom8ystederw&miﬁ&&id.hhbm‘mnw(ﬁem besre than
%%}/th[ S gxample that almost any dye of desirable wavelength
may & tailored Mto a DNA reporter dye in gPCR by methods disclosed

hereig thusasideningithe spédirabossifoentjPCR monitoring. At present,

S! Man pr se rv cupy the same channels
o B T Y D A ceY sequence.
shecifit Probe; bedhe asracTaghftmeptobbsmmd a sequence non-specific
dye of di nf wa - Iny9 in
probe pr(1 \ﬁN es}l S qal%r?ce 5%%%%%&%3@1%% réw géétt)gﬁl% fttbe and Qzis a
pairamptenstiof thedynpiicong, @a(smastmedﬁﬁg)rtenh@érattres Example 50:
Melting peaks monitored with AS# =t 31] SYBR Green | was
reported to be advantagétbisin tha eftimétemperature of an
" X -amplification. The melting

amplicon could be detected after g
temperature provides valuable infofm ﬂgn about the amplicon, asitis a
t of the amplicon. No melting

COmpIt

Formula ]
R, represents where BRIDGE attaches to the structure; and W is an anion; or

{(i1) when each of Q; and (3, is an asymmetric cyanine dye, each of the Q; and @, dye

constituents has the structure of Formula I

CHgLy H o Re
Ny oW —-—<
>—<c ChpC=
R‘:I
Re' Rg
Formuia I1

wherein R, of Formula 11 ts H; alkyl or alkenyl having 1 carbon to 6 carbons, inclusive; a

halogen; —ORg; —SRjq; ~NR R ~CN; =NH(C=0)R35; ~NHS(=00R 4 ~C(=0)NHR;;5; a
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from TagMan reactions. Melting curves from four amplicons, i.e., HMBS

(SEQ ID NO: 4), RPL4 (SEQ ID NO: 5), SDHA (SEQ ID NO: 6), and TBP

(SEQ ID NO: 7) were measured from reactions amplified in the presence

of AOAO-12 (Panel A) or SYBR Green (Panel B) and are presented in
substltwgwéswa VAHEI G PeBeS Yo B Wit HSRTS 0L > Beis dtatEa we A ipihes to
the siriBQse collected with SYBR Green I. As AOAO- 12 binds DNA with high

affinity but less tightly than SYBR Green |, melting temperatures from

when INOKGDorpgie [hsomrR e giicsssiowercthbn thos& frof S RBREGragsh Rrg any said
one of ngolgg q%/ 9@60{5 P%ﬂ 91%?9\9\6/ 9891?&194{1&5 @Qheﬂ C@ﬁcﬁg%%%ﬁqf carbon to

A ‘¢ould be’used in real time PCR réactions, melting peaks are
12 carh@ask@myxﬁ@aevhwwdacaaﬂ@fh@@is@mﬂéytﬁ@@émwmhmty%ﬂiﬂ@q@slzncluswe
[%g%;l It has been reported that qPCR reactions with SYBR Green | tend
or (iii)
to form primer-dimers, and the tendency is closely related to the

when Borderiration Bfc8vBReSReend IRha$ beat fostuiaitad teamisyBridosare 5- or

res rfor NC fT
omen S 5D R e YL DS PEIGIRRIEG TR s
atom sslfwtﬂdl ﬁfena’lématé@t This property of AOAO-12 is evident from Figure 15,

X ofF %ﬂﬁ&tﬁ% SeMg§d%§B{|@'§gﬁl&)ireaction in the presence of SYBR Green |

as an extra primer dimer peak, while the same amplification in the
n of Fpregknidesckikoaromdkhititsidnly a single, clean, and specific peak.

R of %éﬁmﬂiiel?]rq f*ﬁ“t feﬁ@f‘@r %X é?] %g%;hry.'? %te?rtgcgflltxy t‘éﬁf PB”&%%Q%’ eﬁ‘lcluswe

comprising m ome AO was stratea Specifically, AOAO-12
whereiyabekelpyinoP dRersdctisividifers it BCR | prodoetshaibre aiiurdanies from N,

O, an%rougﬁi[)%%%% éog\%)"n £3: wrmgﬁ Ia%%tlr&gpgoy\ ggﬁ? g"@ﬁ%ﬁm\%%sm an

own to riefly onltor e fluorescence s'shown in
unsubipied Al AtAOuL 2hie @mbma‘a@%ty foraerisinutas substemtialiynaihoulusive.

seiecte!&?%?oﬂl‘ ‘f@”@%ﬁ%@%‘? gﬁﬁ faadem %ﬁﬁ@@qﬁdﬁ%@%ﬁ@&ﬁ%ﬁ?ﬁ%

R. Example 52: Preparation of TOTO-13 (Dye No. 29 of Table 2
Ry of [E)@:M}HH& dye (1b2thgphat prepererd dsivigghe prdwedivelto @ﬁ}ﬁmés@@iugiw
Whereﬁ%gagképé{? MQ“IZ pf 3911%1?9 f£8pr'?ls8§"QfPXé{19?%{é thiazole FANGEiero atom

23mmol e (Example 3

scieciaqi frgm_mogaaqp,q@tﬁ@@@aﬁé@tgmﬁq@(mg%@ﬁim@q@q aryi optionally comprising 1
1o 3 hetero atom(s), inclusive, selected from N, O, and S; or (iv) represents where BRIDGE
attaches to the structure;
Rg and Ry of Formula Il in combination form a fused aromatic ring, which may be further
substituted 1 to 4 time(s), inclusive, independently, by CI1-C2, inclusive, alkyl, C1-C2,
inclusive, alkoxy, C1-C2, inclusive, alkylmercapto, or a halogen;
each of Ri¢ and Ry independently is H; alkyl having 1 carbon to 12 carbons. inclusive,
wherein the alkyl optionally incorporates 1 to 2 nitrogen(s) or an aryl; or
Rig and Ry may in combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one hetero atom selected from N and O;
only one of Ry', R4, and R» of Formula 11 represents where BRIDGE attaches to the structure;
and

¥ of Formula Il is an anion;

or
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Example 53: Preparation of

N-(5-carboxypentyl)-4-(4-(dimethylamino)styryl) pyridinium bromide

[0235] A mixture of 4-.N N-dimethylaminobenzal.dehyde (3g, 20mmoles),

N-(5- carboxy-pentyl)picolinium bromide (5.6g, 20mmoles) and piperidine

(2mL) in ethanol (100mL) was heated at 60 C overnight. The mixture was

dUahoRsta s dy e il VRS MKediss U AN FedT S SEIVEH s et ARmB): and
Q, dyead dhearesipitated withe ethesiaugiverthe product (6.79). [0236]

Example 54: Preparation of STST-19 (Dye No. 31 of Table 2) 79 WO

2006/099605 PCT/US2006/009910 |10237] The dye (85mg) was prepared

using the procedure to pr 7 XExample 7) from
N-(5-carboxypentyl)-4-(4-(dimx A. pyridinium bromide
(Example 53) (200 mg?‘@@?n-mole) nd '-cggé%gé(ethylamine)

dihydrochloride (36mg, O 2mmo|es)fRExampIe 55: Preparation of STST-27
(Dye No. 30 of Table 2) [0238] Fhemye1(81.8mg) was prepared using the
procedure to prepare AOAQ-2 (Example 7) from . . _ _
NE %zeg’rses&gé AiyT) AU R iSRRI Ty Y Mokt rBtpigve. atkyk:
(Exanile £3) K200 FagnQibmMMeleRAt where BRIDGE attaches to the structure;
4,7,10-trioxa-1,13-tridecanediamine (Aglm ,Q.2mmoles). [0239] A useful,

A ET et b6 e RS HARETC b Hag BB e SorBRRF ey i H of

Sydh;a dye may have any of a number of desirable properties, such as

relatively low background fluorescence, relatively low PCR inhibition, good_
oo o N G g B G Bl Sia R e o T ARG . R s
dyecbrvifgatimastioneNositivaichiarge Mayniave aoyefia number of
applications, suc use in the labeling of another, molecule, and such as
R LR b RSO Hbean e of ORI adli for
exaimnplecRwithel: gEna@iyndueiyaidyedhatds-Sobstantialy sipvtral, has

any of a number of applications, such as use in PCR processes or yse in |
R SELCRER O GHh HrBLaicB ok ALKl DTORAEIE il o e T Ty i
qeantiiadtven reaitinte BCGRmioriexai pieu1i24 0} Axumaerdaiuseiu

dimeric and.trimeric dyes have been described. By way of example, a dye

- thiaPis" SEate Yok G5 conjugation with, or labeling of, another

such that, if nucleic acid is present in the sample, a complex of the fluorescent nucleic acid
dye and the nucleic acid is formed; and

“detecting fluorescence associated with the complex or a lack thereof.

2. A method of determining nucleic acid formation or a lack thereof in a sample that
may or may not comprise a target nucieic acid, the method comprising:
providing a test solution comprising the sample and a fluorescent nucleic acid dye, the

fluorescent nucleic acid dve having the formula:
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molecule to confer the nucleic acid-detecting capability of the dye on the
molecule; a dye that is suitable for detecting the presence or absence of
nucleic acid in a sample that may or may not comprise nucleic acid; and a

dye that is suitable for detecting nucleic acid formation or a lack thereof in

a sample, such as a sample that undergoes a process suitable for nucleic

acid amplification should the sample comprise a target nucleic acid, have
been desertbed—#A-method for preparing any of the foregoing dyes and a
%ﬁ?%j of thgiforegoing dyes have also been described. Any
method of using a composition described herein is contemplated herein. A

kit suitable foy. determining nucleic acid formation or a lack thereof in a
sample, which*éomprises a suitable dye of the present invention, and a
switeRle cormpogitien subiiciantier aapnatidcatien efagdasaet RUEIRIBREIUSIR about
a sample should it comprise a target nucleic .80 acid, is contemplated

hetEiRC LTSk A EBIFISIIG! X c BRI OSTSH dESCHIET REPERR St thaoTe than
usefylapplicatiepe [0241] Various modifications, processes, as well as
numerouys structures relating to the description herein may be applicable,
a@WﬁI%ﬁ%MﬁBﬁé‘?&ﬁﬁ% RS BE GRary skill in the art, upon review
of)the speeifisatiomuvritons @speetmandcfgatures may have been

explain%d or described in relatjon to understandings, beliefs, theories,
UHAEHYMEASSEM BGHEe QH‘G%VWT'HE‘SIF‘%% hetic examples, although it

wijl be,uaslesiead thatianasich ditiestandiag: belieh ey, antledyiegach an

assumption, and/or working or_praophetic example is not bindjng. Although
oSy o T BB A ot e MavE e GG b FBEh SR egrutre of

Form¥afious embodiments and examples herein, it will be understood that any
of same is not limiting with respect to the full scope of the appended
claims. 81 CLAIMS 1. A method of determining presence or absence of
nucleic acid in a sample, the method compyising: exposing the nucleic
acid to a fluorescent nuclzmd"(jyéﬁa\?m ie formula; Q~ BRIDGE
~QZ wherein BRIDGE is & ﬁﬁﬁéﬁ?f‘é:np ic Tinker comprising from
about 8 to about ' Re" R

Formula Il

wherein Ry’ of Formula I is H; alkyl or alkenyl having 1 carbon to 6 carbons, mnclusive; a
halogen; ~ORg; ~SRyg; ~NR 1 Ryp; ~CN; ~NH{C=0)R3; ~NHS(=0hRy; ~C(=0)NHR;s; a
substituent associated with minor groove binding; or represents where BRIDGE attaches to
the structure;

when Ry’ of Formula IT comprises at least one of Re, Rig, Ry, Rin, Ris, Rys and Rys, any said
“one of Rg, Ryg. Ri1, Ria, Ris, Ryg and Rys, independently, is (1) H, (i) alky! having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s}, inclusive,
or (iil} an aryl,

when Ry’ of Formula IT comprises Ry; and Rpa, Ry and Ry may in combination form a 5- or
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero
atom selected from N and O,

X of Formula II is selected from O and §;

1 of Formula 1 is selected from 0, 1, and 2;

Re¢ of Formula II 1s (1) H; (it) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive,

wherein the alkyl or alkenyl optionally comprises at least one hetero atom selected from N,
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150 non-hydrogen atoms, inclusive, and wherein the linker comprises no
more than one positive charge; Qi is a fluorescent nucleic acid dye
constituent; Q2 is a fluorescent nucleic acid dye constituent; and Q, and
Q2 may be the same or different, wherein (i) when Qi and/or Q2 is a

O, angRerEmthridiHREerayE]) at st Ghe 0P 02 dive O s & phéfianthfeisitinied or an
unsub%tg@gﬂg,t%étéﬂpwée : IFQ;SHBHQi}!if 'ﬂgﬁh}r{@ﬁ? NI+ i‘Bﬂ:I%o{ifHHJPsi Ft)iilciusive,

represents where BRIDGE attaches fo the structure; and 'P is an anion; or
selectqdTOREN dacherQPatitiQ EEEAEshfe it EYahintaghes kadls sruse:

R, ofmmadﬁeiscem}t@ta s dheRunoturg, ol ormuR e TchbiRas Ny Blusive,
HH X~-(C-C)~ CN-R7 R RE'R$ Formula I'wherein R1' of Formula Il is
wherely: Bigydéy biRe dYiHRYING BN oROB ST BN SR ISV ; WatafsigeRetero atom
selecte@ROn VRO aNRIRLL o -l WREG TOMR F1 W BTRRR A s GdANHR A5 ing 1
82 substituent associated with minor groove binding; or represents where
10 3 b DRtmstla birdustse the ettt iing! Whdp RROPFeTHtIdIPEsanstisds s BRIDGE

attachieastiphe iR Rio, R11, R12, R13, R14 and R15, any said one of R9,
R10, Rn, R12, R13, R14 and RlI.,, independently, is (1) H, (i) alkyl having |
Re angdipor toormpuéatbonsombinaiaa voreraintiee alloyhaptismalyibicsrpurates further

S‘ubstifﬁ?tgdnﬁr?@efn(ﬁﬂié@ 'U§1¥sti%,(ii91 é{@(é'nmegsRéI}Q&ioﬁmiUe, alkyvl, C1-C2,
. comprises Ri, and R12, R1 and R12 may in combination form a 5- or
inclusgimatiberdd! Saturenbyise ahisaliracertang, wWkkrEeptionally comprises at

each é@aié&oﬁ‘?dhﬂ?rﬁdependenﬂy 1s H; alkyl having 1 carbon to 12 carbons, inclusive,
wherein the alkyl optionally incorporates 1 to 2 nitrogen(s) or an aryl; or

Ris and Ry7 may in combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one hetero atom selected from N and C;

only one of Ry’, R, and R; of Formula II represents where BRIDGE attaches to the structure;
and

W of Formula Ii 1s an anion:

illuminating the test solution with light at a wavelength sufficient for absorption by

the reporter dye constituent and determining fluorescent emission or a lack thereof.

