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Sequence Listing that is already on file for the

af or ement i one@EEFRENTE s AFED URNPIE ISTING AND
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appl i cat i onREGAETRAND INCOBRRRATIAN BY-REVEBENGE:
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SBEING0ED SR, SR i Spy OMAScqi L
alweeadybrmoittedl iiherefared: toeinafind @memoargaédn thed; entireties, including the
Prcgl\{tiefcitisotﬂgrleof, by reference in, the aforementioned U.S. Provisional Application
No. 60/663,613. A paper copy of the Sequence Listing is submitted herewith. It is
hereby requested that the combliant 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 this 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 Listing that is already on file for the aforementioned U.S. Provisional
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60/ 663, 613 are hereby incorporated herein, in their
weniosoetedes, including the contents thereof, PYT/UKI086/009910

reference. BACKGROUND [0004] Fluorescent dyes have

been used for the detection and analysis of biological
sa‘ﬁﬂﬂ%&%ﬁlo 9 6OPeBE L tareyhesetyy dngerpghinted skereint i etheir entireties,
t NEYUERP tREHSSH therelE . smal | nunber of

fl uo}lesgentcnofﬁxgscu%gs.’%ggfrusgafg%?eé, such fl uorescent

dyes can be wused to detect fewer than 50 fl uorescent

nmol ecul es that are associBAEHGHROUNDel | s. Barak, et

2ot sscsl s ity pETuta or e belcqthgindgamiais aiiotogicl

Cahinpledr As fludsddeens ANV &% hi SEAR. € b dt
fl uor escent -dye probe bounglg?o ar e(’:epetygtﬁanone the © defect a very

s dPRicrumler 1] fogessens| molered. | For lexemplee suchs Huorescenhdyes can be

i ' ' lecul e of | uorescent!|y | abel ed
TR 08P b AL mo AR SEEERE B S o
f IBavale scaint/. CelBes. S 60A¢I A1)\ erent fl uorescent

wavel engt hs may be used to perform nmulti-color

i E@@eﬁ% inlive cells or tissue sanples. Fluorescent

p 1pessPBinduFs e Be e as probegifen seelmyinaging in live cells or
t @l $avnpléd FBASYarh dhsf[hjb -dyE! fbbey

radi oact ipvge pr obeas.ﬁ[e’OOOG §%F%grdg§c@%¢e g?/l‘(iergi E:Oaﬁ rB%eptor on the
usedagerofi Risthgstelieniwets dhs heanl eed inchaimagine bfi disitglMdlecule of

a ng . bi gl ogi cal | es .inyol vi ng nucl eic
2R fodled BV RS € Sderaanain SoRNRIHY Several
| fivotesesht ipfotleld favin R ASAHE 85 Mbrégce&e\ﬂﬁsﬁe{l&olg%lﬁflﬁéﬂ% 88U to perform

fromone generation to the next an e roufine
f FHEEclor iraging| invlivey cellsgemtisses . samptdse Fénorescemtsprabes are highly

b | he..obj f study. FI o
i, of rehay 108 HRRUTIRE by, B ool b dadioactive

apirabss.and form highly fluorescent conpl exes are useful
tools for such study. These dyes can be used to detect
tmogi ence an(gy uanfities of DNA and RNA in a )
v ﬁﬁg?refﬁ?a? ©8 (CARt P Bsagn Hhr detacyipn of srdeic agids, including DNA
exhd R&IAS and BlARGHiEARAARPIEE | i€ b Q@ RYei i

an o@%éél Rag) gﬁgg{ﬁ:l%l:mdi@lg LS Nuieil Q&piplymers such

live or fixed I's, dea and envi.ronmen
s PN and BO%A athyimyolyad ib ¢heusedniissidrthef ganatit iinfatrhaidon from one

d ' ' | -t | ) .chai . .
BB ke B bl of TR ARARSER DR s N
r ecidanethanef imedest ahd dheabjoss of stulPOrilioBoNMREASE acid dyes that

chaipn reaction (PCR) is a prinmer extension reaction
t PReCIEsARY, ibinss toanualeie eids fand farmphigh)y flyosspeant fcbmplexes are useful

n | j ' L1 GO, ner al i.n P t he .
e (R W ——
eBNA aindt RNee ih enpariatyu o snedf Cinciding pure solutions, cell extracts,

electrophoretic gels, micro-array chips, live or fixed cells, dead cells, and

environmental samples. These dyes can be used in the quantitative detection of DNA
in real-time polymerase chain reaction (qPCR), which is a technique used in genomic

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 maintained for a short period at each of three temperatures, 96°C, 60°C
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2 WD 2006/ 099605 PCT/ US2006/ 009910 and 72C, to allow
strand separation or denaturation, annealing, and

W@ b@ib9®ss ensi on, respectively. These three PCT/US2006/009910
tenperature stages are repeated for 30 or 40 cycles
with the wuse of an automated therno-cycler that can
heed 73iC,doellowsérand bepacaion it fienajuratien, ansedinigy Andriletin extension,

very ra eatln t.he PCR c

b rRBbomes ok dBEP R s Aot Ty rif gistes with the

| fse? 08 12l GdRorA MY MBérkfo-EyRRE L th@NcAl XEMI & ¥adl hhé tabd BbAthing the

of hours, enabling researchers to determ ne the size

amca@rqn@xi@@ iy ranidlet: Bprppeating the R cuelpl ¢ miildignifeld copies of a
ﬁi\hc U%H lell‘%ﬁ bP, gygél;]% ?rna% ?%1 aé}llgg%gt.lg%%c?ﬁpﬁuxture within a matter

dobhowas, epabldig feSddrctRrdio@eietitithei the Mat hidseqaéndel of target DNA. This

Met hods. Enzynaol é]§‘1987) and Sai ki, et al., Science
( PO85) ampliies IPERE H1as Reepebtedi &Rl Cloming j2ad iber,molecular

i 51 @Jl'rh?rilbmgu&lﬁall?ugas ecélg> E%RWC][QI ?rﬂrs‘fllldé(d ih P\ﬁlélhs, et al,

| smo i‘cation o
tMaymdstwi @987k xpd Reailt, |ea&zl JSarenee (19B§) runni ng a PCR
reacti on and neasuring the total nunber of DNA copies

* fogbY She R afbRset Ecsditng B SR i ot B Rrl S bR TapCR).

oIS tht RebcPAsHTRE QPCR! is bhLAGAIPAR BRAPREEADADT RS DNA in an
DNA detection is a generag)!g%/ﬁseny tive, versatile, and

c exRENhBHtmamea cBY sHnning H Feaetion and awasuringraR total number of

T f e A% S, - e

TS s bR B b Wt BE OG0 A RAERS Saci,one can
Iadlﬁiae@lvemy tdlcdlne the amﬁmftefﬁﬂauﬁngBNAﬁhatéﬁﬂS, or with a

conbi nation of a fluorescent dye and a quencher dye.

G F e Y S e an' Bo Sepe el S Ee Cfersatle, and

u E&Weﬁieﬁ@&ég&ldﬁfméthgd alak goREg e ?Cﬁeﬁhérg lateOM WG pes of fluorescent
hybridi zation 1n a manner proportional to the armunt

ofcappits pseskiorPCRT e rfgsmapﬂ is ipasadcbnt dligonsdeides abeled with one or
oI | 0..based LI uoresc regﬁﬁeﬁ gle beent escrd i bed her d
i %ﬂPB‘iﬁé"eﬂ (e & ‘3 N PohEIOEEE™M foranc d quencher dye.
emaw Ribele@! 1B fhucl@dtidal reled¥eORuorbitbhee é@ad.u ﬁlhybHSi%atmn to a
(1991); Lee, et al., Nucleic Acids Res. (1993); and
Ut@getpsgqlmpe N $1pO5, c]@gm@pg thesolipgpgudagtides doljoyging @;gbndlzatlon ina
5 %
Ber 3900 RO’ amPrfh By Rril TUCHee Rl ang oo use o

f tﬁie gRgRbideflidiesdy anigage Iofve liviengddstiiiedy in yprcis patents and
toward a target sequenc

|
d@gblg%tla% Se8ni8 frampley %%%Bin%t.atg/z Rrge. ﬁ@’@?%é&&ﬁ%ﬁ (1991);
t[ﬁ\gb. aff 'M&?ﬁé R Us k&aggﬁi MREE erPa%D%IdsS sbz’al@QﬂsOB 538,848,

ndi’ng fl uorescent are comonl
r 61258568, 5694 sl4b) l5§ﬁﬁ§$5dé'n15 1]18;&611&5@31@&26 cypd s6, 635 427. Although

ST T e TR S
MRRHAHRAE towa8d 8NMskobidequémeXiPe atevery QopRx ihNRbien and consequently

expensive to use. The second type of fluorescent reagents used in qPCR is based on

DNA-binding fluorescent dyes, which are commonly referred to as fluorescent
nucleic acid dyes or stains. Because fluorescent nucleic acid dyes are relatively simple
molecules, they are easy to manufacture and thus inexpensive to use. Their

application in gPCR is useful for routine genetic detection in research labs.
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application in gPCR is useful for routine genetic

detection in research |abs. 3 WO 2006/ 099605
wEANbABBED6/ 009910 [0010] Not all commonly avedT/ak1086/009910

fluorescent nucleic acid stains can be used for qPCR

| deal | a_fluorescent nucleic acid dye shquld ne

o 01 ot ek tpmonla; aveilably iresGant TUBIE FOR SpRREATsBe used for

F PER: Ide!lll%rhofl'ﬁd}e&@ntcﬁ\fdi&@ akil iy spkig n‘i’éé'i: 'C%lﬁ) @Hte@irdcfor it to be

or age ince PCRi's carried out at
t antableaﬂou qBCRt tre. Hirst, grshohld tsechemegably- Séabgb flering PCR and storage.

pertet A8 i o Pl Iepimtatiey e o8 g 8 Bugro-stabie.

| aWaiRAREY, dinek end EEDLS tHe MRWutRl ued o1 PORtdait vasi engidatably from
hi gh tenperature, the dye should be resistant to

aelkalineo(pHhad ) ab 0wt tethperabBe{AXE) tQ) rﬁleutrESe@ro plightkyhacidic at high

dye en present . in.the PCR sql ut houl t .
iR DR b T I, AR GpB gecomposion
NgRcdniY %eeawh&f phasetl the PCRoicﬂﬁtﬁﬁﬂtshbﬁldtﬁtﬁ inhibit the PCR
absence of shoul d becone h|ghly fl uorescent

i prqcms |Ef|h§§e theedyst slm&d be e fluprescaet oy Binimadly dflepigscent in the
ng f HFA ?IE sﬁ‘(?ﬁl rl])e%}{g l %%ofe@@%l c:hhe Ipr(:)esence of DNA.

eX|s I NS nts

Nl btmlh |tLie &Wﬂﬁ)lﬂﬁﬂhwetabs@pﬁd)m ald @hiasioe wavelepgtharilme dref compatible
common fl uorescent dyes, such as

(Aﬁ%‘l pEigting; 1@@%@% wh @t 8 @j)]tng,a @’Cﬁgjlulpmch FQ{B}QC&I channels

T d I dyefX h,
LR LR b 5 B0 e
piBidsystems e Fostéi xQity, CAp '[DNMME R@XplTex% Reldo {l'y3, readeCyS, for

LSRR ek b Shed U iR WAL o] S .

CRilRS the DNA-dye JdRIplSdE Rhdudd Revd NadredRhve frdMsiies it Gre linearly
aci d-- bi ndi ng-dyes can be used for qPCR. Ethidi um

brdated o (hEBMOoust of IDNA pigsent.hat has been used to
denonstrate the feasibility of using a sinple dye for

gRCR..; H.guchi_, . .
753y U B 5t PRI St B 42w ot acio
smsjlﬁgi dydsycadtd wsoddsi quReEﬂ@dmlnemgmhm (BtB)ws aeDNAudgdthat has

f PCR YBR
gen gfgggg ,q]@mlosétgé% Hle?gf.%?l; 1t3{,@1{ {gc}z%rg g/glléxglglgld% foprr (ﬁp&% "Higuchi, et

B'a‘?t R4 %‘3? blst %’utlé% d{lﬁy@zﬂ 198 dver, S]\_‘{BRSL%&@ rfrolm lptotlems of low

cycl |ca y su asymetric cyani ne d
Zisppitivityetndaindesitdbiz \ea\mlehgtthARe@clyméd gdys foz Q@QR is SYBR Green

e on el GO, IS0 i

Haidrnoand SYHR SN MAVECR f‘sﬁbk‘tﬁﬁﬁéd@s Rledt d
ga' ng ?hozg of FAM with ﬁl/hbl ?I%ﬂtyrmst of ﬁﬁ eltic cyanine dye.

l rispmrm wl.sNaeleicdwisatasbd A1 2antD% 804); end v. ShngFﬂni/ Nos. 5,436,134

f;lgflﬁf g—{%&%\,ﬁﬁ ﬂg P@SE 0? ]E,Cg?e%ﬁn{ ﬁ}’e’ tlﬁt ?Elﬁag%%natlon and

Stehligsiotl Wavflengiitevedy @losely Iﬁ@lbhldgsbd)sa&ﬁCFAM, twhithughich hgost of the

LC Green dye appears to_have desirabl e
instruments are compatible, and that it is highly fluorescent when bound to DNA.
Recently, a DNA dye called LC Green was used for qPCR, 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 a related dye called BOXTO, both of which
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wavel engt hs matching the commonly used FAM opti ca
channel in nost of the PCR instrunents, it is nuch

WO e®s/09%8nsi ti ve than SYBR Green |. Mre recentPgr/us20Dp#09910
m nor groove-binder called BEBO and a rel ated dye
cal l ed BOXTO, both.of which 4 06
P RBHOLI oD e P e B S ST GOCR. Bragiason, ef .
bR BlelCRAIHS ﬁ@s.fﬂf(8y%ﬁ5i()Q0@B3’%d Bes.gpAsNApiicaibn Publication No.
Nucl ei c Aci ds_Res. 31(8), e45ié60%%). and U, S, Patent )
ABPI4/QLR2066, Fils| 16 foieem pesh BEBQssn BOXID significantly lag behind

. i gnifi tly | behi nd
SRR e B RaRRAE D T, Vi T [D012] Al t hough

SYBR Green | has been wi dely used as a DNA dye for
qooR?2] iAlthetgH $YBRsGtean k hagbden veidelguatd ases Pl dye fooigPCR, it still

one, SYBR Green | has .an i nhipj.t0 effect on.the P
PCIEEIEE Th VG FFFES: (RO St PP e B R 88 SBHYIEY Ghct on the
CPORAGRORYE WMich! Nfit8 afhk NBafiBuf gﬁcgﬁdl'utitféhgﬂﬁ ond N@n achieve by

fluorescent signal strength of gPCR using SYBR G een
| incseaisimgt dysl dopcentapiont Tl Ehonesceni sigtglesticagibeoft QRER mging SYBR

45k LB SRR el SRR (LB o

f wach&ra pdiMowRas ehel dyedyRtsa6 MEEHIt thatPCR pickds si@lifiédntly. A further
| ower the signal strength or increase the cycle

ningsease (odye Bercgotetion wilk gelvally bt dhe signpalcsfiangth orrigerease the
a Y ' ' e

B Sipe888 BEAHE ol ISTASASHISL 0t Sy e
t heés Bdmibaltyf enstatle nnddradiledinatcohditiohs repelr a$ thecalklinehamdition of
been_report ed éhat SYBR Geen | stored i B Tris bu fﬁr
athe,PCRePWRs o¥Ren 8fomseh ph loghfqmppesiture. (I Bag Begts gepgfted, that SYBR
f Aot d Q1d
RIS USRI G S5 of v
Bidaysemdnthapuhs dg2debbmp6Sifiot pEidiaEts akosppaentlgpotdne inhitHdBR Karsai,

6ot Biyiaoa T Ab1 80 (A DB 408 RO ST PR, prech T brovides only
| RRLT ﬂP@fgﬁénE@V@olwl M.C?gbr?c ie?ﬁ!lll}p hanneble ubRsEAM detection

optica annel and a ional ot’her optical .