3. The method of claim 1 or 2, wherein the fluorescent nucleic acid dve constituent is
selected from an acridine dye, an asymmetric cyanine dve, a symmeiric cyanine dve, a

phenanthridinium dye, and a pyromin dye, and a styry! dye.

4. The method of claim 1, wherein said nucleic acid is a product of a PCR reaction

and said detection is performed during the PCR reaction.

5. The method of claim 1, wherein at least one dve constituent of the Q; dye

constituent and the Q» dye constituent has the structure of Formula L
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atom selected from N and 0; X of Formula Il is selected from 0 and S; n of
Formula Il is selected from 0, 1, and 2; R6 of Formula Il is (i) H; (ii) alkyl or
alkenyl having 1 carbon to 10 carbons, inclusive, wherein the alkyl or
alkenyl optionally comprises at least one hetero atom selected from N, O,
and S; (iii) a halogen; (iv) -OR16;(v) -SRi6; (vi) -NR16R17; (vii) a
substituted or an unsubstituted aryl, wherein the aryl optionally comprises
1 to 3 hetero atom(s), inclusive, selected*rom N, 0, and S; or (viii)
represents where BRIDGE attathes-tQ_the.structur@; R7 of Formula Il is (i)
H; (i) alkyl or alkenyl having 1 carfjon to 10 ns, inclusive, wherein
the alkyl or alkenyl optional&;em@%s\alﬁ aryl"andmdeast one hetero
atom selected from N, 0, and S; (iii) a sukstituted or an unsubstituted aryl
optionally comprising 1 to 3 hetero atom(s), inclusive, selected from N, O,
and S; or (iv) represents where BRIDGE 8HECHES to the structure; Rs and
RB' ehEakBaia Uivieembinalion formipused: arematio [ing; whishrpayeerl! is
further substituted 1 to 4 time%%)i inclusive, independently, by CI-C2,
H: Rs hdigamuladiiyiersesents Hisn G BIkGxyIs e EINEHE S GAReRsaitb ormula
111 is -0HA halegem rashrfRif and.RT#independently is H; alkyl having 1
carbon to 12 carbons, inclusive, wherein the alkyl optionally incorporates |

tQ 2 pit l; or R16 and R17 ' ination f -
02 PCheR) L AN e MO LT ot MBI O A 2
the (), CopoiseRanidast baethetare @fdmrseledied from N and 0; only one of RI',

R6, and R7 of Formula Il represents where BRIDGE attaches to the

structure; and P of Formula Il is an amion; orH82a (iif) when either Qi or

Q2 is an acridine dye, at least one e gopstitu "of the Q1 and Q2 dye
constituents has the structurlek;‘/&)@nméqw _RiR1 R7R6N N NR6R7

2,
3 Rg Rg

Formula I1

wherein R;" of Formula I 1s H; alkyl or alkenyl having 1 carbon to 6 carbons, inclusive; a
halogen; —ORy; —SRyg; ~NRjRip ~CN; ~NH(C=O)R 3, —NHS(=O0)»R4; ~C(=O)NHR;5; a
substituent associated with minor groove binding; or represents where BRIDGE attaches to
the structurs;

when R," of Formula I comprises at least one of Ro, Ry, Ry1, Riz, Ris, Rig and Rys, any said
one of Rg, Rig, Rip, Riz. Rz, Ryg and Rys, independently, is (i) H, (ii) alkyl having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s), inclusive,

or (iii) an arvl;
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R3 T Formula Il wherein each R1 of Formula Il is independently, is H or

a CI-C2, inclusive, alkyl; one of R2 and R3 of Formula Il represents

where BRIDGE attaches to the structure; when R2 of Formula 11l

represents where BRIDGE attaches tQ the structure, R3 is H or '_Cngg;n 5 or

when Ry b Reamiie dr (iR i pre 48RS wHere BRI EA AR Hen

6-memBHNEIUEBRZIS csalasiadHQmy iy -Giih- Witk ChlBpricdy, Andast one hetero
-C(=0O)NH2; each R6 of Formula Ill independently, is H or a CI-C2,

atom SWE&\?@%&W%Q& R7 of Formula Ill independently, is H or a Cl -C2,

X of Foeisive;salky:dor eash paiaaf adjacent R6 or R7 and R1, independently,
R6 or R7 and R; may in combination form a 5- or 6-membered, saturated

n of FogmyisH it st R Shd:P SP€crmula 11l is an anion.; such that, if nucleic

Re of Belhigdresentirttheisampieca seempiexehtthelfllugnescent mueleivagidnclusive,
ye and the nucleic acid is formed; and detecting fluorescence associated
i

d
whereigy il A Lot RS IBF QPR HHE ST ISR AbtAtt BPOSRTFIAIRG nateid rom N.

0. andasid (E@maﬁ?mg&ng éagﬁitm%ﬁ(ﬁfgn a%mp_teimaNm?qgr vy mlhsgmnﬁi@%r an
a,tar et nuc eIC acid, the met Q C prising; provi mg atest so utiO\[‘l . .
unsubseawgh@% THBEIMAE 3hY QTR SIS B d-a)e e 2Ry s aspsive:

selectededaicadid gyeharingithe-fessadta widh-BIHNDGE: hiihheQ3 WBetRIBure;
Ro of ]@RID(I“:E |s.a abl ta ,,izal:ﬁ( Iipha&%lir&ﬁj}r@comprisin from Zgout 1510, i

7 of LB50EA 3b Ko Hyd FtoPhL TSI BAd WRENSh the fikEpons. inclusive,
wherei@OHPrigRs! Ne M iharptng posiivecharge, Qiisadugresceninualeiso atom

cid dye c ng#f&ug_n ..Q2 is a fluorescent nucleic acid dye constituent; Q3
seectel Lo gre Qe aRt riIC A B AL G (73| SRHGS i g sine
to 3 hdldensame( gy, diferent, whenethfiwhe NQIDQABRIRF are:pasknaNwhere BRIDGE
asymmetric cyanine dye, each of the Qi, Q2, and Q3 dye constituents has

atachh i i RBE:
Rg is H; alkyl or alkenyl having ! carbon to 10 carbons, inclusive, wherein the alkyl or
alkeny! optionally comprises at least one hetero atom selected from N, O, and §; a halogen; —
ORag; ~SRug; ~NRgR17; a substituted or an unsubstituted aryl, wherein the arvi optionally
comprises ! to 3 hetero atom(s}, inclusive, selected from halogens, N, O, and §; or represents
where BRIDGE attaches 10 the structure;
Rg' is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, wherein the alky! or
alkenyl optionally comprises at least one hetero atom selected from N, O, and S; a halogen; -
ORyg: ~SRys —NRgR17; a substituted or an unsubstituted aryl, wherein the aryl optionally
comprises | to 3 hetero atom(s), inclusive, selected from halogens, N, O, and §;
Rg and Rg' may in combination form a fused aromatic ring, which may be further substituted
I to 4 time(s), inclusive, independently, by C1-C2, inclusive, alkyl, C1-C2, inclusive, alkoxy,

C1-C2, inclusive, alkylmercapto, or a halogen;
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Formula Il: CH3"HR6 HHH -(C=C), C-N-R3 R."X R, R, Formulall
wherein R1' of Formula Il is H; alkyl or alkenyl having 1 carbon to 6
carbons, inclusive; a halogen; -OR9; -SRI(,; -NRnRiti -CN; -NH(C=0)R,3;
NHS(=0)2R14; -C(=O)NHRL1,; a substituent associated with minor groove

For anbiRelifg; or ReprbsentmwitercnBRIDGR: attdthestoR theastruetdimiondidh Ridd R4+

f Formula Il comprises Ieasgt ne of R9, Rio, RI1, R12 R13, R4 and )
et AT e U, IR ), LRt e B il 11
optionasi (i) dofiip@mbey| Ihaving tioganbvtank2ydarbons, inclusive, wherein the

alkyl gptio .incorporates | to 2 ni eré;s)_, inclusive, gﬁﬁi&% anaryl, .. .
for il R BT TPEBIOHE FEL el for P HTRes ey i coimbination
form aCombiationbtosd aidraéd Graambesed, safurated-ar thasabdradedring, comprises

Whiclpbo tionall com rises ﬁea t one hetero atom selected from N and
at leastd);n;‘( eﬁ%&?‘ﬁ?ﬂ‘iﬁ? Fsc‘s%éfl & ﬁﬂa é)’and S; n of Formula 1l is selected
onty oftost ;' 1RaNR, 2nRE ofdparsantiavthis (BRI} Blikyhar-atikeny fiavingeland

~carbon to 10 carbons, inclusive, wherein the alkyl or alkenyl optionally
¥is angpipises at least one hetero atom selected from N, 83 0, and S; (iii) a
halogen:{iMho@REO(MImSRIGLEYNTNRIERI7 6 \é”)d%'s‘égﬁgﬁﬂﬁ%ﬁt%ia%e Qy dve
_unsubstituted aryl, wherein the aryl optionally comprises 1 to 3 hetero
constityesRRY, Hrcldsie corritiea Renine soLarae IoofAm¢dbrdsents where

BRIDGE attaches to the structure; R7 of Formula Il is (i) H; (ii) alkyl or

alkenyl having 1 carbon to 10 carbofs, inclusive, wherein the alkyl or

alkenyl optionally comprises an aryl %ﬂdH&t least one hetero atom

selected from N, 0, and S; (iii) a@g ' 'eéﬁ)n_a,n unsubstituted aryl

optionally comprising 1 to 3 hete (¢ atom(gy inclusive, selected from N, 0,
and S; or (iv) represents where BRIDGE MttAches to the structure;

Formula II-A

wherein R represents where BRIDGE attaches to the structure; and

Y is an anion.

G. The method of claim 1. wherein at least one dye constituent of the Q; dve

constituent and the » dye constituent has the structure of Formula I

Formula I

wherein R; represents where BRIDGE attaches to the structure; and

YV is an anion.
10. The method of claim 1, wherein BRIDGE has the formula:

Li-[A (CH Yoo A7 -(CH2)p=Tol A’ (CHa )~ T A*(CHa )T A°-(CHa)e e
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R8 and R8' of Formula Il in combination form a fused aromatic ring, which

may be further substituted 1 to 4 time(s), inclusive, independently, by

C1-C2, inclusive, alkyl, CI-C2. inclusive, alkoxy, CI-C2, inclusive,
Ikyhnerc halo en each of RJ6,and Rte indgpendently is H;

Fﬁy‘l ﬁﬁ(h)ﬁgﬁf éarE) 9 |A@Iﬁ$|{/€H%R/ﬁerén1Ih?e alkyl optionally

incorporates 1 to 2 nltrogen(s) or an aryl; or R16 and R" may in
comhitatiath fofm, admdok 6 ﬂﬁﬁpﬂﬁi’@ﬂlﬁﬁtﬂrﬁtﬁ@ﬁ@u&@ﬁ@lﬁ&i@ #iRthgle bond; a

wh re| e rin tionally comprises at | asto hetero atom selected
R B S el BBl & AT E o 1 Ty SRR B pgionaly
Ba@ﬁﬁﬁtmdhaﬁ imtheestrociune; Sfﬁiade&’ ﬁbﬁo]‘inﬂ]aaﬂdl&;aﬂraﬂimiv} optionally
illuminatin etests U|on ith i ht at th sufficient for

Cl:?m&?mtq' mr? By (te?'léeportgifo S'CONS Ctteg%f %ﬂ‘ﬁsﬁ]ﬁng fluorescent
mausssmbrmafck thieraof A3, IRheAﬁetHodnﬁf Allﬁlmrftiqreﬁdwfn@fe'mathedeic acid-

fuorescen nucleic amdgix tu ntis. s ted fr m acridine dye
arllnfgiis1 me%rlc c?a%}{ g%%s %frai?:cg e§ Qe" de lgna Iy comprising 4t least

pheriw%kmmimumldyed drahaN\pyoniad Syer; a!nlémsmwmymtéd Fherrbethatbered

ere n sald nu elc acid js a oduct
S R R B R R e
clatin & \&he[egrﬁat Ie,ast onerdye cansgtituenitdf the idye aonstigentrom ! w©
and the Q.%éée constituent has the structure of Formula Ill: 83a R2 RI Ri
F@?% ' BR7 B3 °F Formula Ill 6. The method of claim 1, wherein
each &Ri off-ermuda i kishHaR2. dhfermutadl iss HrR3-ofFereydlaitbim 1 1o about
ﬁ é&\ts where BRIDGE attaches to the structure; each R6 of Formula
I 3Y8nd each R7 of Formula Il is -CH3. 7. The method of claim 1,
wherein one dye constituent of the Qi dye constituent and the Q2 dye

CPpstﬁlé_& Inr}em(;sdt(r)]? 325%9 %,ewq{eﬁ%rl IG}g Iggr-lr-lpl_l!is%g from about 8 to about 100

non-hvdrogen atoms, meclusive.

12. The method of claim 10, wherein each of Al Azﬁ A’ , AY AT A8 A7, AS, AQ, and
A", independently, is a NABEG comprising a moiety that comprises at least one bond
linkage that comprises at least one amide bond, urethane bond, urea bond, thiourea bond.
ether bond, or thioether bond; or an aryl optionally comprising at least one hetero atom

selected from halogens, N, O, and S.
13, The method of claim 1, wherein BRIDGE has the formula:
-(CHz)-C(=0)NH~(CHa)o-[O~(CHo)pJo-[O-(CHa )y J-NH(O=C)-( CHy),-

wherein each x, independently, 1s an integer selected from 1 to 11, inclusive; o is an integer
selected from 2 to about 20, inclusive; each of  and v, independently, is 2 or 3; b is zerc or

an integer from 1 to about 20. inchusive; and ¢ is zero or 1.

14. The method of claim 13, wherein x 1s 5; o and v are the same and are 2 or 3; f is

2:bis0. 1,2, 0or3;andcis 1.
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HHH ~~e-R7 R{ X Re Re Formula 11 wherein R' of Formula Il is H;

alkyl or alkenyl having 1 carbon to 6 carbons, inclusive; a halogen; -OR®9;

-SRio; NRi1R12; -CN; -NH(C=0)Ri3; NHS(=0)2Ri4; -C(=O)NHR15; a

substituent associated with minor groove binding; or represents where

BRIDGE attaches to the structure; when R1' of Formula Il comprises at

R e R O R S it

Rio, Ri I, R12, R13, R14 and R15, independently, Is (1) H, (ii) alkyl having

1 carbon to 12 carbons, inclusive, wherein the alkyl optionally

incorRgralesilde aruliRgen(shnelisives oy AN & WheR B Sbnsituent

Formula Il comprises R11 and R12, Rl 1 arid R1, may in combination form
and theG: dre Gometnionidds Satutanedusralisataviadd ring, which optionally

comprises at least one hetero atom selected from N and 0; X of Formula

Il is selected from 0 and S: n of Formula Il B,selected from 0, 1, and 2; R6

of Formula Il is (i) H; (ii) alkyl or alken ' arben to 10 carbons,

inclusive, wherein the alkyl or alkenyjl optionally camprises at least one

hetero atom selected from N.zr(x A 7 (hija gewr{®) -OR16;(v)

-SR16; (vi) -NR16R"; (vii) a substituted or a#, urt8ubstituted aryl, wherein

the aryl optionally comprises 1 to 3 hetero atom(s), inclusive, selected

from N, 0, and S; or (viii) represents where BRIDGE attaches to the

structure; R7 of Formula Il is (i) H; (ii) al%}flgraa enyl having 1 carbon to
10 carbons, inclusive, wherein the alkyl or alkenyl optionally comprises an
arhen a846dst Brié hetero atom selected from N, 0, and S; (iii) a
sybstityted or an unsubstituted aryl optionally comprising 1 to 3 hetero
atom(s), inclusive, selected from N. 0, and S; or (iv) represents where
BRIDGEsatauhest8 e StrudtarbeR8 Bastangaer alkeny,. having |
cggpg%qsl_(}:@%r;bons, inclusive, wherein the alkyl or alkenyl optionally

comprises at least one hetero atom selected from N, 0, and S; a halogen;
-each Ry 1s —CHa; and

Y is an anion.

17. The method of claim 13, wherein each dve constituent of the Q) dye constituent

and the Q; dye constituent has the structure of Formula II:

oy ¥ H o Re
o HOH W
N T T e
(T F(CFCH T N-R7
R X i
REI RE
Formula If
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OR16; -SR16; -NR16R17; a substituted or an unsubstituted aryl, wherein

the aryl optionally comprises 1 to 3 hetero atom(s), inclusive, selected

from halogens, N, 0, and S; or represents where BRIDGE attaches to the
structure; Rs' is H; alkyl or alkenyl having | carbon to 10 carbons,

inclusive, wherein the alkyl or alkenyl optionally comprises at least one

hetero atom selected from N, 0, and S; a halogen; - OR16; -SR16;

-NR16R histBosubstituted ar amsapubsiituted anbawharein the@ndye constituent

optionally comprises | to 3 hetero atom(s), inclusive, selected from
and thi, G dnONIBCEhRS ?}ﬁsg‘ﬁﬁ?}‘ﬁ‘go%?}jm‘%%ﬁhation form a fused

aromatic ring, which may be further substituted 1 to 4 time(s), inclusive,

independently, by Ci-C2, inclusive, dlkyl, CI-C2, inclusive, alkoxy, CI-C2,

inclusive, alkylmercapto, or a halogeft: 854For any R6. R8, or R8' that

comprises at least one of R16 aﬁ;l,é y said one of R16 and R17

thereof, independently, is H; alkyl a\S/ing. I\ bon to 12 carbons, inclusive,

wherein the alkyl optionally incorporates | to 2 nitrogen(s) or an aryl; for

any R6, R8, and R8' that comprises R16 and R17, R16 and R17 thereof

may in combination form a 5- or etRi8Hlsied saturated or unsaturated

ring, wherein the ring optionally comprises at least one hetero atom

selegtad Rorpamnts Oviaty BIREDG IRAtRbe Ré arctiRE:represents where

BRIDGE attaches to the structure; and 'P is an anion. 8. The method of

clhith 3 Hfdtein at least one dye constituent of the Qi dye constituent

and the Q2 dye constituent has the structure of Formula Il-A: 4 CH; H H-

NI H (e - iR, o Hidzn RormiartinAwherainRédepigsentsewedes constituent

BRIDGE attaches to the structure; a %ﬁn anion. 9. The method of

Pi
and th (03 GRSV RS SRR GVE BrtNER: bf the Qi dye

Formula |

wherein R represents where BRIDGE attaches to the structure; and

¥ i an anton.

20. The method of claim 1 or 4, wherein the fluorescent nucleic acid dve has the

structure:

N(CH, fHaC)zN\

= =
Q 2¥ . §_‘/

o
p“mﬁ/\/ox/\ﬁ)\/\/\/wx g
&

NCH;), {HLCN
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constituent and the Q2 dye constituent has the structure of Formula I:
H2N NH2 -N+ R, Formula | wherein R1 represents where BRIDGE
attaches to the structure; and F is an anion. 10. The method of claim I.
wherein BRIDGE has the formula: -1,1-[A"(CH2)
-la[A2-(CH2)p-]b[A'-/(CH2)v 10[A4-(CFI2)&-~U~~'~-.1~- 86
[A6-(CH2)C-]f[A'-(CH2)n-];[A$-(CH2)e }i,[A) COHz)- 1~ Ago L wherein
eabbrghl gridok 2 lindependently, is a moiety comprising a single bond; a
polymethylene unit having 1 carbon to about 12 carbons, inclusive,
optionally comprising at least.one hetero atom selected from N. 0 and 5;
or an aryf)or?tlona ly combrl's‘ingnéltuleast one hetero atom selected from N,
0 and S; each of A', A2, A3, A4, A5, A6, A7, As, A9, and A10,
independently, is a nuclei@ac’rdrbﬁ@hﬁeiﬁ@-group (NABEG); a
branched alkyl optionally comprising at least one hetero atom selected
from N. 0 and 5; or at least one saturated 5- or 6-membered ring,
ogtishailpesaTpRsING aicasist SifecrBEERIcETomM selected from N, 0 and S;
eachs f B Redbedr Bufed A0 dyindapandantly, s zero or an integer from |
to_about 20, inclusive; and each of a, b. ¢, d, e, f, g, h, and |,
indepEhdety, 18 fis6261a tidefsrHdMeIets about 20, inclusive. 11. The
negthod; of elaipa 40, avbherein, BBIRGE €amPHsE: oM @RAULR tnaReMt than one

. 100 non-hydrogen atoms, inclusive. 12. The method of claim 10, wherein
POSIIVELRRIGE AANAY DA NAR O g hasatha Somattlang A70, independently, is a
NABEG.comprising 3 maistyfhat semprisesal jeas},one bondulinkage
th_a!t? ?gnﬁ@s a}trqegt oﬁzgaﬁde%on%iﬁgthaflneﬁ%%n?ﬁure(al?béﬂd?cg
thibuf6albonkl ActtdiDen] o thidethdr Bor@ e ah-drytbptionally

comprising at least one hetero atom selected from halogens, N, 0, and S.

13. The method of Gl 1 herein BRINGERASNE I0MMA: comprising a single
bond; (it) a polymethylene unit having ! carbon to about 12 carbons, inclusive,
wherein the polymethylene unit optionally comprises at least one hetero atom selected
from N, O and S; or (iil) an ary! optionally comprising at least one hetero atom
selected from N, Cand S;

each of A', Al A° , A4, A% AR AT Ag, Ag, and A , Independently, is a (i)
nucleic-acid-binding-enhancing-group (NABEG); (i) a branched alkyl optionally
comprising at ieast one hetero atom selected from N, O and S; or {iii) at least one
saturated 5- or 6-membered ring, optionally comprising at least one hetero atom
selected from N, O and §;

each of &, B, v, 8, g, {, 1, 8, and 1, independently, is zerc or an integer from 1

1o about 20, inclusive; and
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-(CH2)a c(=0)NH-(GH2)a[0-(CH2)ah-[0-(CH2)ylc-NH(0=C)-(cH2) wherein

each x, independently, is an integer selected from | to 11, inclusive; a is

an integer selected from 2 to about 20, inclusive; each of (3 and vy,
independently, is 2 or 3; b is zero or an. integer from | to about 20,

inclusive; and c is zero or 1. 14, The method of claim 13, wherein ais 5; a

and y are the same apd.are 2 073 i5a2:0isRdu?. 913:80dsish 2.3 from 1 1o
The method of claim 13, wheérein Qi and Q2 are thié same. 16. The
nabthibdGRBtRNVE3, wherein each dye constituent of the Q, dye

C%I?HEH%Q; .and the Q2 dye constituent has the structure of Formula Il

R2 RR R7R6N N'NR6R7 R3 T Formula lll wherein each R1 is H; R2 is

H; R3 reprebants whérs BRIDGE cneathad northal serpitinas! @mch(RB ind Q2 is a
“CHRRARRTR aGHR AN YSlR AR NPk LT ENe method of claim 13,
wherein each dye ¢onstituent of the Qi dye constituent and the Q2 dye
constituent has the structyfg.Q i ,@. RB, ~~YNtH HH '}~~ N-R7

Re R5 Formula Il 88 18. Zrhe nethod of.cfaim 1§, wherein each dye
constituent of the Q) dye constituerx
structure of Formula II-A:

mnd the Q2 dye constituent has the
R
"y

Formula |

wherein R; represents where BRIDGE attaches to the structure;

and V¥ of Formula [ is an anion; or

ii) when each of Q; and Q, is an asymmetric cvanine dve, the asymmetric
cyanine dye has the structure of Formula If:
CHy T H  Rg
S

F—(C=Ci-C={  N-R;

X e

I
Re' Rs

Formula JI

wherein R’ of Formula II is H; alky! or alkeny! having 1 carbon to 6 carbons, inclusive; a

halogen; ~ORg: ~SRig —NR 1Rz —CN; =NH(C=0)Ry3; -NHS{(=0)R4; ~C(=O)NHR;s: a

substituent associated with minor groove binding; or represents where BRIDGE attaches to

the structure;

when R’ of Formula Il comprises at least one of Re, Rig, Ri1, Riz. Ris, Ryg and Rys, any said

one of Rg, Ryg, Rit, Riz. Rya. Ryg and Rys, independently, is (i) H, (i1} alkyl having 1 carbon to

12 carbons, inclusive, wherein the alky! optionally incorporates 1 to 2 nitrogen(s), inclusive,

or {1ii) an aryl;

when R’ of Formula II comprises Ry; and Rz, Ry and Ry may in combination form a 5- or

6-membered, saturated or unsaturated ring, which optionally comprises af least one hetero

atormn selected from N and O

X of Formuia I} is selected from O and S;
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vP, CH, H(H stZ5 Formula LI-A wherein R7 represents where
BRIDGE attaches to the structure; and T is an anion. 19. The method of
claim 13, wherein each dye constituent of the Q) dye constituent and the

fFQZ}(Jiy cons ituth_has hz s%rﬁ ture of Formula 1: H2 N NH2 -N' R,
n of Pl ISWHEFSTHA By Pelrestiits where BRIDGE attaches to the structure;