C lzstmoedes)s fwe nanltiple mpsicalaghabbads (the F&M apiting ¢hahnél pind additional
fl uorescence cal ors 0013 Vv nent of.

¢ ol SREERERpRS iR ap ISR IF o ERE suflinle Augespapee colors.
desirable. SUMMARY [0014] A nethod of producing or

d ¢6013) DFeRpe s fERRR el igesSer the BlaRife®r this@detthereof is desirable.
application, such as in a gPCR process, for exanple,

is provided. The nmethod involves covalently |inking

two or three nononeric dyes via a bridge that may be

fl exi bl e and substantial | yYSHMMARY (for exanpl e,

n ral | I r . t '
OSER10 yE BEe S0BE ep ely BEURY o vt
t pplitavieh,oprobngs ivfa gPCRUpreesspfor krahpler ingrevidye The method
t hat _has a wavel ength and/ or other spectral,. pr olpgr t %
involves covalently linking two or three monomeric dyes via a bridge that may be
flexible and substantially neutral (for example, 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 spectral 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
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that heretofore could not be obtained. [0015] A
fluorescent dye suitable for useful application, such

w@g0obhgdsoziescri bed above, for exanple, is proRCHES004009910

di msric or trimeric dye, which may be produced 5 WO

2006/ 05 PCT/ 006/ 0Q9910 accordi .to thod,. . . .
2 BCRITIRS O RMEAT Chakted TRT Y SO 21 Teen, RolCHp; Bich, i is
| beligved D@hdye¥Rshle TBY @RARY astdileneidic t &idd Jid) anwdlbReGn-demand
acids via a rel ease-on-demand nechanism as further
dmhamm ﬂSefldléh‘ﬁ degerippd hasins A Beidaserighhareip mazkavgtat least one

g ) re Oor}eall g %eu?qlo%m lf!ﬁat&fest R}? t{V% 8J Po n‘%uf)l%@ée%g %ackground”
rel FVEl'Y o Yorescehce ak

(tﬂlm&@sm%nmethb ribbdie A SRialeee @cfldsf)wiﬂ ﬁiyt; aadlldénlly, 06 fluorescence
any, and i deal | i/y no_f| uorescence, background;

r Brekereiady ralaiehdrY RhRrkipien, %rrﬁdldp%l%ml’c% gnhikigion; relatively
DAL Sl el 0BRSS ST s et

bei aekeasisonetaf thesel featgtespoeanfo slhef ¢heke ditatures , than amsxlstmg dye,

g%l{g‘,;lg @iﬂlﬁﬁe(}rfe%gf gqgese;eszlg)})ty\%ggy gt? m AégyeAXwgbng ﬁereln may have

deshbpbed sher & Qw‘i@é’leﬁ%ﬂ @ndBr BRh&IR&T §ﬁéctr§ll'tﬁ5pé%§y For example, that

wavel'engf h and/ or another spectral propert y, for

ehawtﬂfere cohklitnot hepbtakedr e coul d not be obt ai ned.

[0016] Dineric and/or trineric nucleic acid dyes or

f i@%&? ﬂlmg}lc nt%éogaﬁgl?e&g:t gocﬁleng%ﬁ@e? géilljn% g{éf are capable of

aﬁr&ra&[d!éﬂu&&diuneﬂ formatidig lor @vetbrinbidén of & ahitin rstrad:tama dre provided.
non-fl uor escent or m ni mal lfé@f | uor escent P
. g IbP ewdtthﬁ@yh%@@b%pﬁﬁl ¥ Jray ngBribwessRent jof miginally fluorescent

hb gsi%s@ﬁeb@cf Q%i nﬁilnrq]eg ﬁgbﬁfﬂg&gs&ﬁt P Ble! Sr¥&Hct Rthucleic acids. It is

I"'éI'c’ aci occur via an
i bekeveddhatt rucddiataeid bindingi of ﬁ)hedydymay @COH, vmmnpmtdrmedmte state

open 0 nformation. It is furth e

Rt i e e Bt A opem oot eoipmatiay TP syt believed
atﬁdmeE o?b‘ﬁl?&ﬂdb)h élﬂﬁoﬂtﬁhtmﬁ%f'thé Byd HiRyWxidd it Eesﬂh@ll qRinfity and in
state. If is believed that as the anbunt of nucleic

acijeibibriimcwish dless hairpin efgtei. I isrhelinveshihpt as theranagrat of nucleic acids

hai rpin state.toward . nugl ei. 0
¢ s R SubelFodpe ol s SRpE o R4 EicUeid-bound
r gt &f 1h8 diyk weiyeseer eectsihgntk strodyth lbe tl‘idJiésﬁlaﬁg iflabtegcence signal
l'inearly proportional to the anmount of nucleic acids

preayehetsubstauiaty Limpalpepettivasideithretmeonsy 0h ARdpic 2GS prpsent.

may be referred to as a rel ease-on- demand nechani sm

OEO@W@T%%B%‘%SC Yd R chSHih 2RhentRly \6@ éf@H’Ed 19,858 release-on-

ations, such as quantitative, Teal- P
( @] nfeohaniseapDNA Meinshgy niny wadesirable fpd wnwus epplidations, such

e RO b M AR R ShphleSy B By vy of explanation i
CRNpaRvEA AR The FRWatiSH 6P tﬁehﬁehr;ﬁn gﬁ‘@ctﬁ’i%%ﬁﬁy’ Redengiceiehfective dye
may interfere very little with the PCR process. Thus,

asonenpatied e buobrthatizodps dbgershedheedin amy SVBHEE wsn liftle with the
f‘i"’CR process. Thus, as compared with previous dyes, such as SYBR Green I, 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.



exanpl e, a higher concentration of a dye descri bed

herein may be used in qPCR This higher concentration
w@boodpeoenmy i ncrease DNA detection sensitivityPCPpEsivagando1o
significantly. 6 W 2006/ 099605 PCT/ US2006/ 009910

[001 A nmethod of determ nin cl ei.c aC| f or mat
[OU8] AcREPig b SRermmRELI G Ecif STTRIOP dbd 1 Bo@ah ) & sammple
rTgy 3%ideRY THO safh fépfnla? eor%&fﬁl@?fcoﬁﬂﬁkee 'aCta?g%t GructelChei® Such a
method may comprise providing a test sol ution

cmtrﬂrodsmag tdepsenptayidingl aa test | sodutinsic somprisiog ethe sepipde and a

dﬁp%ﬁﬁcgn er}%pgn o Sofcs n&ﬁﬁ ol %ﬁ:ﬁk dlscd 1ed (E]yeshats rt]he formula:

substantial ly allphatlc substantlally neutral 1inker
conpri g éﬁp@@OJL_Bc&o about 150 non-hydrogen
atons; Q |ista—dye—constituent selected from a

fl uorescent nucleic acid dye constituent, a

n%elfeklyﬁf@ﬁ@}@fs fﬂﬁsﬁhﬁal g)hgbi@ suﬁg’cgﬁtﬁdlfy%ﬁﬁal ﬁnker comprising
fl uorescent non-nucleic ye constituent, and

n fmm‘ zihmalt 8sc ebdutrich nomhgﬂmgen aiont; y as & dps ccmsuewnt Sed@ted from

e const] t uent e ected froma fl.uores
nacRefbsett dug fﬂ? E6Kis 878 (ORTiToSty dn AR ESRaR Mucleic acid dye

NEGsBibfenf Gl fihoteerf MR IHubMRIYcid d@ve édn'd@ﬁl@ﬁtc@{fﬂ a non-fluorescent non-
non- nucl éi ¢ aci d dye constituent, and

nom@lellcuméskye reonsiginenty €)zeisca sl&e cponw@eréoﬁ@ctqdu@ﬁm a ffporescent

e .const.i.t uent s e

PR it O coneal® p e iprBtbhe By Beig oy consiment o
eﬂ@ﬂfé'sébnt iBh-hyleieyaci@dy @Eorfsﬁﬁiéﬁﬂ @nd tahmnf-ﬂmemm nuclelc acid
nucl ei c acid dye constltuent may be sel ected from

adyé eomstitugpe Thaﬁlya§9mmemsenak%ﬁmh@f Piable glye yﬁﬁs@ques such as
c e n [

YRR e e G AR 45, 0 SRS e, orscn
ohutlbe 43id dye consiishidnt ueayt baneledtbd fﬁﬁn dy ecridinnsiyet aepsymmetric
is a.reporter dye constjituent, and L east ., one

GRS ¥ BIREECEYaRne dyesoh Ry 1dngm Pged Qﬁxcggyéomn dye,
CORghiskantdye! At falt o rdslé CERYitRME bEInE g{fdy@ c@ﬂﬁltuent and the Q, dye

constituent” or a non-fluorescent nuclei'c acid dye
c eosdtitdene s a reiﬁbﬁerrc@pmongﬁuajy,@nd@m daaist Q;@rdyea:ﬁqsttm@t of the Q; dye

fl uores ei,c aci stltu

nsbrbehang s it st e Rhsi b e e topgoent o
PLOERSSudtedRat Adteit @8ld &Rl donbi@deithThe Wepokidr @ge constituent and the
sufficient for anplification of the tar et nucl ei c

adiugrespent Incleiroacid vk econgitpent Jeat A mayripbtbenifie |same. The method

pan il be il a Do BEOTRS fhe%&%&%‘l%?}ﬁ@%&@“&“% sAfficient for

e&ﬁiﬂhlﬁeatlo'lfh@f e tdiget mileicauipshaed thel sampﬂ‘fatomglsehhe tazgdt nucleic
solutlon with Iight at a wavel ength ent for

1956 Matel iy wEna pepele.che gRseSTIBRL P IpRESS, such as a real-

d 98,2 BERI © TR Shefhol! B w%ﬁﬁﬁl ting the test
8%%%?t%hg&ﬁé% %@? 1? gFternlglﬁgé%Sclch acid e
fcsohmlibn owitlorlight lahak wahelereth sifficéent for absorption by the reporter dye

constituent and determining fluorescent emission or a lack thereof.

[0019] 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

fluorescent nucleic acid dye, where the fluorescent nucleic acid dye has the formula:



sanple is provided. The sanple may or nmay not conprise
a target nucleic acid. Such a nethod nethod may

W@ 0vpiwes provi ding a test solution conpri si ngP€TES2006/009910
sanple and a fluorescent nucleic acid dye, where the
fl uorescent | cid dye has the forrmula: 7 WO
2006/ 099605 | 910 QL BRIDGE @2 (B wherein
BRIDGE is a substantially aliphatic, substantially
neutral |inker cpnprising from about 15 to about 150
non- hydrogen atdms; Q is a dye constituent sel ected
from a fluorescent nucleic. acid e constituent,

d a
noherein, BREQEENS ansibsiantiallycaliphaje subyartially peygral Linker comprising
f
B R PO S g 0 LA Byt o
I 8 fludlysentomaticicuacid dgd eohsdudntom aoﬂ-lﬂulorese&m nluuclelc a01d dye

nucl ei c acid dye constituent, non-f| uores
n g@qsgp@mé@,fgloaesggelg @ﬁgv[nlu{:]ﬁg;lﬂqd (iye qonsfitnent,. s non -fluorescent non-

nﬂﬂclgll@ca{c?d Gy8 otlstfiéntC Q{}SIEIEI ld?@toonﬁftﬁierﬁ selected from a fluorescent
non-f 1 uor esdent non-nuclel ¢ atid  dye constituent; Q3
i sudeidyacid odyst iconstitens eh enanefiudresvanta niitlaisr esidedye ‘constituent, a

cleic acid d titue n-fl uor escent
ndepErEntapmigiEicERLT R ea’ ahf § s BFEREN nomuctec acid
N@Pe Bbitificht; @Cisth @CconRfi@bhatlJeRREed @A adfluorescent nucleic acid dye
non- f | uor eséent non-nuclei ¢ aci d dye constituent. The
dyenstitusnt taj navefieerespayt wiclein peid sive donwitagns, a fluorescent non-nucleic

e?zgﬁ,{ﬂy@ %Sﬁ{é ein? Lﬁgﬁ on-@?dsrgsxcgﬁtp o H.?geipﬁiﬁid?g Scélgs:t]ltuent The dye

n uﬁll\sﬁltuénﬁcmdy Hé/ eng suitble diendonstityentiesusie he tosel déserbediherein, for
acridi ne dye, an asymetr.ic c%gnlne dye,
c yaENple. MSV(B’ by, W3k Oh SRARPIE dfif ﬁ’ieé’iﬁé‘t n‘éﬂﬁlcé‘c%l;}g’gﬁpﬂsmuem may
d | pS4 isyaRlri

%69 sﬁ%&%d qlé)?lé )éggar?rsltg?ﬁtg udé@i at gﬂéﬁm Xl?gﬁ §¥t§1| ; ue% Hi bric cyanine
t ldege, @phaim&thndmmnldya,emd a @ymmreplw,taed adsteryl dye. At least one dye

constj tuent, a Ieas ne nstitu nt of

QPORICTE Gt Rarfre SRR eBna B CBn bF  taREenismlinte Qs dye

RoARucn® RSt ichHREH dyleTostithdid) MAGE Mast el d—”yle(bons?tﬁhéilt @Y €he Q; dye

constituent of a non-fl uorescent nucleic acid

c ensttittemgrihe Qfdge censtitueat, andijhe Qodw ¢qn@témnfalﬁ@ f{qﬁ)éescent nucleic

LL#I R f Gg?gltstltglglﬁ;eoerl é:rﬂggﬁ@?ﬁ%%?n? %ﬂgl%ict éérﬁli"g ﬁﬁueq@yl“he reporter
?@ Q&titiinhghd fhe flubfkcendhuitléio Iaciklhﬁré comilhe.ﬁt hﬁiy or may not be the

ficient for amplification of the target, nu&@elc )
a(same shesumgthademay semprise pRfeTRBE PHRFOFES Jingnthel tggtsolution that

P%k?qﬂd e Ghcidh %P%m%ﬁlﬁgﬁ(tﬂﬁpbfthet %&e@ QEﬁﬁ,SaHEyshQ@ldathe sample

rocess, suc a rea process,
ekaﬁiph@e th'Ehterg‘cEEhhddlcrm*yd Mexebyr by evayyl dfuerianzgpls, rttge pmgess may be a

R S el s e R RS TR B 5 peiod may

debRfpRLd iflgnina HAE GRC G RIUIRA! ARthOlight atl AGkaveltabMObutficient for

absorption by the reporter dye constituent and determining fluorescent emission or a

lack thereof.

[0020] In the formulas provided above, BRIDGE may have the formula set forth
directly below.