Rs of @agmubidsIansaiior; 2Q; Themethnaoficiaimncor 4awhareinithedlborssestiusive,
nucleic acid dye has the. structure: N(CH3)' (H,C)3N. N(CH), (H,C),N .
where{BEHIE [ FOFCR, PR pBaTor: ﬁa&ﬁ?attﬂaeféﬁm?a?%ﬁ?ﬁ&é& from .
0, an@B; Qiiis & fuorescent nuoleig @gid-dyre, conslitusiRt;R2.isdifluoraseenited or an
nucleic acid dye constituent; and Q, and Q2. may. be the same or different, .
s S G HorCes B OUEH o ABBES0 O BRI A g v
select@nfidi® Mavedh@n anevipstpresehargbcans NeErS nBRIRGE thasitheture;

R of PSR (B ASIhER Db GRS AL CHagmeclose
where[A-(ReHZK I A AEER), | ]pfibBa(CH)OI RO AC H2) - 4rl7 sk Aeast one hetero atom
setected from N, O, and S; (1i1) a substituted or an unsubstituted aryl optionally comprising 1
to 3 hetero atom(s), inclusive, selected from N, O, and S; or (iv) represents where BRIDGE
attaches to the structure;
Rg and Rg" of Formula II in combination form a fused aromatic ring, which may be further
substituted 1 to 4 time(s), inclusive, independently, by C1-C2, inéiusive, alkyi, C1-C2,
inclusive, alkoxy, C1-C2, inclusive, alkylmercapto, or a halogen:
each of Rig and Ri7 independentiy 1s H; alkyl having 1 carbon to 12 carbons, inclusive,
wherein the alkyl optionally incorporates 1 to 2 nitrogen(s) or an aryl; or
Ri¢ and Ry7 may in combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one heterc atom selected from N and G;
only one of R}’ Rs. Ry and Rg represents where BRIDGE attaches to the structure; and W of
Formula II 1s an amon; or

(iii) when either Q; or Q- is an acridine dye, at least one dye constituent of the

(1 and ; dye constituents has the structure of Formula III:

Rz
R ‘\ S S R
[
RrReN” 7 N NRGR;

R, ¥
Formula 111
wherein each Ry of Formula HI 1s independently, is H or a C1-C2, inclusive, alkyl;
one of Ry and R of Formula IIT represents where BRIDGE attaches to the structure;
when R; of Formula [T represents where BRIDGE attaches to the structure, R is H or
-CHa;
when R: of Formula 111 represents where BRIDGE attaches to the structure, Ry is

setected from H, —CHs, ~INH,, -NHCH;, —CN, and —-C(=0)NH;:
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wherein each of LI and L2, independently, is (i) a moiety comprising a
single bond; (ii) a polymethylene unit having 1 carbon to about 12
carbons, inclusive, wherein the polymethylene unit optionally comprises
at least o hete gfem sele from N, O .or g‘s? %
opat‘la(i}nﬁaflIyr%g%?n|751HsmgE a?(}e% onejhe%g_:[ooé OQPZ{;G é& romT%fY and S:
eaxcth 8f; Al ARMAla AR, AG Ao ASS H%rwﬁ%@@,,amﬂmimdﬁnﬂy, is a (i)

nucleic-acid-bi enhancin roup ng7) % chelgalk ,
o%tloehazglJ yP comqrf)dr?g”mg aﬁ% %lfe Peterb A6 rE)r%r foaﬁxri]&;may in

ofdiiipabteastione sajurated-henibbradenheredding, mﬁmnalbdcﬁmrisimig‘? of
Ieas one hetero atom selected from N. 0 and S; each of a, (5, v, 6, S,
?Emﬁ a&:ﬁi 't hti&f&ndently, is zero or an integer from 1 to about 20,
|ncIu5|ve, and 90 each of a, b, c, d, e, f, g, h, and i, independently, is zero
ofan megmimtioto oalbdait2Q] inslusisie; BRIPUIthepwheseinfipwharo@i 12 to
or X nal thridinium dye, at least one of Qi and Q2 is a
about gﬁeng}lmrl ﬁae;apr%t% e ﬁ%\%\% the structure of Formula I: H2 NH2 R1
Formula | wherein RI represents where BRIDGE attaches to the structure;
antt W BE FOFGIET9E an alsion: 20k iyheren SHesHQramarossidram about 15 to
about 2EYIMEIHS ggglgi{gglgmcmg\@symmetric eyanine dye has the structure of
Formula ll: CH,THR6 NHHH~j={1X~IC-C)n C~ N-R7 R, RB'Rg

Formula Il . : . . -
24, The composition of claim 21, wherein , is selected from an acridine dye, an

asymmetric cyanine dye, a symmetric cyanine dve, a phenanthridinium dye, a pyronin dye,
and a styryl dye, and Q> is selected from an acridine dye, an asymmetric cyanine dve, a

symmetric cyanine dye, a phenanthridinium dve, a pyronin dve, and a styryl dye.

25. The composition of claim 24, wherein each of Q; and (, is an acridine dye

having the structure of Formula 1L

Re
Rins SR
t J\/[\
R/RgN™ ™ “NY ™ NRgRy
Ry P
3
Formula I

wherem each Ry, independently, ts H or a C1-C2, inclusive, alkyl;

one of R, and Rj represents where BRIDGE attaches to the structure;

when Ra represents where BRIDGE attaches to the structure, Rs is H or —CHs;

when Rj represents where BRIDGE attaches to the structure, R, is selected from H, —
CHj, -NH,, -NHCH;, —CN, and ~-C{=0)NH;;

each Re. independently, 1s H or a C1-C2, inclusive, alkyl,
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wherein R1' of Formula Il is H; alkyl or alkenyl having 1 carbon to 6
carbons, inclusive; a halogen; -OR9; -SRI0; -NR>>Ri2; -CN; NH(C=0)Ri3;
-NHS(=0)2Ri4; -C(=O)NHRIs; a substituent associated with minor groove
binding; or represents where BRIDGE attaches to the structure; when Ri’
chFonukdbpcodeptisess dt lwast orfielofRBIsE(alRil1, R12, R13, R14 and

15 id f R10; 2, Ri .
E&de%%%yd%%r?‘:lﬁf?sg ‘gf%ﬁ,ﬁ(n %liggﬁ;a\%gﬁ,gggegg%ﬂe%gn%{%%& 7inacl:]lctijs}i{\}ei,my -
whegirntoe &Ryl optionatyéntonsdraterdied orninwgen(s), inglugive, or
({i})iggnaﬂ{éjwhen Rj" of Formula Il comprises R1 and R;2, R11 and R12
may In combination form a 5- or 6-membered, saturated or unsaturated

ring, which optionally comprises at least one hetero atom selected from N

alfd Gi epFppsitifg IPisciBBciédfraim Dhmels cath Rofatdionuldd|lid is H: R; of
Formuﬁdeiﬁ_cfbegi;f rﬁgbp Fgmﬂﬂﬁ gfl'?@pf@fs&%@%@rg Eﬁﬁb‘dﬂ'}i('é)c@ms% %eﬂﬁlkc‘zure; gach

having | carbon to 10 carbons, inclusive, wherein the alkyl or alkeny
R of Tspaoally torkplisaaaeich&ond pavets Biom-Sefected from N. 0, and S;
' (i) a halogen; (iv) -OR16;(v) -SR16; (vi) -NR16RI7; (vii) a substituted or
ary, unssibshitdiediasy| ovherpin the and-eptionall camprizesyhitid BeterQs the
atom(s), inclusive, selected from N. 0, and S; or (viii) represents where
structERJEE M Bhes to the structure; R7 of Formula Il is (i) H: (ii) alkyl or
alkenyl having | carbon to 10 carbons, inclusive, wherein the alkyl or
alkenyl optionally comprises an arytaiid at least ope hetero atom
selected from N, 0, and S; (iii) ; tit@;?df?xr unsubstituted aryl
optionally comprising 1 tog3 ; tom %3, in Ive, selected from N, O,
and S; or (iv) represents where BRIDGE att&hesto the structure; R8 and
R8' of Formula Il in combination form a fused aromatic ring, which may be
further substituted 1 to 4 time(s), irfalusivia, independently, by CI-C2,
inclusive, alkyl, CI-C2, inclusive, alkoxy, C1-C2, inclusive, alkylmercapto,
or-.a halogen: each of R16.and R17 independently is H; alkyl having1 . .
where e e e e koot ST e o
halogeto 2Oirogeris): ondR; dRyl; GICRIL6-AilH RAT) Ray HNEIHEINARON faiR@BHR 5; 2
membered saturated. or unsgturated ring, wherein the

substiiggmq_assomaei With ML Groove tihaifd: o1 J%)reseﬁts W(il%}'_e @?888%05]%1'&165 to
comprises at least one porero atom se ecte om an ;

the structure;

when R;" of Formula I comprises at least one of Rg, Ryg. Rii. Riz. Ris, Ryg and Rys, any said
one of R, Rig, Rip, Rz, Ris, Rys and Rys, independently, is (1) H, {ii) alky! having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2 nitrogen(s), inclusive,
or (i1} an arvl;

when R’ of Formula Il comprises Ry; and Ry, Ry, and R;; may in combination form a 3- or
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero
atom selected from N and O

X of Formula I1 is selected from O and S;

n of Formula 1] 1s selected from G, 1, and 2;

R¢ of Formula 1T 1s (i) H; (ii) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive,

wherein the alkyl or alkenyl optionally
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only one of R1', R6, R7 and Rs represents where BRIDGE attaches to the
structure; and 'P of Formula Il is an anion; or (iii) when either Q, or Q2 is
an acridine dye, at least one dye constituent of the QI and Q2 dye
constituents has the structure of Formula lll: RZ R1 Rr R7R6N | N*
compriNR BRZ4RBohe Fermauladthwhlersid &ach IR 1 ofdEdrimula | ik isindepamdertiis.(v)
iSHoO -C.2, inclusive, alkyl: one of R2 and R3 of Formula jll . : :
SR, S N S B S R o N T SRS, st gty
compri$esebresemswh eterBRIDGHsittackestedhestrugiube aR3 & HrdvisC kkpresents

=, of Formula Il represents where BRIDGE attaches to the
Wheregt?ﬁgée%? afl?gsrg(él%&g%"#éur%e’lﬁ. _CH3, -NH2, -NFICH3, -CN, and

Ry of Ko@OMNH2s91akach) Rkt Formbulayillimdepehderitly; i® Hbrar@is€2inclusive,
inclusi Ikyl; Farm . independently, i raCl-

wherel AT 1 o EEED DO e ol B 1 ESHE gy wom

selecteRBromRY, AhaR1Smal in scbshibitationaommsalBtioné mointrsrenh batompsting 1

. ted ring; ladll .ani . e =
to 3 he%%%%%%@%ﬂﬂ%@@%ﬂt@é ijr:&H“Rﬁ'S% R PSR, %gﬁgl-g%%tatwﬁeit-o BRIDGE

claim 21, wherein B comprises‘fr
attachesdoib&Omghsteydrogen atoms, inclusive. 23. The composition of claim 21,

Ry s WNEIER @F&R&EPQQ%%(??S %g‘:g%ﬁ?&%1§a£80ﬁ’§?%@%Q&”W%‘?ﬁ%ﬂe alkyl or

atoms, inclusive. 24 on of claim 21, wherein Q, Is selecte
alkenvfroptienBridingribpe aafeassymrheiio elipmmisrdedins, BosyMnietdodfarimelogen; —

OR,¢; W%, 2 RRANARAIN igi%@i €4 %szﬁo&il@x@éﬁm?é&da?y%}X%e%ﬁ’ ARARP Bionatly

selected frorm an acridine ye, an asymmetric cyariine dye, a symmietric
compresgariinie dhetcaophemanthndingive dyeckplronihadyectsndlalstpng Syer tresents
where 18 620PRASIHON Qf glaim, 24, wherein each of Qi and Q2 is an acridine

dye having the structure of Formula llI:
Ry 1s H; alky! or alkenyl having 1 carbon to 10 carbons, inclusive, wherein the alkyl or

alkenyl optionally comprises at least one hetero atom selected from N, O, and S; a halogen; -
ORje; —SRe; =NRgRy7; a substituted or an unsubstituted aryl, wherein the aryl optionally
comprises | to 3 hetero atom(s), inclusive, selected from halogens, N, O, and S;

Ry and Ry’ may in combination form a fused aromatic ring, which may be further substituted
1 1o 4 time(s), inclusive, independently, by C1-C2, inclusive, alkyl, C1-C2, inclusive, alkoxy,
C1-C2, inclusive, alkylmercapto, or a halogen;

For any Rg. Rg. or Ry that comprises at least one of Ry and R;7, any said one of Ry¢ and Ry
thereof, independently, is H; alkyl having 1 carbon to 12 carbons, inclusive, wherein the alkyl
optionally mcorporates 1 to 2 nitrogen(s) or an aryl;

for any Ry, Ry, and Ry that comprises Ri¢ and Ri7, Ryg and R;; thereof mayv in combination
form a 5- or 6-membered saturated or unsaturated ring, wherein the ring optionally comprises
at least one hetero atom selected from N and O,

only one of R, Rg, R; and Ry represents where BRIDGE attaches to the structure; and
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R2 R, ~~~RT 1:~C R7R6N N'I')- R3'I' Formula Ill wherein each R1,
independently, is H or a CI-C2, inclusive, alkyl; one of R2 and R3
represents where BRIDGE attaches to the structure; when Rz represents
where BRIDGE attaches to the structure, R3 is H or -CH3; when R3
¥ is akepiesents where BRIDGE attaches to the structure, R2 is selected from
H, - CH3, NH2, -NHCH3, -CN, and 2; each R6, independently
i h1 o' CPER T tsRle SR 61 BE F%F%‘?euﬁa%fﬁ‘é’??&ﬂﬁﬂ%ﬁ’ ropy hes the
structeeloCReingIlSIMe, -alkyl; for each pair of adjacent R6 or R, and R1,
independently, R6 or R7 and R1 may in combination form a 5- or
6-membered, saturated or unsaturated ring; and W is an anion. 26. The
composition of claim 21 or 25, where(;p eaﬁch R1 of Formula Il is H; R2 of
Formula Il is H; R3 of Formula | where BRIDGE attaches to
the structure; each R6 of Form MHSIS CH3"and each R7 of Formula Il
is -CH3. 27. The composition of claim 24, \ erein the asymmetric cyanine
dye has the structure of Formula ll: CH3iIFHRe HIHH _ R, Re'Re
Formula Il wherein R1' of Formulaghis,idaalkyl or alkenyl having 1 carbon
to 6 carbons, inclusive; a halogen; -OR9; -SRio; -NR11R12; -CN;

-NH c=0 N bstit ted with mi
b Bl 0P ST URGTe BTG ANAEREe e S0

‘P is an anion.

29. The composition of claim 21, wherein Q1 and/or Q2 is a phenanthridinium dye

“having the structure of Formula I:

Formula [

30. The composition of claim 21, wherein BRIDGE has the formula:

~(CHa)- C(=OINH~(CH2) o [C-(CH)p Jo- O-{CHz)y - NH{O=C)-(CHa -

wherein each x, independently, is an integer selected from 1 to 11, inclusive: o is an
integer selected from 2 to about 20, inclusive; each of § and v, independently, is 2 or 3;: b is

zero or an integer from 1 to about 20, inclusive; and ¢ 18 zero or 1.

31. The composition of claim 30, wherein x is 5; o and v are the same and are 2 or 3;

Bis2:bis(, 1.2,0r3;and cis 1.
32. The composition of claim 30, wherein Q; and Q; are the same.

33. The composition of claim 30, wherein each dye constituent of the {; dye
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the structure: when R1' of Formula Il comprises at least one of R9, Rio,
R11, R12, R13, R4 and R15, any said one of R9, Rio, R11, R12, R13,
R14 and Ri5, independently, is (i) H, (ii) alkyl having 1 carbon to 12
carbons, inclusive, wherein the alkyl optionally incorporates 1 to 2
ritregysnds) aintibsile dor ¢insatuanyhaytensRutofEofmotatlzdihprises
R11 and R,2, R11 and R12 may in combination form a 5- or 6-membered,
saturated or unsaturated ring, which optiorrally comprises at least one
hetero atom selected from N and,Q; Ha Il #s selected from 0 and
S: n of Formula 11 is selected from ?; R4 of Formula Il is (i) H;
(ii) alkyl or alkenyl having | carthamto 1 CagponsTinclagive, wherein the
alkyl or alkenyl optionally 92 comprises at l;égast @ne hetero atom selected
from N, 0, and S; (iii) a halogen; (iv) -OR16;(v) -SR16; (vi) NR16R"; (vii) a
substituted or an unsubstituted aryl, wherein, the. aryl optionally comprises
1 to 3 hetero atom(s), inclusive, selectegmom , 0, and S; or (viii)
represents where BRIDGE attaches to the structure; R7 of Formula li is
(hetsitigaatkyd:or &lkenyl having 1 carbon to 10 carbons, inclusive,

elFSei'g the alkyl or alkenyl optionally comprises an aryl and at least one
hetero atom selected from N, 0, and S; (iii) a substituted or an
uRsitistitgrsearyroBlid Al edmpeisingit stougthetero atom(s), inclusive,
sgAgﬁtﬁd fropiN, 0, and S; or (iv) represents where BRIDGE attaches to
the structure; R8 is H; alkyl or alkenyl having | carbon to 10 carbons,
||¢@R15R(elswﬁéielﬁ*tﬁe alkyl or alkenyl optionally comprises at least one
hlgjéiglggg} selected from N, 0, and S; a halogen; - OR6; -SRr6;

7 a substituted or an unsubstituted aryl, wherein the aryl

optionally comprises | to 3 hetero atom(s), inclusive, selected from
hafogEhs. IIPOaNES Br $kpie sEhtSV ke BRIDGE seaehes) fiethe Qi dye

consnﬁ%ﬂcgﬁ'&?’tk@%} 15i5h alkyh Qe alkgayhbaving k- carmanip.tGcarbons,

inclusive, wherein the alkyl or alkenyl optionally comprises at least one
hetero atom selected from N, 0, and §; a halogen - OR16; -SR16;

-NRI6R17; a substituted or an ns sgtqqteq Wwherein the aryl
optionally comprises 1 to Sgét%/o afecem@);:m/\ , selected from

halogens, N. 0, and S; R¢

Formula I

95



R8 and R8' may in combination form a fused aromatic ring, which may be
further substituted | to 4 time(s), inclusive, independently, by CI-C2,
inclusive, alkyl, CI-C2, inclusive, alkoxy. C1-C2, inclusive, alkylmercapto,
or a halogen; For any R6, R8, or R8' that comprises at least one of R16
and R17, any said one of R16 and R17 thereof, independently, is H; alkyl
having 1 carbon to 12 carbons, inclusive, wherein the alkyl optionally

iG@Ofp@@t%ﬁqﬁﬂﬁﬁﬁoﬁﬁﬁ(%&)rﬁﬁ abréar %@MB@B@@%&B@E Hakhe Q, dye
comprises R16 and R17, R16 and R17 thereof may in combination form a

ConSiET B e SHTHHEH BRUHSAHATET g Rl the ring
optionally comprises at least one hetero atom selected from N and O;
only one of R1', R6, R, and R8 repreésents where BRIDGE attaches to the
structure; and 93 T is an anion. 28. ﬂae mposition of claim 27, wherein
the asymmetric cyanine dye has| tﬁe \str ure-of Formula II-A: 'p CH; H H
N H~-C=N-R, S"dFormula li- Awhierei represents where BRIDGE
attaches to the structure; and W is an aniorn. 29. The composition of claim
21, wherein Q1 and/or Q2 is a phenanthridinium dye having the structure
of Formula I: H2N NH2 rRI-N Forn®@Bua8-Fhe composition of claim 21,
wherein BRIDGE has the formula:

- (20 REFENINHC W Bac [SRITIHE) Bitaded (2 ke NI 0d)-(CH2)x

wherein each x, independently, is an integer selected from 1 to 11,

inCISNIUOR an

36. The composition of claim 30, wherein each dve constituent of the Q; dye

constituent and the (3, dye constituent has the structure of Formula I:

Fomm}a I

wherein R represents where BRIDGE attaches to the structure; and

Y is an amon.

37. A dye having the structure:

N{CH), {HaChN

Y o
v

Q\ ; \/\/\)LN/\/O\/\N/U\/\/\/NT
H H
<\m</ | N/
N(CHa)2 (HyClN

wherein His I or CI'.

38. A dve having the structure:
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integer selected from 2 to about 20, inclusive; each of (3and y_
independently, is 2 or 3; b is zero or an integer from 1 to about 20,
inclusive; and c is zero or 1. 31. The composition of claim 30, wherein xis
5; a and -y are the same and are 2 or 3; is 2;bis0, 1, 2, or 3; and c is 1.
32. The composition of claim 30, wherein Q, and Q2 are the same. 33.
The composition of claim 30, wherein each dye constituent of the Q, dye
94 constitugnt and the Q2 dye constituent has the”sgmcture of Formula IlI:
R2 RI \g\;g R7R6N N+ NR6R;, R3 T Formula lll whetgin each R1 is H;
R2is H; represe ts Where BRIDGE attaﬁe;z'%%:\ tructure; each R6
is CH3 ) Wriscan-angjon bmposition of
claim Bduwhereln each dye constltuent of the Qi dye tofistituent and the
Q2 dye con$tituent has the structure of Formula 11#GH3 H HHHRG6 (ec)n
C__ N-R7 X ~-=1R8' RB Formula Il 95 35. The composition of claim 30,
whiesait gaghityeionstituent of the Q' dye constituent and the Q2 dye
constituent has the structure of Formula II-A: w

39. A dye having the structure:

2%

TN S )
@S%EENWN)\NH/\/\O»VO\/\O/\/\N{\/\/\,\gE—& *:i !
7N i

wherein WV is I or Cl.

40. A dye having the structure:

N

N 29 P A

5 I | ke [
i | i |

K‘/\f\r«\/\/\/J\Nl_I/\\/ﬂ--.o/*\/ﬁ\/\o/\_/\N__n/\/\/\N*f N

[ 5 = ; © ! e
| ; i i :

f/ # NH;

NH,

wherein ¥ i1s T or Cl'.

41, A composition having the formula:

i

|
Qs ,

wherein BRIDGE is a substantially aliphatic linker comprising from about 15 to about

150 non-hydrogen atoms,
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CHHH ~N-R-~N h S Formula II-A wherein R7 represents where
BRIDGE attaches to the structure; and P is an anion. 36. The
composition of claim 30, wherein each dye constituent of the Q; dye
constituent and the Q2 dye constituent has the structure of Formula I: H2
NG veNdh RvHerEArRb i kW he Fa iR R reP IR SRS WBRES BRINGEarge:
attaches to the structure; and P is an anion. 37. A dye having the
sRuEtdrEUNEeHBs 2 ofd dxe @pLtugE N(CH3)2 (H3C)3N wherein
‘@%s':a?fu@ﬁes%%nﬁﬁé’i%i@%!@%ﬁ@%éﬁ@ﬁ%fﬁi 96 N(GH)z (H,C),N 2Y GO \

H H KV /~ N(CHa), (H3C)2N '
(5 is a fluorescent nucleic acid dye constituent; and

Q1, Qz, and Q3 may be the same or different. wherein when Q. Q,, and Qs are each an
asymmetric cyanine dye, each of Qy, O, and Qs dye consfituents has the structure of Formula

I

W

Chg H Rg
N B R e
ﬁ G0 6={_ Nk
Ry X /_\
Ry Rg
Formula II

wherein R, of Formula II is H; alkyl or alkeny! having 1 carbon to 6 carbons, inclusive; a
halogen; ~ORg; ~SRyg; ~NR 1R 2; ~CN; ~NH(C=0)R 3, -NHS(=0)K 4 ~C(=O)NHR5; a
substituent associated with minor groove binding; or represents where BRIDGE attaches o
the structure;

when Ry of Formula II comprises at least one of Ry, Ryg, Ryi, Rio, Ria. Rig and Rys, any said
one of Re, Ry, Ryy. Rin, Ris, Ryg and Rys, independently, is (i) H, (ii) alkyl having 1 carbon to
12 carbons, inclusive, wherein the alkyl optionally incorporates 1 1o 2 nitrogen(s), inclusive,
or (iil) an aryl;

when R;" of Formulza 1T comprises R;; and Ryz, Ryy and Ry, may in combination form a 5- or
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero
atom selecied from N and O;

X of Formula 11 is selected from O and S;

nof Formu}a IT is selected from 0, 1, and 2;

Rg of Formula II is (i) H.; (i) alky! or alkenvl having 1 carbon 1o 10 carbons, inclusive,
wherein the alky! or alkenv! optionally comprises at least one hetero atom selected from N,
O, and S; (iii) a halogen; (iv) ~ORyg(v) ~SRyg (vi) -NRy¢R%: (vil) a substituted or an
unsubstituted aryl, wherein the ary! optionally comprises 1 to 3 hetero atom(s), inclusive,
selected from N, O, and S; or (viii) represents where BRIDGE attaches to the structure;

R, of Formula II is (i) H; (i) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive,
wherein the alkyl or alkenyl optionally comprises an aryl and at least one hetero atom

selected from N, O, and 8; (iii) a substituied or an unsubstituted aryl optionally comprising 1
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wherein I'is F or CL. 39. A dye having the structure: 2Y HN~ N7,

wherein k is F or CI-. 40. A dye having the structure: NH2 NH2 2111 ~ | |

N~ NH NH2 wherein T is F or Cl_. 41. A composition having the formula:

Qq BRIDGE QZ Q3 wherein BRIDGE is a substantially aliphatic linker
to 3 he€@MprisNg frapabeutdibdedhont L5ONandhydspgen igmenl Anet SRIEDGE

and wherein the linker comprises no more than one positive charge; Q1 is
attaches i B Ficleic acid dye constituent; Q2 is a fluorescent nucleic acid
Rg anddNe e@nSHMant QOB issBupiascenthnucieicfaid dygcanstitvent apd @ further
- Q2, and Q3 may be the same or different, wherein when Qi, Q2, and ?3
substitgicel eh R dh THESMmEBFIE Sy aniRdayadesth JPQY] §3; dRt el ayalkyl Cl1-C2.
inczusig@,rﬁ%ag@t@;h@;s,,thﬁ@wa%@ﬁﬁ%&r@w@oﬂ I3 GhtEhRs N\HHH ~'e-e)n
each of RI}I(, I?lx’ldR}%;_7Xindependent},y is H; alkyl having 1 carbon to 12 carbons, inclusive,

2

wherein the alky! optionally incorporates 1 to 2 nitrogen{s) or an aryl; or
Ris and Ry may in combination form a 5- or 6-membered saturated or unsaturated ring,
wherein the ring optionally comprises at least one hetere atom selected from N and O;
only one of Ry, R, and R» of Formulz I represents where BRIDGE attaches to the structure;
and

‘¥ of Formula II is an anion.