-Ly-[A'-(CHy)o—Ja[A>(CHz)p—To[A*~(CHz),~ ][ A*-(CH)s=14[ A>-(CHy)e e

8



[0020] In the formul as provi ded above, BRI DGE nmay have
the fornmula set forth directly below -LI-[A-(CH2)a

WO 2006B9960H2) a- ] b[ A3- (CH2)r ].[A 4-(CH2) 6-] d[ ASPCTIZHIR)0BS/009910

Je 8 WD 2006/ 099605 PCT/ US2006/ 009910
A6- (CH2 [ A7-{ CH2 CH2) 05 h] A t
1} - AL OIS A (R A Aot AT G T L

i ndependently, is a noiety conprising a single bond;

a [ n . .
oL Bl Ftkibte, 200 WP, S0 ShdhptRle A i SR cpfpring 2 single

obald’; atmimahydamsmhtehﬁxmdg 1 caboiNjo ﬁboan di2 Sarbons, e'm:hmigd, optionally

optionally . conprising at ast ero, ato

o EPEBRYRE F} It Igne el a B adfesied FoR fom and,, rjan argl optionally

A@omﬁﬂsmf@t 16&9 on@ﬁ&et%]e%m sBleRe @%FN‘ Y) aﬂdSS @ach of Al A% A% AY

nucl el c-aci d- bi ndi nog-enhanm ng-group” ( NAB BEG O ;
&d, af l«sﬂ anhA| omaielpyn@ﬂ*p,rlssmn@}emad@bl@dm@rf@hancmg group

h%&bgl(gt ggk:)]rdc’n% e(g lﬁ.&h%%t}ogghy Icalgprlglag aB hegls e ileqer% atGfSelected

COUR{ NI OYaitt St @RSht Iéﬁﬁ 611% @ﬁt@ra@é@ﬁl 5‘0@| @—ﬁieﬁﬂ)efd@ Mnp, oPtionally
and S; each of a,

3,
i ﬂ@t@p@ﬁd@n{lﬂ yeast sonf«erh@tem %tﬂmu ﬁ@légféd ffpﬁlml‘i tQ) b each of

I
a d[3 i 7’ f f’}’gé ﬁbl 8{%‘?} )}n&f@ n@e&ﬂg 6rze§§1 T elglte Ige% ﬁ%rrﬁ ? t? o‘?lbout 20,
alﬁﬁﬂﬂswezgnd' ncl usi ve. BRI DGE nmay conprise a suitable
nunber of non-h drogen atonms, ~such as from about 8 to
aboiitof 208, erd, abgm higwl i, indepensienidy, iaperaror 2p iptseens 1 to about

690 ncﬂ% VléSI ﬁﬁg?@ﬁ 1?1%8 l&)ml)gﬁé %éﬂ%‘é bek 4! d45L Hé%tr%gen atoms,

conprise u
O@@clpﬁss ﬁbm\/ a)cmln@r @eabdieried }OrmbomaySQmedmsima,l ghouBRR DGEbout 60,
may be any_ suitable Iulégker | ecul e, %g(ch as

n
dé‘?s‘%lisi“ffe@r RBPY; 19, tor ghoud #anpc Slvlenn’&ﬁ"éy XEwHPE e X%FQIEX%RIDGE
h c@’[’f)& f le. BRIDGE may b
%ﬁl(y é&&p&ﬁgéﬂy%@?m C- Oﬁclljm'é?( §a()\/\/f:wxearnfél?(?1 each may be
x,any rsd il e d et mole@learsulchtasg:my é@cabetbdilefeﬁm nfot exgmple, In one
i ncl usj v I nteger selected from2 to about
26%%181@@113%%8%@#8@@ and y, independently, is 2

or 3; b |s zero or an integer from1l to about 20,

i ncl u_si_ a@(LG)NH.(@HER [0-(CH, P[I{]%P@J(b}gﬁ]lmﬂ(Gi@P&Hz)x

associ a t he "above- desc ods are
prOV|ded N@rely by way of exanple, a dye of any
t vhestin @actth,elsd oddndledischr intagpy selessgchiioms] fsr blmla‘éaswe a is an

Ngntege)r se&'_{%g)f 2%0 about 2% 1ncius1ve each of § and vy, independently, is 2 or

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

[0021] Compositions associated with the above-described methods are also
provided. Merely by way of example, a dye of any of the structures provided directly

below is provided.



NHH NCH3)2 (H3C) 2N 9 WD 2006/ 099605
PCT/ US2006/ 009910 N(CH3)2 (H3O 2N jpf 2 ~Y p M\ [

WO DiweMB960N( CH3) 2 (H3O) 2N 2°Y S H - N NH~-~O'~ PCTZUS2006/009910
HOH\N NH 2T NH2 o N N+ | V' I H NH2 NH2 In the
dye struckehes above, "P represents an,gpion, such as

a iodideor a chlorine ,gnion, nerely by of
exanpl e 0022] conposi tion having the rmul a set
forth dy oW o S~-ah S e -[ BRI DGE
@ Rr this formul a, BRIDGElsasub ntially
al i phati cnduh.nker conprising from aboutydg to about

150 non-hydrogen atons and up to one positive charge;
scent  nucleic ggid dye constituent; @
is a fl uorﬁc nucl eic acid dye constituent; and Rr
IS a rjegctiyg oy oup.o nctigpnal group he — s
reacti vg~°r oup r\)f{u/\/m\nctl'%/n\zf\ gr ocﬁp Pr/a\y/Tﬁe‘(\a%y/\ 5~
sui tabl e such groups, such as those descri bed h' n,/
for exanple. The conposition may be any suitable
conposi tion, such as any of those described herejnp,

for examfd e. A nethod of a%ing the corrp05|t' on, _Qf

dye, ¥yconprise cconjugating the conp05| ‘

substr wSUSR 2s_&_substrat
sel ect edndkoma nucl eot ! de, an ol g(E cl eoti
pept i da tel n, a hapten, a drug, a mcropa
gtl c polyner, a natural polyner, a biol ogkcal
cell, a Virus, and a nolecule of a

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

anion, merely by way of example.

[0022] A composition having the formula set forth directly below is also
provided.

Q—— BRIDGE ——Q,

R

In this formula, BRIDGE is a substantially aliphatic linker comprising from about 15
to about 150 non-hydrogen atoms and up to one positive charge; Q is a fluorescent
nucleic acid dye constituent; Q, is a fluorescent nucleic acid dye constituent; and R, is
a reactive group or a functional group. The reactive group or functional group may be
any of suitable such groups, such as those described herein, for example. The
composition may be any suitable composition, such as any of those described herein,
for example. A method of using the composition, or dye, may comprise conjugating
the composition to a substrate molecule, such as a substrate molecule selected from a
nucleotide, an oligonucleotide, a peptide, a protein, a hapten, a drug, a microparticle, a
synthetic polymer, a natural polymer, a biological cell, a virus, and a molecule of a

solid surface.

10



solid surface. 10 WD 2006/ 099605 PCT/ US2006/ 009910
[0023] A nethod of preparing a sanple that may or may
wmoaoeomsns i se nucleic acid is al so provided. AEEUS2006/009910
nethod may conprise providing a conbination of the
ngle and a conp03|t|on or d uch as those

3} bedArBethed of RERPAENS 3) SRR h@? &ay i ey §°bF%‘§%r|’ﬁe nucleic
TE%)I& hea ﬁ@g{ﬁbﬁde@ ! b Ro@Thdr EdED ﬁs@ﬂ@b@i’ﬂlﬂggafc@fﬂ%ﬂon of the

further conprise ’incubating the
csandyleand amomposmomm dzyfa, wieh @8 hase nﬂgsqmbeé dprein, gyherein if nucleic

absence of nucleic [

TS Pt e Smpl & 2uiie g St Rpet b ffthod may
tﬂﬁth&a rléerhﬂc@a@iﬁ tdrhiSiRaticH. A}ﬁﬁethsdl (bh datenhhm@presence or
descri bed herein, erein if nucleic acid is present

i absers gfanmlelc agichift pesaIples 18l 2lpeprovise Ehe methos gy, comprise

[ |
:/\B R?g I?ét i 0 ZIS%: | egf{h%g%lhﬁﬂ? ; {1"5 #&,ﬁf}%@tf élaoé dye, such as those

agdsdrisaRdrein, W&eifeﬁf fraticleieadid ghpresent albﬂmrdaaq)let Iaemml:ejq acid-dye
and determning flugorescent em ssio,

t prepplex 1s fomepd; Hpminading the ka@ﬂ%@&%ﬂbf) g2 a VYaéfFWﬁgﬁh&Hffmm
Ogl%Cﬂ l!h@f:li(f Bhﬁlrcﬁe% abid- c%rrg)?eqp Ltdrmed! 0 HPhOY d8&brbdehereby; and

nprise at one conposition sufficient
f detemningfﬂmasscm cofisdiéreor aatagletthemmﬂ Aikit foe |ddterm1mlt&nuclelc acid

= Earlatiom & & ach ROt Gaopl o PEuaits IR R guf Sonfpfe ateast
dERE EbppskitGT ﬁifﬂeleﬁpﬁ?%}npﬁﬁ@ﬁﬁ)rﬁ@ﬂth‘é afgetiBucdibaeid in the sample

aspects, features, enbodi nents are further
delgmld t}e@ampbeqonnprméal@naqura@m o apgEpRKigonesslye, such as
|Ied description of various aspects,

[0025
fBEF% g§r§ﬁ% @HBodi ments is provided herein with

reference to the acconpanyi ng draw ngs, which are

by Thegdesnd ieidubeltiow. aspbets,dfeaimgsaat @embodiments are further
illustrative and are not necessarily drawn to scale.
THesceibadhheighl- i | | ustrate various aspects or features

and may illustrate one or nore enbodinent(s) or

exanpl e(s) in WEFWSC@IPH@ON OATHH BRAOWENGSNET al |,
| etter, and/or synbol that is used in one draw ng t

r §0025] on datailad t desatiptionelof memious r aspecis,u features/ apd erub@hments is

in an rdra to refe a like. el o]

fgéqveé) PP BT ﬁ%&'d?récel{() &xledicc??lpﬁgymg d?%gfr?rlgﬁ {(;:vhlch are briefly
' |dleéb§1'b€@bbl@ﬁz The @MVIB% st MiGusvia v @aichre a®e nedessadigyrdradn to scale.
mechanism in which three conformati on states of the

dgéle alrawings dliessragnyarigus aspeats Phiealipes ppdmqy Hugiste ope or more
aﬁE’?Pg eé%(%) @re ?)é %y%@q \Mf(ﬁ% %??rpfgr?rft '&rlleﬂrif)ernr@g E@qutter, and/or

akg@bel thenissvet in eue dbwing @ redfents b @artioalar element or feature may be

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

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

equilibrium.

[0027] Figure 2 (FIG. 2) is a graphical representation of normalized absorbance
versus wavelength (nm), or normalized absorption spectra, of a) a dimeric dye,

AOAO-7 (0), and b) a monomeric AO dye, DMAO (A), in PBS buifer.
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AOAG- 7 (0), and b) a nononeric AO dye, DMAO (A), in
PBS buffer. 11 WD 2006/ 099605 PCT/ US2006/ 009910

WO 0®R8Y96p3 gure 3 (FIG 3) is a graphical repreBenUs1006009910
of normalized absorbance versus wavel ength (nn) or

OB S5 R30S 3 ol gt gy, apsorvance
b’v*&%@sr W%%iehglht dﬂﬁn) RE &RRNaRzeAl athdifption0§ira, Fbﬁ lzl) @ #imeric dye,
(F is agx) hlcal representation of relative

U

fIA@A@s%: g eng mongpest ehgt dye; AYIACHK AP} ipeckEread in the
em SSIC%n W&tra of DMAO (A) and AQAO-7 (o) in PBS
bBFPET k% re DNA addition, a) and c), respectively,
and DMAO (A) and AQAO-7 (.) in PBS buffer after DNA
a 2o} CH’igurb)4 (ﬂﬁ 4)is argeaptaed irspabyentalion 90 kelftingufleoréscence versus

 petslndie Gmp i dhloressonsesrgrson ot MAR IR aad £6a0-7 (0

t T
i o gt et oyl 9. pspatindy, EOTATIA)

TAAG-T (%) ginPBB blufﬁmeaﬁenDNAatddlmrbheb) ar@@bsmqapelcnmly e 6
(FIG 6) is a graphical representation of normal i zed

E@g}’g?‘ it ép@gﬁ §)V\%1]\c/ae§ar%g% n%%eé‘lg tlc?I tn?l)fn%alﬁgd absorbance

Pateid wiNteleduth 3#m$) /0f) ndrAalizedr aHSbfpﬁ))n S étdrab)of 'EQTO’[?O 1 (prepared
(lighter IlneEPt;n a buffer and presenc
8

Dmcortplg@ soV - SiPgigneNg. iﬁ%ﬁﬂb)(darh%n 1%53113 by LARH éa{llghter line), in
gsentation of relative fluorescence versus DNA

concen ‘ration (g/m,), or a titration, of

singl e-stranded DNA (0), and doubl e- stranded DNA (+),

| H003d]l Figuoer Ga(ELG. o)t 1sea pgrqﬂn‘xmk aepfeseam@mf (hatmd)izad Mpsorbance

7 al | ud hi
apiuS AT PR 5. PepaimiPesd FBOHEe B aHEE o 8 RO TBeocording t
C QﬁQ SPHERNDS, 58 @t77f@]9¥lér ﬁné)uﬁ’fﬁi ?’T@‘Fb'—y (ligh&ﬁ@ihe) mG a buffer and

rel’at’i onshi p between the two 33] Figure 8
8)n the paesgneepHfilRMA. r epr esent at i on of relative
fluorescence versus cycle nunber (Ct), or PCR

w&alﬁ ar,| QRF (;)S 47)n ﬁggﬁ gﬁaz)%ﬂ:&y re?)(%%sgré élfni gélﬁwg Ajiluorescence
a%rf}sﬁ@?&%oﬁéen&aﬁ@ﬂ@lg/ﬁl& om@\?huaﬁm gﬂ si)niglé-ei)rami&d DRNA (0), and
er e concentration ere ener
r EPbie- Sf%nqeﬁé)Néy@D@nrﬁﬁh%i@P sl 1A PREpE OF @fééa@q@é 0.2 uM).
nlfg#lﬁ% 7 afs@ﬁﬂﬁﬁd rhnalﬁé%'t %fa?fl?é fﬂ%@f‘e%gﬁﬁt?ol%}drelah% fluore Q.%nce versus
a I fication ot F orresponds to where the

f IDNA esoentretici @amhomssltsubhaglaﬂis linpan iekgiohshaprbetiveen the two.
basel i ne. For each dye, relative dye concentrati on was

Hﬁm :ilild%]fren %E}%y@l is %egg%@tlgaé 3%%§CHE8\R#O?I eﬁ)f {%@P %55 gil(?rgscence versus
gg??gg%{)n%dlr g('(fjt})forli‘CRn Smp N AE0R; Leingt SYBRNGreen I at a lower dye
concentration (A % and a higher dye concentration (A), and AOAO-12 at a lower dye
concentration (o) and a higher dye concentration (m), where Ct generally refers to the
cycle number at which the fluorescence signal reaches an arbitrary threshold and, in a
PCR amplification plot, generally corresponds to where the fluorescence signal just
begins to rise from the baseline. For each dye, relative dye concentration was
measured in optical density (OD) at the absorption maximum of the dye in PBS
buffer, with the dye concentration of 1X and 2X AOAOQO-12 at 471nm corresponding

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



to an OD of 0.1 and 0.2, respectively, and the dye
concentration of 0.5X and 1X 12 WO 2006/ 099605

wERANbBBED6/ 009910 SYBR Green | at 495 nm PCT/US2006/009910
corresponding to an OD of 0.025 and 0. 05,

oSS b e e e gmena Ol ot Do PRLL R deSpectvery

versus cycle nunber (Ct), or PCR anplification, using

AfN341 Bt 9 (BIG! HYBRE LT £8fphichYepredenthiiéh 6f té@a[t%%escence

probe, each at opti mal concentrations. For each dye,
r @eraus vxecldyl@nxbgh (=¥, @raPCBnamabﬁm@guu@ag |A1069t1% ém) and SYBR