42, The composition of claim 41, wherein BRIDGE comprises:

L[ A (CH2)o Tl AT (CH Yo~ Jo[ A -(CHL 1~ A*(CHo ) Tal A™~(CHo)e Je
[AS(CHy) 1A (CH)y Lol A*(CHo)o—Jnl A”-(CHz) - A -Lo-

wherein each of L, and L, independently, is (i) 2 moiety comprising a single bond;
{ii) a polvmethylene unit having ! carbon to about 12 carbons, nclusive, wherein the
polymethylene unit optionally comprises at least one hetero atom selected from N, G and S;
or (iil} an aryl optionally comprising at least one hetero atom selected from N, O and 5;

wherein L) is covalently bound to the Q; dye constituent or the (; dye constituent;

wherein L; is covalently bound to the (J; dye constituent or the (J; dye constituent that
is not bound to Ly;

each of Ai, A® A, A.A, AC Aé, A?, Ag, Ag, and A" . Independently, is (i) a nucleic-
acid-binding-enhancing-group (NABEG); (ii) a branched alkyl optionally comprising at least
one hetero atom selected from N, O and S: or (i) at least one saturated 5- or 6-membered
ring, optionally comprising at least one hetero atom selected from N, O and §;

each of o, B,v, 8,8 4,1, 8, and 1, independently, is zero or an inieger from 1 to
about 20, inclusive;

each of a, b, ¢, d, e, f, g. h, and i, independently, is zerc or an integer from 1 to about
20, inclusive; and

one of A, Az, Ai A4, A A% AT AS, Ag, and A'Y has the formula;
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R8 R, Formula Il wherein R1' of Formula Il is H; alkyl or alkenyl having 1
carbon to 6 carbons, inclusive; a halogen; -OR9; -SR10; NR11Rr2; -CN;
NH(C=0)R13; -NHS(=0)2R14; -C(=O)NHR1,; a substituent associated
with minor groove binding; or represents where BRIDGE attaches to the
structure: when R1' of Formula Il comprises at least one of R9, Rio, R11,
R12, R13, R14 and R15, any said one of R9, Rio, R11, R12, R13, R14
and Rrs, independently, is (1) H, (ii) alkyl having 1 carbon to 12 carbons,
inclusive, wherein_the alkyl optionally incorporates 1 to 2 nitrogen(s),
inclusive, or (iii) an, aryl; when R1' of Formula Il comprises R11 and R12,
R11 and R12 may jn combination form a 5- or 6-membered, saturated or
unsaturated ring, which optionally comprises at least one hetero atom
selected from N and O: X of Formula Il is selected from 0 and S: n of

Formula,fhis.selecied 48 el anfs; ROMFRARMIALIRD LAY onatly

alkenyl having | carbon to 10 carbons, inclusive, wherein the alkyl or

afikanyt BpEohHpFcomprses doieastastsl heardatoandélected from N. 0,
and S; (ﬂlg) R B@!@gﬁ?h’('%ﬁ%%@@{)aﬁ&]ﬁ% Q\fﬁ) M&l@@%n@)@qﬁlg a single bond;

substituted or an unsubstituted aryl, wherein the aryl optionally comprises

1(ib 8 pRifersthdmMG)ninditsne | serbercls ROAYN OIS 1B pvilfp. wherein the

r E?ﬁ%ﬁ&?}%}e&ﬁi{?’ matachenRdo heslusileRE Iquﬁ?@&H&@eH il N, 0

; (i1) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, wherein

tahikyPorH BIKENYTO SHSINEN] C6APRIREB S AppFlarkp deleEstione Yedteist from N,
atomgsglegted from N, 0, and S; (iii) a substituted or an unsubstituted aryl
optionally comprising 1 98 to 3 hetero atom(s), inclusive, selected from N.

0, and S3 orivhedprasiats where BRIDGE attaches to the structure: R8

and R8' of Formula Il in combination form a fused aromatic ring, which

may be further_guhsfitu gda_lf@{g)ﬁyﬂ?ae@);_iﬁ@j ébﬁ.{f@g@}e@@g%m%gby

CI-C2, inclusive, a'IkyT, [-C2, inclusive, alkoxy, , inclusive,

alkylmercapto, or a halo%en; each of R16 and R17 independently is H; ,
alkyl having | cBisapiEg T eardRey memisivERGohErdif A e alky| GyabHall inked

incorpor&tgs;;l to 2 nitrogen(s) or an aryl; or

each of A“, AP AR, and AM is independently (1) a nucieic-acid-
binding-enhancing-group (NABEG), (ii) a branched alkyl optionally
compriging at least one hetero atom selected from N, O and §; or (1) at least
one saturated 5- or 6-membered ring optionally comprising at least one hetero
atom selected from N, O and §;

cach of o', ', v, and &' is independently zero or an integer from 1 to
about 20, inciusive; and

each of &', b', and ¢ 1s independently zero or an integer from 1 to about

20, inclusive.

43. A composition having the formula:

Q— BRIDGE +——0,

99



150

R16 and R17 may in combination form a 5- or 6-membered saturated or
unsaturated ring, wherein the ring optionally comprises at least one
hetero atom selected from N and 0; only one of R1', R6, and R2 of

Formula Il represents where BRIDGE attaches to the structure; and "P of
Foherala RRdIantamersubgtantial borhipbatiidmbtclaimpatingHerein BRIDES about

ises: L ~la(A (CFlZ)p-1hIA (CH2)1' o
B B (YT Bl . - - oo

[A8-(CH2)e-]h[A9-(CH2),-]; A10-L.2 wherein each of L1 and L2,
independently.. is (i) a moiety comprising a single bond; (ii) a
polymethylene unit having 1 carbon to about 12 carbons, inclusive,
wherein the polymethylene unit optionally comprises at least one hetero
atom selected from N, 0 and S; or (iii) an aryl optionally comprising at
least one hetero atom selected from N, E1 and S; wherein L1 is covalently
bound to the Qi dye constituent or the Q2 dye constituent; wherein L2 is
covalently bound to the Qi dye constituent or the Q2 dye constituent that
is not bound to L1; each of A, A2, A3, A4, A. A6, A, As, A9, and A10,
independently, is (i) a nucleic- acid-binding-enhancing-group (NABEG); (ii)
a branched alkyl optionally comprising at least one hetero atom selected
from N, 0 and S; or (iii) at least one saturated 5- or 6-membered ring,
optionally comprising at least one hetero atom selected from N, 0 and S;
each of a, P, v, 8, a, rl, 0, and t, independently, is zero or an integer from |
to about 20, inclusive; each of a, b, c, d, e, f, g. h, and i, independently, is
zero or an integer from 1 to about 20, inclusive; and one of Au, A2, A, A',
A5, A6, A', A8, A9, and A10 has the formula: 98a B' 3 wherein T is a
substituted carbon, a substituted nitrogen, or an aryl optionally comprising
at least one hetero atom selected from O, N and S; is (i) a moiety
comprising a single bond; L3 is covalently bound to Q3 and L

99a



(i) a polymethylene unit having 1 carbon to about 12 carbons, inclusive,

wherein the polymethylene unit optionally comprises at least one hetero

atom selected from N, 0 and S; or (iii) an aryl optionally comprising at

least one hetero atom selected from N, 0 and S; and B' has the formula:

-(CH2)d"-[All- %HZ fi'-lal[A12 (&HZ N-In'[A'3:(CH2)8"-1c'AL14 wherein ¥
it G Oy TR ke TGRS safiiiy e e ey R s @
reactivofgASua 2 AfiBicandaAZdipindependently (i) a nucleic-acid-

binding-enhancing-group (NABEG), (ii) a branched. alkyl optionally
CRMBRRING ALIeARNONE-NERES alam:shlesieB HemN,fand S; or (iii) at

least one saturated 5- or 6-membered ring optionally comprising at least
one hetero atom selected from N, 0 and S: each of &', 3', y', and 8'is

inbepbrriieFiy: 7bia) of aHiekeh Noihia 0- dbolt20r tdsiet adleach
o s denendentycaern of s uegst lomla about 20

inclusive.”43."A compo on having the formula: BRIDGE Qz I R, 99
wherein BRIDGE is a substantially aliphatic linker comprising from about

TS5heraiB e 85 mokhAyeroERPATSIHI AN UP tb BAE PosHiver ci des e bond:
(i) 2 dpAyHEsCRMe Qﬁﬁ{%ﬁ}j@ acidgysicensiiuent; Q2:isenilUGHeRGORL NEEIRIGH the

acid dye constituent; and R, is a reactive group or a functional group. 44.

polymeigRFEHaiy of GRAS Shvikefe PPB RISEIEIMprSEEd FUNCHisyy S: or

(iif) arr BIAHGHRIR- RIABAGH 2 hiddo e Rd)e- Ialir st ISm N, O and §;
[A6-(CH,):-]f[A-(CH2)n .[A'-{(fHZ)ogZ[A&(CH,),_]1-Ar;L2 wherein each of Lr
a8 hdpeNFFtHY ROBRS thble Y cbin pRBME S ifGIBSendy e constituent;

wherein L; is covalently bound to the Q; dye constituent or the Q» dye constituent that
is not bound ¢ Ly;

each of A!, A%, A%, A%, A°, Al A7, A, AQ, and A'?, independently, is (i) a nucleic-
acid-binding-enhancing-group (NABEG); (ii) a branched alkyl optionally comprising at least
one hetero atom selected from N, O and §; or (11} at least one saturated 5- or 6-membered
ring, optionally comprising at least one hetero atom selected from N, O and §;

each of «, B,7,8,¢ 8,1, 6, and 1, independently, is zero or an integer from 1 fo
about 29, inciusive;

each of a, b, ¢, d, e. £, g b, and i, independently, ts zero or an mteger from 1 to about
20, melusive; and

one of A, AE, AS, AN AT AR AT AS, Ag, and A'" has the formula:

wherein T is a substituted carbon, a substituted nitrogen, or an aryl optionally
comprising at least one hetero atom selected from O, N and §;
Ly 1s covalently bound to R: and is (i) a motety comprising a single bond; (ii) a

polymethyvlene unit having 1 carbon to about 12 carbons, inclusive,
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(if) a polymethylene unit having 1 carbon to about 12 carbons, inclusive.
wherein the polymethylene optionally comprises at least one hetero atom
selected from N, 0 and S; or (iii) an aryl optionally comprising at least one
hetero atom selected from N, 0 and S; wherein L, is covalently bound to

t%t@n@?ﬂ? %ﬁﬁ%ﬁ@%@‘ié&% %%F&@%&P@&Eeéﬁ@%&'ﬁ' N2 {5 &QV &leptlysii) an
bound to the Q, dye constituent or the Q2 dye constituent that is not
beirhaRBonalRIGFAInAL lkastane RelepgriamagcagddipaoC) and S; and
indepengdeptly.is f-asycleic- acid-binding-enhancing-group (NABEG); (ii)

a branched alkyl optionally comprising at least one hetero atom selected

from N, 0 and S; or (iii) at Jeast one saturated 5- or 6-membered ring,
optionally comphisitigrat feas{ dhectidtéfo atoisetdetdd TN Gdnd S;
eachof a, p,y, 8, a,'l, t}, 0, and i, independently, is zero or an integer

from 1 to abou{RQ.incksivs, eaech i@k, Gakk®id Balh ANtk covalently linked
independently, is zero or an integer from | to about 20, inclusive; and one

of A', AZPAJB% A4, A5, AB, A', A8, A9, and A10 has the formula: B'L3

wherein T is a syhstijptgd carbon, & syhstiluted NLRGSMQRBNAY nucieic-acid-
optlonall% comprising at least one hetero atom selected from O. N and S;

S,
L3 is coViidifte BOaREEROHAd €N BEHoietiiorhpridify dedingléporrptionally
(i) a polymethyieng withawngdcamen S ahautba.carkeRadinCIySIVE) at least

100 optionally comprising at least one hetero atom selected from N, O and
S; or (iii)&R SARYIRGIStiON &N CRTRTERI RE SRSCBRE HetBYY sibRrsEiatiene betero

from N. Q:gndS:and&hhas thefermula: -(CH2)1'-[A"41 CH2}p, Ja[Az
(CFI12)1' Jb'[As (CZ)S)JC'AH V\r/herein; -(CH2)a., is covalently linked to T
and Al14 is covalERtR Ifkéd o, BdeHTsERenderply en0 Aduniaipger from 1 to

independgntly»(j) &ausleic-agid- binding-enhancing-group (NABEG), (i) a
branched alkyl optionally
each of ', b', and ¢’ is independently zero or an integer from 1 to about

20, inclusive,

45, A method of using a dye, comprising:

conjugating the composition of claim 44 {o a substrate molecule.