Al o%% eFé)tr Lach dye,

aD sor
PERSGLY s R BB Bl e B Stk a
4 felatiNeCOyd &ﬁi@@ﬂﬂf’dtm Was akafdedin Qpﬂca'ilrtlénilfye(@y)? at the absorptlon
concentration of SYBR Green |  at 95 nm correspondin

t BragHEp off the dypsin PR hudfes, Withothe r@eu%ﬂ&fﬁtwﬁs%ft AOAO-12 at
9napth %are?Bﬁﬁﬁg $£ 5% 80 8fo % 6&%&1&’ Wégﬁﬁlcélﬁ 3 o SYBR Green I at

sanpl e cop usi ng een
| 493\)nm cmpcndm@twan Oiaof 0028 aFigura8 elsosindwdesaan inset graphical

subst antj.al | i near nshi betvvee t he .t wq.
;rpsesphieligiot Choeran dot S5 PNA et ding, Henhe GeiS AQAQ-12 @)
ObnPSYHR b@e&@&'%&épﬁ@ﬁvﬁy tﬁat inGackca®Nohdwvs Qfsubstantlally linear
nonomreri c dyes Q, forma dineric dye.
Costiionshipdwetweendlomvd.ses two i dentical reporter
quorescent nucl eic acid dyes or two reporter

lﬁg&%ﬁsff‘ 1@@%‘?}; 1‘;0|) Zfs,ce é g%h%éxeaﬁc ?ﬁusﬂamnll ?}F Bg‘sgﬁ)'fé &ﬁ?blnatlons A, B,
ngg; |D§Ia(ﬁda1; Iod mibtenifid dyes @OMmd @QGB tfefm ENAmbtindiy&igCombination A
nol ecul e.  Canbi pation C conpri ses one non reporter
DRRUBIISES; P iftsical senowigr JH@“FSS%‘Hr pacleicnaid DRYES poth e greporter
dﬁ%meﬁ@éﬁ?'ﬂﬁ@%ﬁ@ Beil? %gp&f Sifiilaf r&ge&?&poré(ﬁﬁblﬁét I 8SESlbrises one
nuclelc one non-reporter non-fluorescent
nwpommn flebresemnt duclyxe acitbipe mad ionn nen-reporjEri3NA-lwinding molecule.

orter, fl orescent nucl ei ¢ aci nd ope e
[ orhiEtionC SRS ane tenderascg PN Sedas malrple g o reporter
( ’ﬁbﬁiDN-A)blﬁcﬁnQ ?5 20BinsRlatibL NS RE/PHM oRe ﬁafporter ﬂuorescent nucleic
' uorescence intensity versus cycle nunbe (@

P@Gidadypl anflj apgtrionsrepartsr mgnthomesnentaroinenugledc e@ dye mmatlon E

( CBRBBt PR oosft muBiEreRTBRISE sy HE e fporescent non-

12ﬁlclb§3a@1(g@@ph| cal representation of absorbance versus
wavel engt h (nn) or absorption spectra, of
het erodi neri c @ie ACRO-7 in PBS buffer . and of

hdQW36h diigres i1d G- ADRSG. # grAPTpeR Iﬁwwat%mef flupgegcence intensity
prv@x%ﬁy%zflgfn%r ol 9@§811m ﬂéﬁr‘cﬁnl:ﬁ?ﬁg 110 hdhoh&id dye (o),

graphi c representati on of trar or escence
TOTO-1 monomeric dye (A), and TOTO 12 dlmerlc dye (o) (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
(), and of heterodimeric dye AORO-7 in PBS buffer and in the presence of DNA

(+)-

[0038] Figure 13 (FIG. 13) is a graphical representation of arbitrary fluorescence

intensity versus wavelength (nm), or emission spectra, of the heterodimeric dye
13



intensity versus wavel ength (nm, or em ssion spectra,
of the heterodineric dye 13 WO 2006/ 099605

WERADLASBOD6/ 009910 AORO-7, with excitation eiP¢BUSHNG/009910

500 nm (solid, darker line) or at about 560 nm

RO withPiettotion e o SO0 5% 4ol ApleF 1he) b2 RMout 560 nm

r e qg l Y@tel$.| uorescence versus cycle
ngﬁ@g@,?%?%gge aﬁgéﬁ% |ff%%t|on usi ng the

het er odi meri c Fye AORO-7. Figure 14 also includes an .
i 09391 Elga}ml ol (Flepr Eenncledesn a graphigal | preseptetien of relative

? é}lr%‘)ﬁ‘:g{lff{ \Zer ?‘%C\g’%][edblggﬂe? éﬁtgu ot d %g@}1&¥£%§;381ng the heterodimeric

ﬂfwm(mad) -7 ERAeS 4ntado Woludey amdhdet p(hitfall &:g:i)d:sehtatmxi or melting
ative fluorescence change versus te re (O,

Ayure plag Acplaivetlierascrrey sigha @%‘)Suﬁw‘ﬁﬁlipﬁ qrﬁ and B)
using SYBR Green | (solid lines) nonitori ng, of four
[ Bﬂgj?fﬁ%ﬁreué[glfli )}:S)%@* gA%l(’iﬁ?llgﬂ?pSFBSélg%%oa@w 1iYBRs cldve plot, of
r mﬂn‘c%eﬁhﬁc&escemeoéhamgdz acisue térhproatese €160 A) msinigt A0AD-AL (dashed

C.ver m n at 9 r.ther
@es) SRoRdstisEy 310 e Sring SRR G168 7] el grissh e fag of four
Eh@dﬂ@STBP@é) SBY A AW RPT 4I(0), and BINBS $oPp! i cat i ons,
suc nucleic acid detectlon for exanple are

descri bed herein. Such dyes may be dineric
t [004d} Figure dbeiFGadd lwegraphléal BPEeFpRiation wétrehave fluggpscence
bac b gl 0

A EREORHTP o & SRRy o 06y B RRBAO ROl AT, B A0A0 12
of nucleic acids. Dlmsrlc and trimeric nucleic acid
dyes may be useful in varlDES@RHﬁHDN:ati ons, such as

nucl ei c aci d defection, d d ..
3 Frsessiti IS o diap aBF S P BRPEuI RGBS PiCafigps, such as
uﬁﬁcl@if Jcid"ﬂ’ét@c“‘tfbﬁnfor@x% R aftt @sBEbed Rréih SSudtedyfek ik dbe dimeric

herein, as are useful systerrs or kits, that conprise
f lou mmstmfemclcdy e@dcﬁyestfar ﬁ@mrflc),dh&] have e hackgroygd flugsescence in

erﬁl@e{%%@%ggtqgaglc Sl ut%%uear :h}:g; | ﬂu&lggceﬁ{ ﬂlgcﬁl: ﬁfesence of nucleic

apRiAar Didgericandn@infridmicle@N @ HNIFSS 8Ry betl&eﬁlll rihguh@sus applications,
counterpart, unless inplicitly or explicit

uedr &% Bisieie aciddstestiont e PW@Ele asppsetad hqr@mv\Me hogg associated
Egﬁ@rtﬂ gpe%a}atﬁﬁﬁ {1% 'ilsea&yﬂ s%@nt oﬁrgy gf‘&fﬁtns dRSA5d R&eribed herein, as

e poss e ca ates or
alateetisﬁﬁﬂ Isystﬁni; iog kitsl thaticotipzite floopareendyes wagtagener al | y

used i ndi vi dual I y or in conbination wth one

aﬂ(?@it}gaéigi ﬁé?‘«iﬂs éq %/tpgﬁi %FE/) Cvly(tn{gn @ Pue%gi%ésgnootﬁe singular
URHESSHRQR ﬁs%hra@@%uﬁté@hrt 0fnd & Weoid @ppehiriaatif $heplural encompasses

alternatlves is nerel 1 ustratlve not ||mt|n
unﬂseggulampburdemav wiless empllcldwwyxahméy yndsgioond Oéﬁt&tﬁé @therwise.

a:\{;ll‘tilel‘, it w1llSE>e undersL{ t(P filat fc%rtan\yllvI g1ven n&'ﬂbqngﬁtscﬁegggbetd%trem 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
14



figure or nunber presented herein is approximate, and
that any nunerical range 14 WD 2006/ 099605

wEANbABBED6/ 009910 i ncludes the m ni mum nunrbePCEO/0DEEN9910
maxi mum nunber defining the range, whether or not the
term"inclusive" or the |ike appears, unless

i Hstudes theymigimpsagyymber pyd therrarsy BRirgher deBpiag the range, whether

o{)p oW (5E - teM Fihd1QBAA ¥r the 1WMel b sU rlgﬁ’é's§t ﬁgﬁwﬁﬂfabr explicitly
per m ssive, open, or open-ended’ | anguag

enndnmamise&r anyed otlerwisel yi\dlhmmaﬁs; vt will beesndérstbod ethat any

B‘gfléﬁs &’Bgl’? nqréﬂ%ﬁ{% Igga edd g"}p%gtaq%\g%rpyass 1?@555 a%vely permissive to

' ?&%hi&ﬂv&l Mngﬁag‘éxmpbﬁ' fol Béldd&!jelﬁﬁélﬁ@é* QF @&tﬁded to closed-ended
othermnse ely by way of exa I'e, the word

@@gmges msgectwaly snlesmimeicithy isithygenderstoadopysitajed agperwise.
tiall df;ar a3l St »Q
eé%}ggbé' W %Gﬁﬁia’%}ﬁgf @SSW?@?rré)m r eH%eanéry %%d%%ldjggsc Sppyising™,
bebdﬂé&sﬁﬁ ssestidigT @ Natdof ‘@ohdiktirt & - ty{mlengiagadl ng. It
wll be under stood that a correspondi ng gener al
description of these varjous t

c& ML NoHus glerps gif generalby d@%ﬁﬁgs be@g\r Qrarreét hegpia oy facilitate
H@staﬁ’cﬁl&é fiﬁ&fﬁr beLh@Sob& EHEF a cbltreégohhmg (%Eﬂergﬁdescngnon of these

erst 00 at t e general description any
be'hmusrtaynmapplmppd) gomesprading dinghisti¢ pr gmpiryatwhbmamh@ns or forms

Lo Irt?lglsg v%r?oe% tprr}nsg'IQO[h) gﬂg %gér%gl{:rgﬁ)&mhzgtttﬁ? Iggneral descrlptlon of any
t %errfﬂ mb@%ayuﬁsﬂa o of Reaydest Ghlipta nggr@ \@n@wﬁqsmmg 8iad, in a non-

such as in rel atlonto vari ous enbodi nents, for

exgamytleor merespecific mannerglt will alsq be pudersieqd that the terminology used
under st.ood that e esch r

ar?b%il X e(scgﬁtémh ROV n%)e@dlberﬁg,r cﬂ as’sar el%ﬁag on |q|8 n\ﬁlﬁuso Embodlments for

S léﬁilnﬂl@)/ 1sVﬁ’thI1mft91@4 & wite ﬁﬁﬂﬁr |b¥ uridesstdodlr tit eﬁb&lhﬁlenamtbscnbed
e" may be used |nterchangeabl¥ and refer to an

arhemn Prcappbrasions descapebhereiss agobHpNtRgE, p$ Hich M3y Yaig

spectral range of fromabout 250 nmto about 1,200

4604 %Eﬁhgyt’he tt&ﬁlst“%{a " By BBy B Rised ﬁlté%changeably and refer
fl'uor escent non Iuorescent dye, or both.

Gaoe arloln;a,tlctrilrdectlﬂéfr mpableuxﬁrabmrbmg lighein thefpaciral ange of/gom about

| ﬁgﬁ Ons O%BBHWO%)M ]%f%eb \f%l 1% ntﬁlené clled ﬁ?}y r@g‘ﬂg? gﬁuyrescent dye, a

t hgniffloscddi UREESE BHRE GRH&ANN he téﬁﬁ efl§oreStent ’E‘fdﬁére to a dye
capabl e of quenchlng the fluorescence of anot

f |caprblssofeamitting light whien Excitsddy canther Heldrnd ﬁPPFQPﬂ%t& ﬁvavelength

occur via at |least one of the three ways. The first

%8(?4 IGdi Al SRR SGE “ﬁﬂgﬁg&hgg quéteh ”Sre{éﬁggzrg molecule capable of

l'Uor escence”’t eSonance energy trans
( Fesdhéxig thArfhuordsbatre of (aih@bﬁ&) ﬂumsteﬁt mykecyleeFluatescence quenching

Proc. Natl. Acad. Sci 967 erein a ncher
alydp PHIr Vl“h%t lgant o8¢ 6h thel é ‘%gyérﬁbge #WSEI 5@8§ggﬁ‘f’rescmce quenching
us uglfrF Ha Al RBRY PisbRfhR eé’&rgf tfn5ieE [(FR mgn@%ter Ann. Phys.

as to have significant overl ap W t
er(il%)mnmwer,oét ad,, Prdai dfatls Aewd. Sty 19@0)), Mier@mrmuencher absorbs

En%rql?srsmtnohght fargme; fﬂu%lreeslgéntfrlngf%cglsc%ﬂe a lSI(?rB ion peakA of a FRET
quencher usually has to have significant overlap with the emission peak of a
fluorescent dye for the FRET quencher to be an efficient fluorescent quencher. A
FRET quencher is typically a non-fluorescent dye, but can also be a fluorescent dye.

When a quencher is a fluorescent dye, only the absorption property of the dye is
15



FRET quencher is typically a non-fluorescent dye, but
can also be a fluorescent dye. Wen a quencher is a

w0 bwerneseent dye, only the absorption propert yP@f/U$1966/009910
dye is 15 WD 2006/ 099605 PCT/ US2006/ 009910 wutili zed.

d f fl hi
SRR He dresc o Bhorerceaime snCPPE PR CRTARGY BReio ithiced electron
qUERGREI(PET), avhetdif Qﬁé gﬁbr{ch&hxs l qudﬂllo‘ﬁ A %oﬂuﬂ@%ﬂﬁ quenches the

the fluorescence of | uorescent nol ec
t rifpsesepndernd aghiogdseatt mnledude by gramdfercing an |emtrb1y to the electronically

e third e of fluorescence chi ng
P ER AR bt 8 I Eher ifBCHRE RO s doe mufogation, such
f casrﬁtduner foﬂneﬁ@n N h&hBin Oty oNBY Brogly @yé@(ﬁé‘dﬁlﬁ@sar@ﬁﬁ phfsical contact
é [ ggtlwcont act wth one another, there

nbershE dissipaiies teelegronist emetgyemm the yitiraticalal modes

I [ e of
o M NI ——
| démmce]aﬂucﬁrbwnedyfsnbr Oyiseen awo hdifferan fliesedint U?ése Bk between a

f | d fl d
BTN civer Schp 1T GURDG Ol PEBGERT a;‘téfeégﬁgt dypEnd a PET
qlq%@ﬁtﬂﬁf Offeh @%pets)’&eﬁu&fesécehé@ ﬁﬁ%ﬁéﬁl etlﬁ)tﬂlgﬁl L il dded as commonly,

t hough not used as commonly, free
r aegledd Stﬁﬁwﬁg@mdscahmp@nﬂa and Cartaity hewey aheta@opipioes..

[0047] Generally, the term"nucleic acid" refers to

(OB RN e b P it SaifhEinger Biva gasona),

Risihgle- st et DN@O DN AJeldubdd-sivgded RNA@ sRN% Si6 l%'s@randed RNA
aci be natural or synthetic. ner

t ks nd/py ghvrivativasitherael & mickede aci nmy rbe ngtural or synthetlc
"fluorescent nucleic acid dye" refers to a dye

C 00l Sepbralli N 0« | Q

fI'uor escent. b, g’lé’ nt%ﬁ% gl’ﬁ ¢ %égén n%CPe%% gc}h SAJI?I Jor gg @iggent nucleic

naeidedys” acfiers tdyaedyes camblecdl bigdingre fal mml@s aeidtto foFm a fluorescent

F PP LB ARG Y Srereaenbimogrisde Rghede AEmEbymoncprescent
t ef Weaﬁ@nﬂﬁdré%ﬁtsﬁﬁ rifself nb‘ﬁ:tl l%c%nﬁg'l'ﬁ%lr@& mo%cﬁgtlﬁ)%w Iﬁlclem acid

refers to a nuclelc acid-binding
mitjnding: Csaerallpythe dern {'hext -ﬂmreatenbmuclbmcmmbbﬁidug msleeﬁﬂb” refers

Ge I the .te
S0 L0, o AL n ST e g s
f bemes feresdepp Dpdi Mﬂdﬁ@ toonidWic eﬁﬁﬁ%&ie}éﬂyf tﬁé"?en‘he“ﬂﬂorescent

Mrescent non- nucl eic acid dye" refers
f 8¥e efsterginea frmthatibreomes fluokispent tpom bmldmgctOeIHNA Generally,

Gﬁﬁ%ﬁﬁ ke uoﬁ:&%n{ @b nu@@ﬁ:a%clxdj 8§c§’s ?{%E o F?fﬁgpeggel gﬁlye ﬂw goes not

refers to’a I §” hei
nbmldeﬁoc nlaxletld -abidn dﬁm@ral@u tlre gernly €ndrsflucestent) nonGaicledd adid dye”

S uenche requently, a f | uor escence
AT R PG I a8 e tpreocRenOrpitioiGyeH Binding. Such a dye is
fbdtﬁﬁlﬁﬁ@eéﬁlleﬂlyaeﬂu%ﬁ‘&h@é ﬁen%fe Fr@gﬁgntlpegqﬁo%scgﬁfc% uencher is

refers to a fl uorescent uoresce
cwiedrtp Botne s FRETR bair fithed ﬂd@tmbntedye fGemeratigctheaerm “reporter dye”

S
fe@qu Itd a fluorescent dye whose emitted fluorescence contributes to the final detected

fluorescence signal.

[0049] Generally, the term “polymerase chain reaction” or “PCR” refers to a

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

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



[0049] Cenerally, the term "polynmerase chain reaction”

or "PCR'" refers to a technique for anplifying the
wa@ewaneed DNA. Generally, the term "quantitat PUBEDS2006/009910

real- time PCR' or "qPCR' refers to a technique to

npnitor the g i ng anount of DNA 16 WO 2006/ 099605

p@'ﬁﬁ@%%?&ﬁ)%@ﬁno in the course of a PCR [0050] In

general, fluorescent nucleic acid dyes can be

Cl0d36] fi 86herfll FubMBceminREleic héldSBRs dafitiRy Elbsifiet $nt@ého major
m nor  groove- bi nders, General |y, fluorescent

i dlessesainterenlaiorsand @ines erppite-Wndas. Gensaally, dlueresaeni dgtercalators
E[%\rtl'g‘ geﬁ qg&%l%dsté rc?o%gﬁa- t%&’ Ql\ggsog;%dgpgﬁ-ﬁt{/aﬁﬂgn? %%Q;&Sby' {hserting

a nei ghboring base p
giteaielved destwedar € neigibsringbdse paftd Generhlyg minooprogvedisiers are

of doubl e-stranded DNA. There are stil t her dyes,
t Ayes th%})i@ 9dhe BRI AT (gé{oagleﬁtrgnéﬁjl' I{JN%' E‘ﬁ%d%es still other dyes
Rii Hﬁy%@toﬁﬁ&cﬁé?gta(ghb Gid %htﬁ{?gé:fn'oe&, REIMBE Bledtrostatic interaction

positi arge ye an negatively charged
nhetivetic a positively ORGEdd dyet dnduthhnegaiisely ehgrged nfi¢leigraeisle ent
nucl ei c acid dyes have become commercially avail able,

a t.hods for inprovinpg.the dves for. non-.qPCR u
hﬂg)éqféztglﬂu%v%l SHa ﬂgt ﬂg?rles‘?%gl lé‘ilcgelgci%aldst Fnsﬁéfee become
S Wbthakt@allyodval RIR adRhétE&ds fof imprBditictthe dyds| fyx ndii-tPCR uses have
is known as to what structural elenments are required

f beena dgvrdepedg R ally aucleosoyl staing esfer witabler fih gPCR  application.
perf.Qr ..ROI. ' ' r aPCR.: d
CRUPETE B0 AT kil 0 1Yoy s, Geb B i for oo
dyPCRd6) d be thermal |y stable at high tenperature

(from about 60C to about 96C) in a PCR buffer and

YO Y s et bR eeRahs SRS Tl T ALHER shout
T%verli(ﬁE%itéhaD %% nb Wikl ddN T hE TP RhOEIATR, thédhally stable at high

generally being the nost inportant criteria, as in _
t lenpepattires fwam @boas63°(ofo BERti IFICiin iaoPCRt dfeP@Rd hydrolytically

Ceiahlgrb Ao eIgPBEER R 00t 2 o A ATC] e fpamedls becomes
' b . ha.:
C%ﬁ(%ﬁﬁé..rﬂ{e' (?3% {ﬁggl.d %gﬁ%&g tﬁéé' ﬁgﬁ Efgce%, fhid F&%&ﬁﬁﬁ&{iﬁ the most

signal 'i's | be non-Tl uoréscen
olimpoidntetiteyiaf dsuntliesmesttsevare tives abBERdrhibitioDNhe PEIR process may

beconme hi ghly fluqgrescent .in.the presence, of . The
aBebe Y5 SHAL AR omilder Gases, (e e EHReR D04yt %&Y&@e“s‘ﬂ'lwa ery low
b%tyﬁ QH%%%&%(% o e iuﬁ&t, [SUBE Pa tiéS@Ebrbdte ARG iPNmited. The dye
W q ,

such as theexisting instruments previousl
debaulil Bed norFieo@éEnbion diingmaldy flueeesegns ishibal absergpeof DNA, but

littl e or .no _sequence pyeference, fhpor nce e

i REEHTE ?@gh& ﬂsuf’% Cfn %ee p&%ﬁ%ﬁeeg)(%sﬂig%otﬁ% aﬁ%o‘f I edrt yrssion

I baRAbRAgthS ofiBe PO YRGule foeBdnpitiRewith ifstriiyentd aswl inbedhnection

herein may or may not neet one or npre of the e

alitheqRfeR cytichag the existing instruments previously described. The DNA binding
of the dye should have little or no sequence preference. The fluorescence intensity of
the DNA-dye complexes should be linearly related to the amount of DNA present. A
dye described herein may or may not meet one or more of the above-described

criteria.

[0053] A method for designing a fluorescent nucleic acid dye, such as one suitable for

qPCR, for example, is provided. The method comprises covalently linking two or
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criteria. [0053] A nethod for designing a fluorescent

nucl ei c acid dye, such as one suitable for gPCR, for
wex@apd®sps i s provi ded. The net hod conpri ses cOREI/E8100§009910

linking two or 17 WO 2006/ 099605 PCT/ US2006/ 009910

P ERRGT e W Bl BBt S1805 RS gl e ave.
gy ibscriBbi® Redeih, SPhH 1P Eblu!ﬁy A2P 4Rt P r;ﬁ&wﬂlﬁé’fm Hairpin-like
hairpin-1i ke conformation due to intranolecular dimer

f mnfmmajmn dTikite inlzameleenlr dimer @mhmtlnat Tloia habpineliket eonggrmation

S&%ﬁﬁﬂf Iéhse y%ai% fﬂ'}f\\égz? Wﬁtg res\%‘%gtﬁt elecI éé:‘i:ciasg bf m%g;}at%fe of%hteracting

b%ﬁth@l\i@léld 4vads. 1118 belydred e the dyes Odhdh iisolaeh i inhtke presence of
presence  of nucleic acids, also assunes an o

r BFRleimagiskf AEerassusnes i efeat T@ndqERiCoR fosspatiens of ﬁ&teg Fei¢h exists in
auam hﬁé’né@l ad m@pgﬁﬁ@tﬁgﬁhmﬁ%’ Wit e W Wint D nfdthation. The open

hai'r open random c nformatl on or
Staihti&mOéontf&rﬁladyﬂ or stae bf Ve dyd s aatyperith raspeaidb aiucleic acids, or

acids, or capable of.interacti.n r _pi d'.n i th .
GRS ble ST aRtFSng 1 bigdBENY BB 5 Sl CEE yeg fhatvehen;the dye is
t ihethgg I@fgf&%f ah 1ﬁd?edsﬁgr£ﬁ(§in@ f ARAEB tac:1‘é§ a‘i’ité‘élhﬁibﬁuﬁﬁdlﬂﬁ from the

an eq fum shift omthe hairpin state toward
t harpmtsdeatﬁftdwaltdetheopm‘rmedmtto mpsi ataedono rstadAch DA rgnding state,

state ocgur bel i,.eved that .t his «

Bl fud Pl abpr BisBedBRG Bt T 18 T “retease-on-
D i) NV biRIE A HeSHanisnh, e du@Res RPOR finHibilibd ithat hiabtherwise be
may ot herw se be associated with the

c @m@qwé rYCith the Hge.dysea papedenes dee dye rP@ngs?éég SER prpcegses at a
ah%tﬂf éI;H 2t 8" g?? Bl @ik Rt Fc?sgl eanﬁ ethR@ Stﬁil}b b?owde for

OVI greater

dgfeac‘exrlmmes@ ra&idt detettyort barsltmughthant imhwl diherbﬁse be possible. The
possi bl e. The reduction in PCR inhi b|t|on may d
dFesivation: in RieR tiRBibitHEy BRYebs MIrHpRGi @ a@edmcﬁ’éfee&‘? ijyleic aci

sg&%&ﬁd §e§1¥1t1{7@/n%2 bols %ﬁﬁdd ﬁé‘nt_ [0054] A dineric dye

or trineric d SCri erein may posses any nunber
of desirable characteristics. By way of exanple, such
a[QQSd] e yliraicedye batimgerdudye dedogibeddersic nayhpassessany number of

duc relati that of its .mono

C R e st 0By By 1 hiBEgRR s G, b packeround
g?lﬁlﬁfe@&én)ée GRALN RS RAES] trelati®) a6 itial ¥f eRhabtaderid Wgt edodistituents.
acid detection sensitivity. Thus, such a dy

g&q:l:_atlgp]y)loysl:gaglggrgtl@(yﬂuplpﬁpen@hg@wgaé](y q@@@p@n@s glaeéatlvely enhanced
det gl%lt | Q&d che?egzluhh Vée}lé’itlxlgrlgyb ’gﬂ?sr Q¥ }%ﬁw % as%cmted with

escri for e
h%ﬁlizﬁicyd immleliey asidabi¢tectiohaserSKBRy. Guether by ﬁay I df example, a dye

et S e s B AR TR S
t I@ﬁé&l f‘%?lﬂcfug lj’\égw‘ OP%SI éﬂlé‘gt QBS@H[)%% held3® ﬁ}'ﬁkr HAve absorption

|'uor escent nuc aci d dye may have
g ané emiss®mrwnklengths other than those associated with existing qPCR dyes.

[0055] A fluorescent dimeric nucleic acid dye may have the general structure

(Structure 1) set forth directly below.

Structure 1

Qy—— BRIDGE ] Qo
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(Structure 1) set forth directly below. Structure 1 Q1
BRIDGE 2 18 WD 2006/ 099605 PCT/ US2006/ 009910 I n

w®eeoeoesre 1, i ndependently, each dye of dye QCEHDS20dye9910
Qz is selected froma fluorescent nucleic acid dye, a

rescent nu |l ejc acid dye, a fluorescent non-
@1 é{rg&grg i jc:f ﬁ‘giya cagh dye b rdve c@nend e erlSe$eiected from a

aCﬂ@brd%@nt lQilcléiB(i {dyERY, -
manner to encour gge )‘c?ra t%ﬁeﬁéﬁéﬁgﬁ esnc?ae(g a‘gl{rao &t sq%uor%sfem non-
t heucleie agidt dyey aaidreenpe-flipeescot noeastleim acidydyeol;datel Q1 may be

an&alé%%/e% C?)?é é@ geggréﬁ%r?e{d eéxc?qlraéqt. %rg{g&]il?lgrﬁ llglgq;algddgggqrges of the

dynesultmgt dimeric dy¢lOAE $&RNbnd WGE Qifcdﬁcﬂg aﬁMGH e 108 i is a reporter dye.
r orter g e and fluorescent nucléic acid 3’y rbg

rihgfret drastipne dyecof dyesR mrEdym(: ea fosrescont tnyclelc acid dye or a
c h; R tent
oha éltgigtﬁlf]@triééglelr‘?t ﬁl%léeﬁ% a 1]9 cI}Sfﬁ, Ighgnré Sorter ﬁ&e ﬁﬁ@ %Ejlgregcent nucleic acid dye
subs)t bntthalshme fdr ediffident. BRITNGE tmlzgﬂbe tplsitivéigCitlat C{;%attﬁsa relatively

imer formatjon to produce the
9 g%)ﬁg%%] or Supstapiiadly nswirak in; ¢hsrges apdianayi ke asukptangielly flexible
Megdnitaént e
forth direct F%ﬂgg{eg\h/\? tﬁatérﬁlﬁég% ?ém%mémg%ﬂl%g&f dimeric dye.
[005 In Structure 2, independently, each dye of dye
Qu[00 @OTWHUVQHQ@C ingiclegelacidt dye fmaymhavd |thorgae@htstructure
n , -fl uorescent nucleic acid dye,
a%gpﬁggﬁe 1$%n§%eﬂﬁ’ PW acid dye, and a
non-fluorescent non-nucleic acid dyes. QL, @@, and 3
nuruoirs?l ect ed and conbined in a manner to encourage
or to ensure desired praoperties of the resulting
trimeric dy&:i—Ar—teBRIDGEN of dye Ql, dye @, and
dye @ is a reporter |dye. Further, at |east one dye
of dye QlL, dye @@, and dye @B is a fluorescent
nucl eic acid dye or nQg-fluorescent nucleic acid dye.
The reporter dye and fluorescent nucl eic acid dye may

b i b ly
R 47 RiFoctre 2o ir Fapiponny et %fn@y%pp‘i? e 5, nd aye Qs is

s gbisttad iomt b YfIMREHCER! nddlei€ faara
subst ant i al Iay flexible consti ?%'ent%nlng aC| ﬁt pugleic acid dye, a

i AupreesmE Bon-auclgicmsid dysy angd 4 mn-ﬂooreﬁnentjnmemdimc ac1d dyes. Qy, Qz,

[ A fl.uorescent nucleic acid dye
ST AP BRI LS A0S S
f prapbrtis rof ¢lid mSﬂahQ\t\t-lmenc dye. At least one dye of dye Q;, dye Q,, and dye
Qs is a reporter dye. Further, at least one dye of dye Qi, dye Qo, 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 1ntramolecu1ar dimer formation to

produce the trimeric dye.