46, The method of claim 45, wherein the subsirate molecule is selected from a
nucleotide, an ohgonucleotide, a peptide, a protein, a hapten, a drug, a microparticie, a
synthetic polymer, a natural polymer, a biological cell, a virus, and a molecule of a solid

surface.

47. A method of preparing a sample that mayv or may not comprise nucleic acid,
comprising:

providing a combination of the sample and the composition of any of claims 21, 30
and 41, wherein if nucleic acid is present in the sample, a nucleic acid-dyve compiex is

formed.

48. The method of claim 47, further comprising incubating the combination.
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compr

comprising at least one hetero atom selected from N, 0 and S; or (iii) at

least one saturated 5- or 6-membered ring optionally comprising at least

one hetero atom selected from N, 0 and S: each of &', [3', y', and S’ is
independently zero or an integer from 1 to about 20, inclusive; and each

of a', b, and c' is independently zero or an integer from i to about 20,

inclusive. 45. A method of using a dye, comprising: conjugating the
ctPnpdsiieihod claiaiaamipiassiissiismolecgisenss Phavwlsiicwief glaniample,
45, wherein the substrate molecule is selected from a nucleotide, an
oligonucleotide, a peptide, a protein, a hapten, a drug, a micropatrticle, a

syfthstiegpo yeRErratiatwallsolgmel ansiclsgicaleeditanvirhsnand glaims 21, 30

and 4?}%%%}0{%9@0%@qg'ﬁ%séﬁtr@ﬁtw M&Pa&”ﬂac%&a%?!ﬁ&?@tc%}ﬂ lex is

or may not comprise nucleic acid, comprising: providing a combination ot

formeghansample and the composition of any of claims 21, 30 and 41, wherein if

nﬂﬁlﬁiﬁ;%& is,Presantindne.sanple, gJaucleic acid-dye complex is

formed. 48."The method of claim 47, further comprising incubating the
coliBiagoM 90 Figgala st shadtEnhiiing the presence or absence
of nucleic acid in a sample, comprising: providing a combination of the

sample andidheisempesitionabtany.of ehrimsidl o3Q rod dbrwviereindmple that
nucleic acid is present in the sample, a nucleic acid-dye complex is

may OFJHHRERO IRt AT RO Katon itP MR BEd detecting optical

sigagisdr amsaitcambinainm ShoAdkiidondetrrmining thugleisReighd
formation or a lack thereof in a sample that may or may not comprise a
tr GRRROSIBRE QLAY Kitehpristhgidedgents necessary for amplifying
the target nucleic acid in the sample; and a composition of any of claims
21, 30 and 41.
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102 51. The composition of claim 41 wherein at least one of Qr, Q2, and
Q3 is a phenanthrene having the structure of Formula I: H2N /\ NH2 ;RI
T C Formula | wherein R1 represents where BRIDGE attaches to the
structure and tF of Formula | is an anion. 52. A composition having the

EHE‘& (B LIR%F’ (812 A’YQS{ eJr’i BRIRGE hsr %e%%%@t@'ba“@a“&ld Qx5 a

er comprising from about 8 to about 150 non- hydrogen atoms,
mbmvéarmhwm@euhﬁtﬁ@lnﬁkerocf&@m@@si no more than one positive
charge; Qi is a fluorescent nuctete, acid-gye constituent; Q2 is a
fluorescent nucleic acid dy# Ttk and-"@tzand Q2 may be the same
or different, wherein (i) when Qirand/or’Q2 is a phenanthridinium dye, at
least one of Q and Q2 is a phenathﬁJ inium dye having the structure of
Formula I: NH2 H2N rg_R Fo alRi repr@sents where BRIDGE
attaches to the structure; and an anion; or 103 (ii) when each of Qi
and Q2 is an asymmetric cyanine dye, each of the Qi and Q2 dye
constituents has the structure ofifermula Il: CH31P HRs N1\H H H RB
R8 Formula ll

wherein R; represents where BRIDGE attaches to the structure; and W of

Formula [ 15 an anion.

52. A compaosition having the formula:

Q1

| BRIDGE Q,

wherein BRIDGE 1s a substantially aliphatic linker comprising from about § to about
150 non-hvdrogen atoms, inclusive, and wherein the linker comprises no more than
one positive charge; '
Q) is a fluorescent nucleic acid dye constituent;
(J, 1s a fluorescent nucleic acid dye constituent; and
(s and (2 may be the same or different, wherein

(1) when G, and/or Q; is & phenanthridinium dye, at least one of Q; and Qs 1s a

phenanthridinium dye having the structure of Formula I:

Formulal

R, represents where BRIDGE attaches to the structure; and ¥ is an anion; or
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wherein Ri' of Formula Il is H; alkyl or alkenyl having 1 carbon to 6

carbons, inclusive; a halogen; -ORS; -SR10; -NRi1Ri2; -CN;

-NH(C=0)R13; -NHS(=0)2Ri4 -C(=O)NHRIis; a substituent associated

with minor groove binding; or represents where BRIDGE attaches to the

St CHiFe; SRR AR Ar e REOMSHEE SRSt Bn e red the §drgnd Qa dye
constitfabds RISiHR dhand-&if ramnsaidi-one of R9. Rio, R11. R12, R13, R14 and

R15, independently, is (i) H, (ii) alkyl having 1 carbon to 12 carbons,

inclusive, wherein the alkyl optionally incorporates 1 to 2

nitrogen(s),inclusive, or (iii) an gnyk when R1' gf Formula Il comprises R1

I and Rig, Ril and R12 magﬁ%w@bmatidh_f a 5- or 6-membered,

saturated or unsaturateg 'hg:)wﬁﬁ:ﬁb%ﬁ%ﬁﬁ?“&'&nprises at least one

hetero atom selected from N and 0; X of &ormeda Il is selected from 0 and

S; n of Fonnula 11 is selected frpg, Q.11.;and 2; R6 of Formula Il is (i) H;

(ii) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, wherein the
whereiall4' arf dikemyioplionHl e Bomprisksmtl i dastigné hetero aténiablacteticlusive; a

fro . .0, and S;.(@#) & halogen; (V) 0R16-(V) - (M) NR1GRIZ AWMy .
raloge R R R Sl g (e asyt ool | -OY R o
substitpont prisesatetb Bithetermatom(sy, nclisiverr sefectedfroheid DX ENDISaoaches o
the Str&\é%%,ﬁpresents where BRIDGE attaches to the structure; R7 of Formula Il

is (1) H; (i) alkyl or alkenyl having | carbon to 10 carbons, inclusive,
when Whertiothelalkytonatienyi gionathyot dmiise R an Ry RindRat leabRonemy said

tego ajpm selected from.N, O, and S (iii) a substifute i
one of 163 N .e)dn%frfiy'}%sh%laaﬁ%?ﬁad%ﬂf‘aél%@fﬁo {a}%ﬂ%ﬂi@?}ﬁ‘&“ ygaroon 1o
12 carbetectedltrore, Nyl@randifs; dk{ivyrepreSentswvhergBRIRGE i atiaehes taclusive,
or (iii)tgl? grt& icture, R8 _and RR' of Formula Il in (_:ombination _form a f_used _
aromatic ring, which may be further substituted | to 4 time(s), inclusive,

when hdepéndently Iyo@h2:siRgluaideR alkih GhC R, inclusiveomlkoxyio€ 162 a2 5- or
6 inclusive, alkylmercapto, Qr% halogen;. 104 each of R16 and R17 het

TR e ARy Gs ;‘*“é%&}% g EcABoh 19 R SR didcast one hetero
atom solerelrfihe Bllgyldaptionally incorporates | to 2 nitrogen(s) or an aryl; or

5 f1,ﬁR16 ‘E@ R17 maeyq/i\ﬁaco bin% ion form a 5- or 6-membered saturated or
O PR t@d‘“ﬁﬁﬁ ‘&tein ing optionally comprises at least one
n of Fheteio Bttmeseledéddidm! Naand;O;

Rs of Formula 1T 1s (1) H; (if) alky! or alkenyl having | carbon to 10 carbons, inclusive,
wherein the alkyi or alkenyl optionally cbmprises at least one hetero atom selected from N,
O, and 8; (iii) a halogen; (iv) —ORyg{v) —SRje {vi) —NReR;7; (vil) a substituted or an
unsubstituted aryl, wherein the aryl optionally comprises 1 to 3 hetero atom(s), inclusive,
selected from N, O, and S; or (viii) represents where BRIDGE attaches to the structure;

R4 of Formula II 1s (i) H; (ii) alkyl or alkenvl having ! carbon to 10 carbons, inclusive,
wherein the alky! or alkenyl optionally comprises an aryl and at least one hetero atom
selected from N, O, and S: (iii) a substituted or an unsubstituted aryl optionally comprising 1
to 3 hetero atom{s), inclusive, selected from N, O, and S; or (iv) represents where BRIDGE
attaches to the structure;

Rg and Ry of Formuia II in combination form a fused aromatic ring, which may be further
substituted 1 to 4 time(s), inclusive, independently, by C1-C2, inclusive, alkyi, CI1-C2,

mchasive, alkoxy, C1-C2, inclusive, alkyimercapto, or a halogen;
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only one of RI', R6, and R7 of Formula Il represents where BRIDGE
attaches to the structure; and "F of Formula Il is an anion; or (iii) when
either Q1 or Q2 is an acridine dye, at least one dye constituent of the Q1

and Q2 dye constituents_has the structure of Formula lll: RZ RILRI . )
cach O BRI KIRGHPIRBETROr UL 11 e EablPRL Eommaris. melusive

whereﬂﬂtﬂ@ﬂ@iftﬂeﬁidmmsl Ricarbdr&ids inelusiveogdyk) engekR; @nd R3 of
Faormula Il represents where BRIDGE attaches to the structure; when R2 .
Rae angfiegrifittal TBIEaHRe White BRIBGEBHECHES 1 HE S Ctufl REFE e

whereiftheGhig; ophienaR3 @hheiseya ke presentsoviheresBRIRGE@itaches 10
the structure. Rz is selected from H, -CH;, NH3, NHCH3, -CN, a

, and

only ong@ciNiHe: 8RR REIJIEBIHAAR AP Ebe e Ry 5rafeshcgy the structure;
and Inclusive, alkyl; each R7 of Formula 1l independently, is H or a CI -C2,

inclusive, alkyl; for each pair of adjacent R6 or R7 and. R1, independently,

RE Grirmaha IR #egfieombination form a 5- or 6-membered, saturated

Qi unsaturated ring; and 'F of Formula Ill is an anion. 53. The composition

of claim 52. wherein at least one dye constituent of the QI dye constituent

diid theen 2iths Comstitudmenastiiatupgrdsrrammiig TANRPuERY qfthe Q) and

Qs dye%brﬁﬁﬁé%m-t%%@%&@é&?5%%'1&1:105 54. The composition of claim

52, wherein one dye constituent of tRe Q, dye
2

RoReN L N NRgR>
Ry ¥
Formula IH
wherein each R of Formula ITT is independently, is H or a C1-C2, inclusive, alkyl;
one of R; and R; of Formula [1I represents where BRIDGE attaches to the structure;
when R, of Formula I represents where BRIDGE attaches to the structure, Ry is H or
~CHy;
when Rz of Formula TIT represents where BRIDGE attaches to the structure, R; 1s
selected from HI, ~CHj, -NHy, ~NHCH;, -CN, and —C(=0)NH,;
each Rs of Formula [I independently, is H or a C1-C2. inclusive, alkyl;
each R of Formula [I] independently, 1s H or a C1-C2, inclusive, alkyl:
for each pair of adjacent Rg or R7 and R, independently, R¢ or Ry and R; may in
combination form a 5- or 6-membered, saturated or unsaturated ring; and
W oof Formuia I is an anion.
53. The composition of claim 52, wherein at least one dye constituent of the Q; dye

constituent and the Q, dye constituent has the structure of Formula I

f?z

OO
RiReN” ™ N NRgR;
Ry Y

Formula [H
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constituent and. the Q2 dye constituent has the structure of Formula II:

CH3THR6 N_HHH11--(C=C)n'~-" N-R7 R, R, Formula Tl wherein

R1' of Formula Il is H; alkyl or alkenyl having 1 carbon to 6 carbons,

inclusive; a halogen; -OR9; -SRio; NRi1Rr2; -CN; -NH(C=0)R13;