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

forth directly below.
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19 WO 2006/ 099605 PCT/ US2006/ 009910 Structure 3 QL
BRIDGE @2 Rr [0059] In Structure 3, independently,
we@amb/oghses of dye QL, dye 2, nmay be as descripedusivoven9910
inrelation to Structure 1 and Structure 2; BRI DGE nay
be a substantially aliphatic |inker, as previously
; and Rr may be a reactive group or a
functional group. Merely by way of exanple, QL may be
a fluorescent nugleic i ye _copstituent; 2 nmay be
a fluorescent nu@]eic 4?§%ﬂ%€v constituent; BRI DGE
may be a substantially aIiFhatic I i nker conpri sing
from about 15 to about 150! non- hydrogen atons and up
to one positive charge; arfét Rr may be a reactive group
or a functional group, as described herein. BRI DGE
[ B ' |, ldlye 0, Mkebe as
O o e e e U 8 BeF
BRIsOfkedabpvb i @laiobso Structatd ambbtruciure 2nBRIDGE may be a

taptially f1exibl [ i.nk [ e nlTh .
oS kntHbriphare BRiB.E RrayORD (ERUBREATI BT Bk by paeistish sove
Aor 4 fuRctiGihl Efb%lbt Még1E BRkES PexHHSIB, @ SidPdt afluodscent nucleic

neutrality. The property of substantial neutralit¥
whdid dyé eeristithent; Sbtas bevefleerasceninucieic aid dye senstipugpt RRIDGE

bel ow. Th r.opert. fi. £k LR j

ey BTE gl i RLH o SEpH A bbb 150 non

ng dé?%an bing Bnd iyp & drbgsosie ehhrga) dndRytmay bread teeetivegdroup or a
BRI DGE. This substantial aliphatic nature generally

r &metignal graupeasinscabesiersiBi ty of BRI DGE, or

non-rigidity of BRIDGE. [0061] In Structure 1, BRI DGE

| gREPY:E ently attached to QL and Q. In the case of

dimmeric dyes, BRIDGE may have from about 8 to about

1 §I060p BRID GiEagey ba b snistantiailp fhesibbatink®r mylegsln, havipg no more than

non- hydr.ogen at om about, 12 ..to abqu - . .
h{B¢ Bé% Vea(ﬁlaFgg’. %ﬁDpIE{)‘H?%ﬁ%EPU ngtflﬁ%g%ug{atl 38(9 ?%B%E{lggﬁltly flexible
40nR¢r ABRELIeDThe WnEHEéRYSR BRIDTIE .mdyobe e¥leopl &o dchieve such a
Structure 2, BRIDGE is covalently attached to QL

i .
atithi@d. positive tahargeaayesush a subsiaptial rppaalityBROOEORRALY %%’Staﬂtlal
from about, .15.t 0 - .
amet b VR TS ea DR, SURLRRET @R Belgh AR propert
2Qf bbstaal AUl exiIBtyrie pelvy it yogeiedtoahs substanfialimaligthetic n80re, which
to about 70 non-hydrogen atons or_exanpl e. { 0016211 . i
BRIGbestes negfual naléntigbe anduigy ofe BRIDGF. Thig eg@?ﬁ%'ﬂ 1" aliphatic nature
nycl &1 ify 84818 FoRYrortRicity of BRIDGE, or non-rigidity of BRIDGE.

[0061] In Structure 1, BRIDGE is covalently attached to Q; and Q.. In the case of
dimeric dyes, BRIDGE may have from about 8 to about 150 non-hydrogen atoms,
from about 8 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, Qz 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 150 non-hydrogen atoms, from about 20 to
about 100 non-hydrogen atoms, or from about 30 to about 70 non-hydrogen atoms,

for example.

[0062] BRIDGE may incorporate at least one independent nucleic-acid-binding-
20



WD 2006/ 099605 PCT/ US2006/ 009910 enhanci ng-gr oup
(NABEG. A NABEG is a noiety capable of binding to

W awbe9wos acids in the formof electrostatic, PCT/US2006/009910
hydr ophobi c, or hydrogen-bonding interactions. Merely

by way of exanple NABEG may be selected fr i )
p?lﬂhﬂﬁﬁl}lgﬁ’iﬁ)%éNAng’SoﬁdBIAB% i @smoiesy Cf ﬁg'}{@glg to nucleic

a A do¥n-bonding interactions.
e A
cdpélpalty ovayt bereaahple, moNABEG mawlhegsdim’ndis froompringdrp gamines;
heter%gatoms of hjgh el.ectrone at Vlt

S ST | SHTEREPRBD. SrouBs By, Y4 snups optionally
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powiidtiey éayllgﬁmngwomrlsq@gm‘tqw gdtmaalof high plastnncgativity; and any
erni zed nitrogen groups, are

gr.o
pg?rﬁ'ﬁ]ﬁ%'ﬂ f368il tively charged. Cenerally speaking,

positively charged or partially positively charged
0[6063% Peinfagy) cecotiarynand eértiagcCardings ndd ngnidines e Hysc \gr@ups and
el ectrostatic _interaction, roperty

eRisTEPIee dIF nPOSE e velasesde "ot haﬁhwrtléﬂﬁsﬁ)P%liﬁ%g? charged at

f t cl S.orl er.
ARSFBGER, 1, MGG DAY o phtodmoetabise s, o
c bemnmsnﬂly) ppsitickly ehargdy.eGeferslhe sprakingn positivedy tcharged Py rpartlally

exa i tabl e BRI of. a diyeric d oy a. .
© pPHBFiTE chygS b EOP RS HRD N TP S LTRSSt A s clectiostati
t AL 8, R bbérweth‘ﬁhﬁfagebe EPIdXH iaNe BEvefopmient of h1 hly sensitive
substantially fl'exi ble’and neutral or substantia

nélubreatent innkleic. adi¢ stavss It amg@mrallys ubdeskphlp 4P ype BRIB/GE having

ggg%gllgé tpéﬂf ﬁGEﬁa(’f%?f Sp'&('& 82 & I%ggtgmcgea Féée%ﬂ}{v&{tlon For example, a

C @igdbld BRIDGE ¢Fuchimasic aﬁ@w ] diﬂi@lcgiyattﬂ tley m&erl[t)dnaﬂamﬁompnse no
group, for exanple, such that when it is jn

s @1e thew,ong pogifiye ghpsgs. BRIDH may bp aspbstansially ék@@i %Pékfﬂeutral or
b%&ﬁﬁ% % nefHil! ﬁﬁ{]er Bﬁ %%oﬂtfexte %ﬁﬁgﬂnﬁlallbr rhe"i’ltrﬁﬁtﬁgrefers to slight

i'onalj 1Tn wh conprises at | east
nehirgal By NABEGS ekdmplex BRIDG#0ocoild ebmpadsé i weakihdrgje constituent,

may be generally related tqQ the pK of t
GéH at pypyridine %Pam@r 2 THEAZINE, SEPy > SpRL oy pyhen it is in
gﬁé&ﬁs Egﬁtlo% kall %ﬁio%ﬁ%ﬁﬁi)sﬂﬁ'@ chﬁ‘ﬂgés nﬁz ?tietpré/s%hﬁ/ Further by
way o

rged exanpl e, a suitable basi c
Mﬁ&@f@wmplenaya MV éORilopK]a inwhihBRIDGE @f)mpgge{; at Jagsi@ne neutral

® PNEh e S AR o b EBgeL 995 1 850 T cBgo e pc. o

Hgll RABEGWMegbrally tHeehizhatel pKI ¥ |tie lN&BEG nhepeott Vikely the
in the nucleic acid_d roduced For exanple in_the

cASABEE i ppiesrted anyg éﬁ/ltse@@wlb@m dhateeflnBY FRaY ppsxample, a suitable

fQr 1B} 192& gﬁ)&Byj&g gl%#éemﬁl ﬁ)erap%ﬁ bt Kfou ?tltrl %?tli%’. about 8 or less, or

wher el emportion o rpin
antdolRl &Essf orns a curved portion, as schematically
illustrated in Figure 1. The

[0064] There may be a tendency to form an intramolecular dimer, primarily H-dimer,
which may be a particularly useful property in the nucleic acid dye produced. For
example, in the case of a 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
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21 WO 2006/ 099605 PCT/ US2006/ 009910 phenonenon of

H- di mer formation in connection with certain dyes has
whewsoogescri bed in West, et al., J. Phys. ChePeT/US2006/009910

(1965); Rohatgi, et al., J. Phys. Chem (1966);

R ' :
Pl o Hgdimif Tompeti g ngigh (it sfiin dyes hes been
FRIsBBddOh WesBeri dIL LR PHyS COhah. FYTeRoH#®y, bLal., J. Phys. Chem.
facilitated when RI is a flexible and neutral aqr

s(1866)aRabatel.yet ridu Cihgin. W detir G 10;i apdekhairdneordialy J- Phys.
C r si e . D s
CP 1% BBy SR P fhes WP g when

SBRIDGES id hefleyible ahs aeptralor squdstantiaily Byutvadyhydrocarbon linker,

exanpl e, the absorption spectr nononeri c dye AO
(@irtiamally éomP%ﬁﬁ%?n%%nﬁrerl’épgﬁlé\ﬁAﬁtﬁﬁ}Z?)i c dye, AOA)C/} 7,

that forns an intranol ecular diner, are shown in

gt@HEFHZd' LR GolatiodMmBE e SmeRedrakd byh 1BrdehBlue ARHOOT the dye
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atisorpioncpecpact By wapfof brarhple Hide abspion spegire pba ggpemeric dye

beco si.m | ar once - bi, ndi ng_occur I Mdcat i

(A0 JReRy GBED ERG. halbiih SHRUEL dre AGRDED' W8 forms an
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the 471 nm peak from ACAC 7 diner indicates the

opEAGY dimepfindipaies intiapiotecylar fEdimes fappailomnAhgiakertagon spectra

[ 0066 di ner fornmatjon:.in i )

b 30U, I PREOmEL 1R i, BeRtfc, SREL GG DRI oceurs,
gﬁidgdatiﬁg fﬂlgef if)ﬁbéhiﬂgiup of elghlkdiiphin streaaet Byesaydofiene, dsnshown in
ackground fluorescence, coupled with a,sub tial ..

i Figuesndetherdisappeararceecibe dfdim prek gfpﬁbﬁg’gﬁéi&mef indicates the
d BYirBin! sALSG SRR DIVAtHMEdihE UOr escence

sﬁgﬁgﬁéﬁﬁﬁfsebe}] iSt rrraﬁslﬁibe apprelcila ‘ed by conparing

the fluorescence spectra of a nonomeric acridine

0 {6066} Hiigheer Dva@ptiamih a dfiendsscidbesc hergimmagrkmgwsosipted with two

Qgg%rgenleggst gﬁrg\%’ts | nC%agogﬁ%engfit%flgreg ?cglétimo#le:e?ﬁnes dramatic, in

NMBRQITRAIE fIENESIeHNE colifled GHifieh i sabALIA Indyseiia fluorescence upon
assocl ated with | ower background _fl uorescence and

hiD¥abinding e demaawralgsdty dlargs g0 f@thgﬂgpre[smqﬁgnal. This benefit

I nt ranol ecul.ar . di ner.- ' - -
R BT R AP -5y RERGE SR R
b@rdep 2y, UDMRD f 4ndm ditnetieastidinn eranga dyerAOAQyE, intike absence and
 SreRengcoa DY OGRSyt e ezs Ve to B8 Tonomeric
baalaly fihd _O&iﬁ%ggng@A(f)gr X aPhgocAtde¥aP 18w background
thi's 1's shown in I gure 4, Ich features acridine

ofRnEscdnd®pndhigher fiorescendearpeobinding toddYA-AO is  one
of the earliest known nucl ei c acid-binding dyes and

SR 3o ool EhEAT Rt o BRREL RGP A e s stcin
r ehaAtal %Rl desétitdd herein may be constructed from at least one monomeric dye that
is not normally considered to be very desirable, such as at least one monomeric dye
that has high background fluorescence, for example. An example of this is shown in
Figure 4, which features acridine orange (AO) and a dimer thereof. Although AQO is
one of the earliest known nucleic acid-binding dyes and has desirable wavelengths, it
has not been widely used for nucleic acid detection because of its relatively high
background fluorescence. As demonstrated in Figure 4, relative to the monomeric AO
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background fl uorescence. As denonstrated in Figure 4,
relative to the nononeric AO 22 WO 2006/ 099605

wWEONABBAD6/ 009910 dye, the dinmeric dye AOAO FCTIES2006/009910
much | ower background fluorescence. [0068] FLdiner

for on occur Lntra ecu at
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Sglrr]lgl san bﬂl@f[\%lgeélg?ﬁg ltS%entgllﬁoﬁg? ;l%%‘gg&? @d?le > concentra ion, or the
f Oﬁmﬁﬂrﬂfmm of thediye in¢be pporetintiemeitatenean brekepidgwe peanethough a

wi th anot her maj or, benefi Thi s une ctedb nefit is
¢ hegh eIt ypesonCp g sver 19 inctigee BRGPCROMIT IRkt | y
reducethe inhibitory effect of the dye to PCRin a

9]3&@' ﬁl@xﬁldn@ﬂ‘ abBVe, \Mifér RHAEROE in Usdi@l describeal harein may be
sanpl e of a glven concentration, the flugrescen

sa@naﬂateﬂr with aarfathesr mejos rrenpfija Hie yneXpaciish Pencdials ﬁ’ﬁt H-dimer
e _concentrati

B e SRR P ey Qo) O Bruge retin

Wht JPER GippREfion] Bynahy @f dxﬁmpl\dA-lﬂyailyc doplheRN# sanple of a given

thus, greater, or brighter, flugrescenc
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il%r tdyw JOEC&I'[H[IHQH E V@“ qg e WHRIrARMC By Ivadyl @F dx@mpleXd Migher dye

pplication.” I n"practice,
h@wﬁ!l:ﬁfratl(ﬁi is aEH‘dAlaﬁb,d&\mth hgteateasﬁ@rnmlen o D;nydme gemplgxes, and thus,

32&,@@2&%@%{@; u9rescaenﬁ?,d+\‘;@§ Idg:r% %slﬁgxéaﬂgp O’ﬂ? 6ﬁf° 1§%@ | 8196 would
%ﬁé’l‘l}&%ar@ Vv?ththalﬁﬁf? %ﬁ&%ﬁﬁﬁ)@%ﬁé&ﬁaﬂbﬁ forghgaimar sdiiymwty in a qPCR

Itron of t i fi cati on or PCR process.
t lapplocatioenlinrEraéton, MWmmlthlpéedy@dgatdl}age prev1ous1y used for qPCR

inhibit the DNA amplification process in varying degrees. Typically, a 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 qPCR application than it would be for a

non-qPCR application.
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has usually been nmade to be much | ower for a gPCR
application than it would be for a non-gPCR

wa@ppbioewmds on. 23 WO 2006/ 099605 PCT/ US2006/ 009BADUS2006/009910
[0070] This lowering of dye concentration in gPCR
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?\Iﬁl\soq?fs%@ﬁ} digna®Shat TARWR selerfl GMEE hithed thabrth@fof SY¥BR Gien I, as

ittle"or no PCRinhibition wthin a w de
c cshmem i BiginerD. dmbyjef, A0t 1Rusbowa fittiseornpeRCR inkibitiog methin a wide

€O icentraf (t)n 9arr]1g£,oz{ndat[l11us 05 68 geccji atfaI ﬁ@fx&sc%%génttsaltlgﬂ 3br an increased

fluorescent signal.

[0071] 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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[0071] It is believed that the above-descri bed
substantial lack of PCR inhibition that may be

waz®onymded Wi th dyes described herein, such tP@r/us2006/009910
hi gher dye concentration can be used, may be

expl ai.ned by, a "rel ease: on;demand" .ne nj '
SRty 14y Rpmie e IERER DROVRRR fr 0% Bpf boiBrplifop and an
kngeheYﬁqohﬁ alonfd?ma@dit b@NshodndiiAeFighre 24 WD general, the hairpin
2006/ 099605 PCT/ US2006/ 009910 dye exists in a dynamc i
expoidrivatipw ris benole apora Halde chamahe HnsncERdgRNETematioy and is
an .open ranhdam co rPRti-0n, . N i .
SRR, YA APPSR A DR TN pbtc v
tligRvibREVRARS spesdo widemfshowed isabstantidl ishift wf etfie ndimentspectrum
The dom nance of the hai E{ﬁi n conformati on of the d%ﬁ £ th
i relagiyp pothe daptioyner PRt dPe AR CAMHITBRAN 15 41 Mefiuh orm of the
S Wv@nil%ut?ﬁﬁtcﬁ)ﬁh'c%lnfcﬁﬂl'afibn of oh NR1i¢L #B¢m DPARS 'dY8) capable of DNA
rel"ative to e nmononer spectrum The hairpin
cinding Mathen MNA ispresemdodyievie thoopanafonfamation ehiftase h &NA-bound
the open conforpat.ion |s._an active.form o he d .
CABABTBgh, TR O35 AP b A BB o e g Epprormaton,
L %‘%eﬁi hoBhal H&{fblgﬁhtﬁ)ﬂ' sftaiyﬁ at @ varPhAv BentRstration. In other words,
r e

confadrmation, nore dye in hai rpi n conf ornati on i
sthiefaotity aftthe dpeis tappedimtiei nom:-DNAnbindipg hagrpimeondpyaration and

SRS TR0 R by ER DAL By s

e e dye’is
t HiraRP DNANPrdabnidi THis Yedle43t-dnadehiaad Maddchanian dnakies itqrissible for a
rel eased to the open conformation, Qr the DN%-Ybi Pdi.ng he PCR
f dyento hernsed spa reetively highcapesntiphpn piibewipdyersely; affecting the
"rel ease- ong 3 | kesd 9551 Bb& fAhad -
SpB-EA R LANIEA Y TESARAR A S CRAREL I i« o
wDINYoBindatpy esisietnyatioh fthatt helps tdveer RER effpctbresmcentgagion. of the dye

Unli ke a dye descri bed herein, SY een .l dogs  not
PEbES LS TNEDIBICRRF R COmAGIoREET B HIRDHOEY BeStovier

the effective concentration of the dye and thus shows

a @ﬂrlﬂtecﬂﬁ&ﬁata%ﬁf stafs deRetaNkerBieRare NiaivEIgr simple and can be
erfect.

0072] The nucleic acid stains described
hereparedame desirahle vesls; suehngs ia ameyntsanedsared jin gpanseld teps of grams,
desirabl e scal g,.,such. as i r ' r d fair
¢ Eory e@cﬁglpgeﬁ O & Fair1y r?lg}ne:tgggfrgm ?’g?slé%u%laéﬂfe g?‘i?lssﬁlrléoglta? r‘%)gn&e airly
bafiversail €6€ déte@loni 6f BNA agipdifiostiorhynd orusdalivehi rdugine research

universally for detection o DNAan‘p,Iificgltion ndf8r d

" epplichtensy BiyouR olcesnewien dwRteseEa PREBiciASKATY s ayay ted to detect
exanple, fl uor i ' :

BR e Snp HFABRERCGY DN B € Gy Rt act SR mammer

s uhé tretelaively undversd guenere- sel ective manner, and in a
relatively universal manner. [0073] BRI DGE may have

T R o S DA v
] c[ A4- (CH2) 5-] d[ AS-
Formula 1

-L1-[A"(CHy)o—]o[ AZ-(CHy)p—To[ A>-(CHL),~ [ A*-(CHy)s—a[A-
(CHZ)S“]e
[AS-(CHa)—J{A"-(CH2)q— T A*(CH)o—To[A°~(CHe)~Ti-A ™" Lo

[0074] In Formula 1, each substituent of substituent L; and substituent 1, (each of
which may be referred to as simply “L”) is part of BRIDGE. L is covalently bound to
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(CH2)E ]e [A6-(CH2)~-]f[A7-(CH2)n
]g[As-(CH2)e-] h[ A9- (CH2)ti ]i-A10-12 [0074] In Fornula

wd2006med605ubst i t uent of substituent L1 and sume/UﬂmnG/009910

L2 (each of which may be referred to as si nply "L )

o ouR s iRk s by B SRR ?}/"é\/@u ER8 e iR amd Lo is

t h@v@tnﬂly boumh st theudyptcoastituéef@he d)lys QagtithdtR Ahd tﬁé‘ Cbz that is
bound to the dye constituent of

|
l?fgf (G5 58 el SoRIRG. dpdepeadently, eaghnef Lt Bug adsa moiety
fg&gﬁ&%}‘%%%%% %EIH . E&?ﬁ@%@t&n&ohﬁgﬂgﬁ QeIrPJ)' %)%u% §2 carbons
urqp[tlomﬂm ﬂ(gnp_nmm hioleast @naﬂwtﬂo A®nc salbned fronpNj @n@id S( or an aryl

t het ero atom sel ected from 0

@ 8%t1(g1§1ﬂy 59&%%3182218 B:agtpqr}e §IP\RIQIB Splepte ﬁrg‘mh{\l O and S. The
| eabicriphe hedsecigtedt Orysie! eghed S%H?] N, mg 1
subscripts associated with the ne unlts
n&hdh §, O, €al, (. B, apd 15 may, be th¢ , safpe amd dlfferﬂ’ﬂy daeh t hﬁependently

h dent | i.ndi cating the

S quzir(glcz% ngtdth% s%é 3@&‘1 aatesgc%;l B}é{ﬂe@e l}]ﬁlﬂt%/ang ﬁ)&lqgeqeﬁg orZ@} miteger from
orl fnabout @9edr fré@M tol abdt 3@0 tthe %Qb&rrl b g§§b vﬁlap Hle bracketed

12. The subscripts associated with
pcPPftF(B’ﬁ§f Seropgp dunamely, mknelds e, &g, m and1 Idaybe tHe samg oh different,

i . diff t eac )
" B R B, M B8P e ok agrion of
brfamiméa enid bmng @b 0dhn idieper FOHTU tRatd 2085 Fbnt f"t@alﬁfut 29 or from
:1 r oml to about 20, or from1l t'o about 10
f

‘imto about 5. [0075] A", A2, A3, A4, A5, A6, A7
A8 A9, and A10 may be the same or dlfferent each,

MOERSe ARt | A3 ABEANNBAT A8 A® and A different, each,
nucI ei c- aci’d- bi ndi n -enhanélAnga%r oup zzy,\lAeBtll__a&same or diterent, eac

bizdepbrdsntly bojhg @pmcbttaaduil-bmdng mhlan@ngtgrd@a(NABEG) a branched
| east_ one

SatkS, Pta cgdm yscgp%gltsﬁgﬁ%ieﬁéaox}q lizpéergﬁttcprg ﬁg{eptyd deomp N> O ard S; or at
alleabteatset sdﬂﬁlﬁteﬁ@—&fr%-m@h@@eﬂ%x@céﬁﬁ)nﬁﬂ A\gn%ng%’ léﬁt one hetero

A2 A3 A4, A5, A6 A7, A8
t ﬁ@lm mqﬁ?ﬁiﬁ@@h}ﬂr Psang %tAngtAASné p@SIA | e, Ahax’gend @r'® may be

I d .th tter. case, .
eacﬁlullﬂ? ¢ Bﬁie]gghccéﬁr@? H% APt %?1?1 & 8%3}'1% eli’ﬁrgil or ﬁ%\?}%sf@gﬁlﬂy neutral,
bend dubikt alﬁttetalcahsy, rRect odl the.%h cotitdRals d8dephddhdly, may itself be
neyt may. be selected from noieties
c B‘ﬂﬁtﬁn&fiﬁ%nwaﬂ SHaeh Beinds Mualmwa@letymaa%‘ﬁ@mmy Beselegted from
| BR%dtic? B@m?ﬁ&ﬁg 9t Rh@Bne (B nd i8Ry tﬁ&tgoﬂgb?g?st e sg Qne hgéro atom

and aryl groups optionally co
hef &igh elegransgitidtyect 8y and hayl qgenss, oﬂhhon@lly aﬁﬁlpgism at least one
| east one bon

R EomRel B s BlGEeRl. NEhend i weaf oo comprisng a

hiegft ofit eBbhid Bk ViHay @Jmﬁléeﬁ‘cbngastb%e aﬁ&elrdmatom of high
limted to noieties conprising at | east

electronegativity or S include, but are not limited to mo1etles comprising at least one

namely,

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

[0076] One of A, A%, A%, A*, A°, AS, A7, A, A°, and A'® may be a branching unit
covalently linked to Qs through a branch B’ and a linker L, as shown in the formula

(Formula 2) set forth directly below. .
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am de bond, urethane bond, urea bond, thiourea bond,

et her bond, or thioether bond. [0076] One of Al, A2,
WAN06/AI60A5, A6, A7, A8, A9, and Al0 may be a PCEHOSIW6E9I910

unit covalently linked to @3 through a branch B and

adinker, L, as shown in the formula (Fornmula 2) set
f(ggf%mg%ectly below. . 26 WD 2006/ 099605

PCT/ US2006/ 009910 Formula 2 B 13 @@ [0077] In

Formula 2, T-mdy—be a substituted carbon, a

substituted ni tg'ogen, or an aryl optionally

conprising at ligast one hetero atomselected fromO, N

and S. B has tlhe fornula (Fornmula 3) set forth

directly bel owQsFornul a 3

-(CH2)a' -[A1l- (CH2)R -l1a'[Al2_(CH2)v' - ]b'[A13_(CH2)s

-] T - - I.s..coval ent |

| 6074 40 %Q%Bl%%l ZFgﬁnn%}f %llgbﬁ‘aﬂl e 4&%193“, s%bétﬁute% nﬁgogen, of an aryl

i nked t or nul a

C optbmeatity| oomprisk@cat tleast Sn®hetbir stbinaseRctdd @R M A AL 5. B’ has the
each Al4 may be a neutral or

ug; All, Al2, Al3, and

s deysrudnthosmmla et forth dirgetlebedovici d- bi ndi ng- enhanci ng-
group (NABEG ; a neutral branched al kyl optionally
CPQRLuIgNY at | east one hetero atom selected fromN,
O and S; or at |east one neutral saturated 5- or

6- nenber ed ~(QHgdpt 1-GOHDL ). pAHRICkS)AGy A CRS), funé.

hetero atom selected fromN, 0 an ,- as descri bed

j ly i ti ith h of Al, A2, A3, A4,
00738 Thay (k.. okdiormulach KiapvaenioHipkachiorT ofRermula 2 and A of
S i, @t At it |.e uni,t s
-055UL 8 RRROHALAL N, SRR, TEMUER, Wikt Br a2
diAf'f, anért'} mepbh ainadiesi e debstanyially dewted nogleictdoi-bindmeQnhancing-
t he az&o@gﬁfd met higl ene e%gé}( and, bej ng zerqg or an
i Fto¥g > i gtigh Sranchesialkyleptiongly compesiag sbiqagt eay hetero
Whaiolh Sd16ctéd BokENCD BRI 5! 8P & f%fistFog{eﬁégﬂal?’satmlﬂ'oraé-membered

b', and c', nay be the same or rent, each
i Hdgpptideally gomprlingmel tegst bee bétz® atomnt bedected Sooi A € and S, as

brracket ed portion and bheing,zer an, 4 nieqer  fr L s

¢ SR Pty oA Dot T 573, F Adentieti 9o A3 A A% A%
mayd PE° af Mor@tl COTRY kShsBlpt aRbdHied RAMIthed(CHL) methylene units,
pol ynet h?/l ene unit havin carbon to about 12 carbons

optnelsiaf, §'.dorpd Os immy betthe sames pr differdigs each imtependently indicating
S: or., an ar roup opti onal

o N . | t |
SR e, B G5 o SRR o s
had.oBRREbsdNpt asdtiats with tREBBERS porBbAYS b 1A 3) nam]e_:ly, a, b,

connection with each of the L conponents of Formila
Tl £'esndyt benthe same or different, each independently indicating the size of the

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

[0079] 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 selected 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.
[0080] One of AL, A2 A3 A4, AS, A® A7 A8 A° and AL may be a branching unit
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nolecule is a trimeric nucleic acid stain. [0080] One

of A, A2, A3, A4, As, A6, A7, A8, A9, and Al0 nay be
wa@2@saehi ng unit 27 WO 2006/ 099605 PCT/ US200B¢ 009886009910

covalently linked to a reactive group Rr through a

branch B' and a |inker L3a_as sho [ ,he far
(Purlgnilnlinkeddan reaptive gaqqpe%qtﬁvusé%mmgﬁ Aaf &qw%f- ﬁ‘r as shown
B .. L ; , B and L3 are
d@#?%é%mggRgg%88%%}ﬁhggggéﬂ#ﬁ§§%%ﬁgction wi th Fornul a
2 and Formula 3, with the exception that L3 is
CEotatugd | y bound to Rr. The resulting nolecule may be
a nucleic acidgstain as represented by Structure 3
above. [0082] A dye with a reactive group -Rr can be
used to | abel any of a wide variety of nolecules that
conprise a suitable functional group or are

derivati zed toﬁponprise a suitable functional group.
It is understood that the term "reactive group” can be

used to refer to a "reactive group” o “functional,. ‘
GHOORE InoFermubat, TrB st Fn e GRS et 197 oV B caggection with
used to.ref "L i . PP T ' I

SF 02 T R L5 AFo ARy PR e bl o v e

r eb€lting hpleuhkongy boa rideicgeidyminas epdsented by Soruatubrohabove.
formng group on the substrate nolecule to be | abel ed.