NAS (O RABPSED)NHRES ShbdRtsn ¥ dutedRili ko gigeve: dve
constitPIREING; @F represeuishereBRIRGE atiachgstanthr structure: when R}’

of Formula 11 comprises at least one of R9, R1o, Rtl. Rig, R13, R14 and

R15, any said one of R9. Rio, Rii, R1¢, Rr3, Rio and R15, independently,

is (i) H, (ii) alkyl having 1 carbo togi? h@aﬁrbg _in€lusive, wherein the

alkyl optionally incorporates | fo 2 nitregen(s)=inclusive, or (iii) an aryl:

when R1' of Formula Il corfiprisés K11 and R12,R1 and R12 may in

combination form a 5- or 6-membered, saturated or unsaturated ring,

which optionally comprises at least one het? o atom selected from N and

O: X of Formula Il is selected from ﬁoéﬁﬂﬂé; # of Formula Il is selected

from 0, 1, and 2; R6 of Formula Il is (i) H; (ii) alkyl or alkenyl having 1
whereigaRhontd dtharrlidins Hnelisive; aldeeréinathealkyhosalkenylaptionallyclusive; a

comprises at least one _heterq ato 2cted fro o S; (i) : _
halozef TORR: o ORI USRTe (v“rr}gﬁ?rggie"é?éj ,ﬁvﬁ@%ﬁ%&ﬁ%@ S NHR.s: &
substitugsubsttiied anylh wheceigrteabihopiionally pesyprises tto BRIEISHO attaches to
the st atom(s), inclusive, selected from N. 0, and S; or (viii) represents where
"BRIBGE attaches to the structure; R7 of Formula Il is (i) H; (ii) alkyl or

when K}t@ﬁ%}dﬂﬁ;ﬁﬁg[%c@@ﬁbﬂ@emaﬂ-&@@fﬁﬁfﬁfdm|RSLV@] a\!\/ﬁﬁfﬁmgﬂlﬁaﬁﬁd &5, any said
alkenyl gptionally comprises_an aryl and at least gne heterq atom .
one of fuetiedrort kDR e &ifya géaeﬁﬁ%a%r %ﬁbﬁs@ﬁﬁﬁwg 1 carbon to
12 carBRHiQNaM GOBRASIAG e dlbeteriatanyShcinplisive, IselecigddpemdN, ikiusive,
....and S; or (iv) represents where BRIDGE attaches to the structure; R8 is
oF (ﬂi)ﬁ}lgﬁ@,} or alkenyl having 1 carbon to 10 carbons, inclusive, wherein the
when RIKWraroaikenyl eptignally rRomprses at least one heatere alomisalostetn a 5- o

from N, O, and S; a halogen; - ) ) ,
6-membered, saturated or unsaturated ring, which optionally comprises at least one hetero

atom selected from N and O,

X of Formula 11 is selected from O and S;

n of Formula II is selected from 0, 1, and 2;

R¢ of Formula II is (i} H; (ii) alkyl or alkeny! having 1 carbon to 10 carbons, inclusive,
wherein the alkyl or alkenyl optionally comprises at least one hetero atom selected from N,
O, and S: (i) a halogen; (iv) —ORy(v) ~SRyg (vi) ~NR Ry (vii) a substituted or an
unsubstituied aryl, wherein the ary! optionally comprises 1 to 3 hetero atom(s}, inclusive,
selected from N, O, and 8, or (viii) represents where BRIDGE attaches to the structure;

Ry of Formula II is (i) H; (i) alkyl or alkenyl having 1 carbon to 10 carbons, inclusive,
wherein the alkvl or alkenyl optionally comprises an aryl and at least one hetero atom
selected from N, O, and S; {iii) a substituted or an unsubstituied aryl optionally comprising 1
to 3 hetero atom(s), inclusive, selected from N, O, and S; or (iv) represents where BRIDGE
attaches to the structure;

Rg is H; alkyl or alkenyl having 1 carbon to 10 carbons. inclusive, wherein the alkyl or
alkenyl optionally comprises at least one hetero atom selected from N, O, and S; a halogen; -
ORjg ~SRie, ~NRgR7; a substituted or an unsubstituted aryl, wherein the ary! optionally

comprises ! to 3 hetero
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OR16; -SR16; NR16Rv; a substituted or an unsubstituted aryl, wherein
the aryl optionally comprises 1 to 3 hetero 106 atom(s), inclusive,
selected from halogens, N, 0, and S; or represents where BRIDGE
attaches to the structure; R8' is H; alkyl or alkenyl having 1 carbon to 10
carbons, inclusive, wherein the alkyl or alkenyl optionally comprises at

atom(sieaskonRe /petere-alonmrselegiad:Hamm, 0, ard . adhadegerentORRE: BRIDGE
-SR16; NR16R,,; a substituted or an unsubstituted aryl, wherein the aryl
attaches S RS AFUEBprises 1 to 3 hetero atom(s), inclusive, selected from

Ry is halegenssMulRe:and:eyiRs anduRén may ingerohinationdomm wfusad the aliyl or

aromatic ring, which may be further substituted 1 to 4 time(s), inclusive,
alkenyirRpaiosablie AN HOES RIS IS ARME IS EAT e Valsky; @ halogen: -
OR,¢; C4RG2 -RGlUgiye, Alkimeieapts, 8 ahalogencko-anywiR&eRomer KR8’ habnally

comprises at least one of R16 and R17, any said one of R.16 and R17
compriffsedt, IHESPEHRRLT: 18Ry PRECHRY Faar BRI 52 earbdhE, Shclusive,

Ry andMOEein thecalkylnoptonally INeRosaies i iaAItegents) ObaRand; Rbstituted
any R6, R8, and R8' that comprises R16 and R17, R16 and R;7 thereof

L 1o 4 By dephisinatisidcRsifcatse &b d-mempardiryanitiad ol s alakated. altkoxy.
C1_CZ[i%Mw%ﬁ%g}g@gﬂ@qumprises at least one hetero atom

selected from N and O: only one of R1', R6, R7 and R8 represents where
For ang RIDBE atfachiba womersguatleastpng oY Rscimdmon 285 sqigeone of Rig and Ry

thereo%qg&ggﬂ.&%ﬂtgf, %af—'fﬂ a'?l%ﬂ"ﬂ&%?é”i aéak%%ﬁttf? ne QX&)SQQ %HE}!&QLQ“M@rQn the aiky!

~ dye constituent and the Q2 dye constituent has the structure of Formula
optionflx:irRaper ek | fig Holirg ePaihola B wherein R7 represents where

for an? ﬁLD%Ea?{% heiﬁz}P Jé}zgxp\slxvﬁﬁ%gt%% %qulyl fﬁ ?gn% . ;Q'tﬁ@regp&av in combination

composition of claim erein at least’'one dye constituent of the Qi dye
form achnstifuernard-thee Q2 yeoconstitustidhasethehstreiotire rof Foptmalally: comprises

at least one hetero atom selected from N and O
only one of Ry’, Re. R and Ry represents where BRIDGE attaches to the structure; and
YV is an anion.
55. The composition of claim 52, wherein at least one dye constifuent of the (; dye

constituent and the (3, dye constituent has the structure of Formula II-A:

Formula H-A

wherein Ry represents where BRIDGE attaches to the structure; and

¥ is an anion.

56. The composition of claim 52, wherein at least one dye constituent of the G dye

constituent and the Q- dye constituent has the structure of Formula 1:
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107 H2N Zt NH2 -N+ R, T Formula | wherein R1 represents where
BRIDGE attaches to the structure; and P is an anion. 108
biot-001wo0.5T25.txt SEQUENCE LISTING <110> Mao, Fei Leung,
Wai-Yee Xin, Xing <120> DIMER]JC_AND  IRIMERIC NUCLEIC ACID
DYES, AND ASSOCIATED:SNSTEMS @

SIOT.001WOO <150> U5 60/663%643 <1514 2005-03-17 <160> 10
<170> Patentin version 3.3 <210> 1 <Z#{> 164 <212> DNA <213>
Homo sapiens <400> 1 aggtcttc gtcdtatg gggaagctgg tacccctgaa
ggagaccatc aaaggattcc 60 agca ggcaggtgaa tatgaccatc tcccagaaca
ggccttctat atggtgggac 120 ccattgaaga agctgtggca aaagctgata agctggctga

agag 164 <210> 2 <211> 19 <212> DNA
Formuia 1

wherein R; represents where BRIDGE attaches to the structure; and

W is an anion.
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<213> Homo sapiens <400> 2 gaggtcttca caggtcata 19 <210> 3 <211>
18 <212> DNA <213> Homo sapiens <400> 3 ctcttcagcc agcttatc 18

<210> 4 <211> 249 <212> DNA <213> Homo sapiens <400> 4

L hrcthlEdddiotchlatiié Blacaagaga ceatgcagge taccatccat gtecctgece 60
agcatgaaga tggccctgag gatgacccag ggitggtadad cateagctgct cgtaacattc 120
cacgagggcc ccagttggct gceeagdct tgggcatcag cctggcecaac ttgttgetga 180
<q9@gag&%ch%§aaaacatc ctggatgttg cacggcagct taacgatgcc cattaactgg 240
Page 1 sihipt-081we®.ST25.txt tttgtgggg 249 <210> 5 <211> 231
<212> PRA ¥2E3> Homo sapiens <400> 5 ccatgcacaa gatgattaat

acagatgiigcacagaatct: oaaaagescagagaiccana 60 FagLceier agcancacys
aagaagafecdietogeagagt cctaaagaag aacccactga 120 aaaacttgag

Jaaicatgitgaggetaaacc catatgcaaa gaccatgcge cggaacacca 180 ttcttcgeca

i %ggagit}gsaasto ?gg?%%cgtcc gggtggataa ggcagctgct g 231

<151> 2005-03-17

<160> 10

<170> Patentin version 3.3

<210> 1

<211> 164

<21Z> DNA

<2L3>» -Homo sapiens

<400> 1
aggtcttcac agotcatatg gggaagctgg tacccctgaa ggagaccatc aaaggatice

agcagatttt ggcaggtgas tatgaccatc tooragaaca ggoovtctat atggtgggac

ccattgaaga agotgtggea aaagetgata agetggotga agag

<210> 2

<211> 19

<Z212> DNA

<Z13> Homo sapiens

<400> 2
gaggtcttca caggtcata

<210> 3

<211i»> 18

<Z212> DHNA

<21Z> Homo sapiens

<400> 3
ctcttcagee agettate

<210> 4

<211> 249

<212> DNA )
<213> Homo sapiens

<400> 4
gtctagacgyg ctcagatage atacaagaga ccatgcaguc taccatccat gtccctgeoce

agcatgaaga tggccctoag gatgacccac agttggtagg catcactget cgtaacattc
racgagggce cCagttggct goccagaact tgggcatcag ccrggocaac tigtigotga
gcaaaggagc caasaacate ctggatgttg cacggcagct taacgatgoc cattaactgg

"
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69
129
164

18

18

60
120
180
240



<210> 6 <211> 139 <212> DNA <213> HOMO sapiens <400> 6
. gattgatgag tacgattact ccaagcccat ccaggggcaa cagaagaagc cctttgagga 60
cact cacaccc tgtcctttgt ggacgttggc actgggaagg tcactctgga 120
oy tatéggti&%@ta toydd 438 <210> 7 <21glE g229 <gzglgz> gD?\lA <213?S Homo
sapiens <400> 7 agcaagaaaa tatggtagagigiacagaa gitggatttt ccagctaagt
6ligeasti60 caagattcag aatatggtgg ggagctgtga tgtgaagttt cctataaggt
tagaaggcct 120 tgtgctcacc caccaacaat ttagtagtta tgagccagag ttatttcctg
gtttaatcta 180 cagaatgatc aaacccagaa ttgttctcct tatttttgtt tctggaaaa 229
<210> &3R11> 140 <212> DNA <213> Homo sapiens <400> 8

gé@%’ccma\g fajcoa gaacgtcaaa gcaaagatce aagacaagga aggcattcct
60 cctgaccagc agaggttgat ctttgccgga aagcagetgg aagatgggeg cagectgtet

f%?%gc étacaa gicca0aaa0n 10 <3105 92115, R, 212 LA 203>

sap|er%s age biot-
gagecottcg agcaccacge aagaagatce atcgcagaght cctaaagaad aacccactga

249

60
120
180
231

aaaacttgag aatcatgttg aagctaaacc catatgcaaa gaccatgeygc cggaacacca

| ttettogcca ggccaggaat cacaagcicc gggtggaraa ggoageiget g

<Z10> €

<211> 139

<212> DNA

<213> Hemo sapiens

<400> 6

gattgatgag tacgattact ccaagcccat ccaggggcaa cagaagaage cctttgagga

gcactgdadgy

atatagaccc

aagcacaccc tgtectttgt gogacgttgyo actgggaagg tcactotgga

gtastcgac
210> 7

<211> 229

<212 DNA

<21%> Homo sapiens

<400> 7

agcaagaaaz tatgctagag
caagattcag aatatggtog
tgtgctcace caccaacaat
cagaatgatc aaacccagaa
<210> B

<211l> 140

<212> DNA .
<213> Homo sapiens

<400> &
gagcocagtg acactatcga

cetgaccage agaggttgat

gactacaaca tCcadadaga

<Z210> ©

<21il> 18

<212> DNA

«213> Homo sapiens

ttgracagaa
ggagctgtga
ttagtagtta

Ttgttotect

gaacgtcaaa

crttgecgga

grtgggttet
tgtgaagttt
tgagccagag

tatttttgtt

graaagatcc

aaygcagctyg

Page

ccagctaagt
cctataaggt
ttatttccty

tctggaaaa

aagacaagga

aagatgggeg

™~

tottggactt
tagaaggect

gtttaatcta

aggcattect

caccctgtct

60
120
180
229

80
120
140



<400> 9 gcaatgaaat ttgttgaa 18 <210> 10 <211> 18 <212> DNA <213>
' Homo sapiens <400> 10 gcaatgaaat ttgttgaa 18 Page 3
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<400> 9
gcaatgaaat ttgttgaa

<210> 10

<211> 1B

<212> DNA

<213> Homo sapiens

<400> 10
gcaatgaaat trgttgaa

-
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