Her e, by way, of conveni enc but nof, l.im.tatiagn, . .
bE}Q&Z} &qﬁeﬁéﬂb? 6???9“8‘?1 SEMR é:aWBF Psxaiétﬁ elpge}llag}y 6’% Awide variety of
r flofichRed tﬁ?ﬁ c@ﬁlgﬁse h 8BR4H1Y Curiliond) p2d\sh ar Mrentdribetiz¥dng comprise a

group on the substrate nolecule w1l generally be
r efimbleckin¢tionak gmupulids hadeastost haptheeins (seagijve grgupt can be used

examl e, a.dye.wth a, reachkiVv r 0[, ' “ ional
oot € i 0ug OER SRl fantl el Cind BB LEGRRY funriona
| Brodp8sfbe uskdnb weRt toon“@hctBredyoup cora ‘Hulxsionat group.” Either term
nol ecul e may confer a nucleic_ acid-detection %539#%&3/&1 bond-

omay tefedypad ath iseme B1aY defst ée12 POBSPHIBE SHHUBAN £
ra (Sarg}til'é%/ grou l84Re g.!}bgtrgtté%n&ﬁ&ﬁé H)Fégi’abglﬁ&uﬂe@rﬁy L4p1o8 %bllg%énience,

rophile nucl eop respectively, th
C it AidMititationyabemi-fdmmiy gréop ondhadyd wilb generally be referred to as a

alternative, the reactiyve roup,.is hot oact j vatabl
QFe Ve E94B e SrboPgABtming exrin btk PR HBlFe Bhcigraly be
u?&'@rrécﬂ td avh %&ﬁioﬁﬁ%@ﬁ?ﬂ/ﬂéﬁij 8) vy BNGL@lpI§iasSdye with a reactive
According to another~alternative, the reactive group

i graupcirémaypionilesrogpaly ayhaveapde iong poditive ehaggn| ugat ed
diene via a Diels- Alder reaction. According to yet

aT(%é?&? Tn %lertle?ard? g(%riljl\l/g%itio%lr}) I &R | VELRERY hdiSuft hay cBARPE nucleic
acid-detection property of the dye on the conjugated substrate molecule. The reactive
group 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 photoactivatable group capable of reacting with a hydrocarbon molecule
upon ultraviolet photoactivation or photolysis. According to another alterpative, the
reactive group is a dienophile capable of reacting with a conjugated diene via a Diels-
Alder reaction. According to yet another alternative, the reactive group is a 1,3-diene
capable 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 a terminal alkyne (the so-called Click chemistry). Merely by way of
28



capabl e of \
reactive group/functional

reacting with a dienophile.
group pairs

Still other
may be sel ect ed

whawediwns St audi nger chem stry or the reacti onPGEUSZE6009910

an azido group and
h t
pcrrteSoserade

r dakbboserdlisiedPbelof uh Thblenal

a term nal

$be M Erebeie Elnd funlitma

gr oups,

alkyne (the so-called

2006/ 099605

and correspondi ng

i nkages are listed belowin Table 1. Table 1:

gtouRs, and corresponding

Examples—of Reactive Goups, Functional G oups, and
Cov e 1:] Bxamples of Reastiyy @QM F@C(@f@hﬁgﬂu@b@m&lmdmkages
G otﬁiﬁﬂ&pﬂﬂmﬁ@i@ov 1iki& cResth_rgd?mleat Birkage
oxam-des—acryam-des—TFhio

o R o Poes aam?; e iey b do
acyt aCﬁ’uln?Ju s am nes Eﬁplsu nes Car hnxaThl‘?_{-ﬂ@fS acyl
hal | “0hal s/ php#BPes/4ndings s acy) Casbaxpmides”
Al dﬁﬁl@ﬂ@h@nols Es} amigeséanilineni t r i | |eGarboxemislss ani | | nes
Car|lsoxldmlidbes  al dehlyAkshastbivesis ani | |i Bsess | M nes
al dekylddéslesr ket onesAldgliisigienels Hydriaszeanes al dehydes
or |lkeyloniees H dr ox | pamhinegannesres al |kydrbdxahiddes
ami|reghydes | | nes al Kyimiass/mames al Kyl| thades des carboxyTic
aci|ciédebrgiegoiskemnky | hEdral@ses Thi ol s Thiyelbgks al Kyl
haliattieBydat exale@ney’ phieR@lrsxyRmifdsS  al[kylimddll fonates
Thi|alig] fdideet her s laddsiyiés/ambilnkPNat € BaT Rakyd 1 ¢ aci ds
Est/engl haidky! sul T onatRsyi £R801 ST MR S ESTers
- an QMQI]]QI@@S al cohol S’t‘}ﬁ&@ﬂOl S EStery Thid ﬁ]@%arl des
am Res] piliatd Nes Car DAXATsffehols &7 V1| Bigld Ues T ofs
Thi QRYER@bRatesAT YT MAFGIES A nes—ar yl*hlo%{h',m IeS
azifmj Iﬁﬁﬁﬂkﬁ'oTS TPk i avids POT 0T keps ; y“”TjnA
bor RETEY s)phen%fé' OS g [IEST anthes
Ca Qgﬁ(ﬂfﬂi&es alcohols/phenols Esters

anhydrides amines/anilines Carboxamides

aryl halides Thiols Thiophenols

aryl halides Amines aryl amines

aziridines Thiols Thioethers

boronates Glycols boronate esters

carboxylic acids amines/anilines Carboxamides

carboxylic acids Alcohols Esters

carboxylic acids Hydrazines Hydrazides

carbodiimides carboxylic acids N-acylureas or anhydrides

diazoalkanes carboxylic acids Esters

_epoxides Thiols Thioethers

haloacetamides Thiols Thioethers

halotriazines amines/anilines Aminotrizaines

halotriazines alcohols/phenols triazinyl ethers

imido esters amines/anilines Amidines

isocyanates amines/anilines Ureas

isocyanates alcohols/phenols Urethanes

isothiocyanates amines/anilines Thioureas

maleimides Thiols Thioethers

phosphoramidites Alcohols phosphite esters

silyl halides Alcohols silyl ethers

sulfonate esters amines/anilines alkyl amines

sulfonate esters Thiols Thioethers

sulfonate esters carboxylic acids Esters

sulfonate esters Alcohols Ethers

sulfonyl halides amines/anilines Sulfonamides

sulfonyl halides phenols/alcohols sulfonate esters
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-carboxylic acids Al cohols Esters -carboxylic acids

Hydr azi nes Hydrazi des carbodii m des carboxylic acids
woem@ephspeas or anhydrides di azoal kanes car borg1/U82006/009910

acids Esters e oxides Thiols Thioethers

hal oacet am des Thiols Thioethers halo 2|

ami*negtivatedesiess, ApiuA r§tp9<g arf, gegqqa\tl%in? e formula —CO0Q,
al cotvdhesy hén@ goed |le&zfmgygr0élphé\a ag ppedniguddpyy (—OCHO),
ani neslfesctinimidylay di nes-OFdbOpandPed), ani es/ drixybsnrgtriazolyl
Ur eag—IiKhEldiE)a farsexampleh oF shpindosy gravpearaipiesy substituted one or
i sot hheetanattyselanionesitlaravingessbSuanspasch annigonfluers, chloro,
Thi ol §yadd)i @@lubRingethyl) 08 Poaibimtidns eberddf; dholesamples phéd ¢ form
est era%tlvétécll hryh @été@e& LELBGEiS abidl dctieitb@b$ a catbotivmidesto form an
eﬁt €rah & Iﬁ&b b rﬁ k kVlo@ORN85—OWINIONAHI, @8R/ K" and R,
Thiol s, ul@% rrﬁe &”GI @.Et &S iR &R?é)ih Ccla@g dfkyl, C;-C

E
o P fﬁf‘(% a suﬂl o idgmapl, or N-

PhencTP%r/P P sul fonat e est ers 29 VO 2006/ 099605
/M@@W%@@l@so repIinge dp SYCEIRIESs  as underst ood in

2@@3}3&%?@%&?'@%%& b g S0t L v g poise,"a tifol, or an
zf%i@f%c}ﬁe readtitlel o@%’xﬁﬁl‘(a? 'b@‘aﬁ%hﬁﬁéire(acwgﬁ suSiPBE sudinimidyl

enzotri az , for exarrpl e; or an
aésyd:rpfty egample, ara thlgll-rea«ylvslgmtp slmhezd; a)mglegmde,m)hzgoacetamlde or

i mes, by el ect.ron dravmn bsti t uent

ni fpeghanethigy Flﬁ%ongm lefl’t f%%ﬁl ur I%fa;nt? g%é%%ea]cﬁ\lfle Eroﬁﬁ such as
Cgﬁ%ﬂﬁt hPRRinobeYy, Ak hyflﬁhd@xﬁﬁ’f@kzﬁnplblsed to fOf m
activated aryl esters’ or a carboxylic acid _act i vat ed

by a carbodiinide to form an anhydrld or

a[m)ﬁd} Ad eeachEodsie gray benRaigRIsd hark © Side )&Brlety of substrate

D

oh peytdey Aeptyiein, 3-Idiptent hylnagyianojaramayticle,or systhetic polymer, a natural
polymer, a biological cell, a virus, a molecule of a solid surface, such as the surface of

a silicon wafer, the surface of a polypropylene substrate or container, or the like, for
example. A molecule to be labeled may be a nucleotide, an oligonucleotide, a peptide,
or a molecule that may interact with a nucleic acid. For example, DNA-binding dyes
have been used to label an oligonucleotide-based probe for qPCR applications.

Shiguro, T., et al, Nucleic Acids Res. 24: 4992-7 (1996).

[0086] AL A2 A3 A% AS AS A7, A%, A’ and A", 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 or
S; and aryl groups optionally comprising at least one hetero atom selected from
halogens, 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
limited to moieties comprising at least one amide bond, urethane bond, urea bond,
thiourea bond, ether bond, or thioether bond. Al A% A% At A°, AS A7 A% A° and
A" may be such that BRIDGE comprises at most one positive charge, or is
substantially neutral, and in the latter case, each of these constituents may itself be
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molecules, Q1, Q2, and Q3, used for the dimeric and trimeric dyes may be selected

from: 1) fluorescent nucleic acid dyes; 2) non-fluorescent, nucleic acid-binding
molecules; 3) fluorescent, non-nucleic acid dyes; and 4) non-fluorescent, non-nucleic
acid dyes. In general, Q1, 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 may be sufficient to provide the useful
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di mer formation may be con
infrared spectroscopy, and ﬂuorescence spectroscopya for example. Any

intramolecular 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 example,

examples of prepared dyes and associated intermediates are listed below in Table 2.
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[0093] While many of the structures shown in Table 2 show one or more iodide
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.
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36 WO 2006/ 099605 PCT/ U82006/ 009910 31 STST-19 1000. 8

NBOS31 &y dineiie 432 RS i aiprpoy Fomics £ HOms e id ave
??ﬁn Al fuorescMil Addieie Acid! @e Ob, (WhéeinNO3 3and\QYQnay Bd the same or
dlfferent When Q; and Q; are the same, the resulting dye is a homodimer, such as
any of Dye Nos. 6-22, 24-26, and 28-36 of Table 2, merely by way of example. When
Q; and Q, 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 to a
homodimer. In either case, both Q; and Q. are reporter dyes, such that upon DNA
binding, they both contribute to the detected fluorescent signal, as schematically
illustrated 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 selected 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, while
the dye 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, et 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

wavelength.

[0096] When a heterodimer comprising Q; and Q, of substantially different spectra is
not a FRET-based dye, either one of Q; and Q,, but not both at the same time, may be
selected as a reporter dye. The other non-reporter dye serves as a partner for the
necessary intramolecular dimer formation and provides additional nucleic 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 dye, a non-
fluorescent nucleic acid-binding molecule Q,, is schematically illustrated in

Combination B of Figure 10.

[0097] A heterodimeric dye may comprise a non-fluorescent nucleic acid-binding
molecule Q; and a fluorescent non-nucleic acid dye Q2. Here, Q; is the reporter dye,
while Q; serves as a DNA anchoring dye and a pairing partner for the necessary
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dBRIEiC ity s B0 fin H’é’lde fois this eswf iheigredjmer 1s schematically
e ! (11151'1 @uﬁaaﬁd & form a FRET V%ur the dye

Al ternatively, E;gtero merlc
dWﬁtﬂleth@shorfer war/dsmmln acts as thei MOmscehwybaojt diw; wﬂlﬂv ¢he dye with the
%Sgtera%alvafengthd Iagtg sl the acceptor or reporter dye. When Q; and Q, are
substantially different in spectra and are not a FRET pair, either one of Q; and Q,, but
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 AO 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, respectively, as shown in Figures 12 and 13. Figure 14 shows a PCR
amplification plot using AORO-7, with the fluorescent non-nucleic rosamine dye
component chosen as the reporter dye by using channel no. 3 on an iCycler IQ
Multiple-Color Real-Time PCR Detection System from Bio-Rad Laboratories

(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 comprise a fluorescent nucleic acid dye Qy, a fluorescent
nucleic acid dye Qs, a fluorescent nucleic acid dye Qs, wherein Q;, Q; ,and Q3 may be
the same or different. For example, Q;, Qs, and Q3 may be the same fluorescent
nucleic acid dye. A trimeric dye may comprise a fluorescent nucleic acid dye Qy, a

fluorescent nucleic acid dye Q,, and a fluorescent non-nucleic acid dye Qs, wherein
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absorption and em ssion spectra. In this case, only
one of the two dyes is selected as a reporter dye.
WO 0@85%96@L and 2 nay forma fl uorescence resoPERUS2006/009910
energy transfer (FRET) pair. In this case, the dye
W_t h &he shorter.  wavel ength_acts gg a_fluorescence

d8nand Qy gerveas PNA anchorggmplechles pad Qs iy repREicicdvenditimeric dye
Py C Fiai

Sk SRSt RN Sk o 0,

alsnflperesenoiuddie acidhardinymoteeelt @ andadhirdfluorescent non-nucleic

sufficiently. Further, discussio f ERET are provid .
o B Whitrel (g o TN aprling DI and 0 is a
Prep6rterNik! . Acad. Sci. (1967). A FRET-based dye al |l ows

for excitation at one wavel ength and re-em ssion of

fl uorescence at a substantially | onger wavel ength.

[ 9303} Fiypesscont peeleic agidrayes, avrptuossssept opckirpeipbigfing molecules,
i a ' t ' t - based
O Boimlely S B b e s (B e, and

t éxmnplesatyierbef, ardughéraldsaibed belpart er dye. The ot her
non-reporter dye serves as a partner for the

cessary i Lramgl cul ar dinmer formation and provides
QQQMMM = UGl id binding ability for the
djo103) Exﬁﬂlflgsr A%‘fyeaXQH&lo?né?fc FdodseERdndBEICC agiie BRVkMhble for

one Tepor dye, a fluorescent nucleic acid dye QL, )
aeisoneingodyes epdntierbuyare mt dismited to)emezyidine dye;|api gsymmetric

aci d- bi.ndi | ecul.e , 1s.sch ti.cal Ly illustrated .

R PR A g DI PGRYID A et b YRR covanine
OV 1618 ¥ tab) WP Hérpeatiate P DA PL Qin€l S @Yivatis | oFi £ Hoechst dye. DAPI and
acid-binding nolecule QL and a fl uorescent

ndfechsic s 2eaenaly gganotbe disetdy attpched to RRIPETHpecapsedihey do not

e 10[.

PR AN S008I0 PRGN FBg 4 ARV ATt o
P6aEE U520 060 80 DIAPT omé rioschst cdyteathali isanoditiedratifieient]yhfer bond
bi,ndi n ane for tgis t,ee of heterodiner s
STORBAEM. S46N 45 Y| addiian o @dedGiVESFRIPABY V3R OECHH M gur e

10. [0098] A heterodinmeric dye nay conprise a
ng@&ﬁéF&@ nucl eic acid dye QL and a non-fluorescent
non-ﬁUc EI% acid dye Q. In such a case, QL is the

r 9304k Merady by avay alpexampley ébe monemprie fluereséent nu¢leic acid dye may

R TR R SPR f Ry vt
schematically illustrated in Conbination D of Figure
1Strudt®0A9] A heterodi meric dye may conprise a

fl uorescent nucleic %d dye QL and a fluorescent

non- nucl ei ¢ aci d 8lye . 11f, QL and 2 have simlar
absor ption @PF7' ' %Qéﬁa, both QL and @ are
reporter dyed? t bou 0 (y1 is bound to the

5 4

6 N
3

110

Rs ¥

[0105] Acridine orange (AO) is an acridine dye that stains dsDNA with green
fluorescence and stains RNA with red fluorescence. Traganos, et al., J. Histochem.
Cytochem. 25(1), 46 (1977). Unlike some other acridine dyes, AO has a high
extinction coefficient (>50,000) and a long absorption wavelength (A,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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nucl ei ¢ acids. The DNA bi nding node for this type of
heterodinmer is schematically illustrated in

w@eowbiovedd on E of Figure 10. When QL and Q2 f open/aSIRET09910

pair, the dye wth the shorter wavelength acts as the

flu nce. do whil.e t.he_.d .t he onger.

ol B R 8 o Gion MAv R B ACHE sl igrn R Gy from
beeﬁ&gdls@ ii@ectighaichid had lay a dod fi®regNuch Bs HPBEUI6F BRIgram/mL
are not a FRET pair, either one of and 2, but %
béftﬂgeafmteﬁémﬁlﬁnéf 10 datectingyupleicsatiin g‘ﬂs sdthgui feﬂ@ﬂﬁlmﬂg step, for

?er@g] mer E%% ‘i‘?)y&elkgst 6@5;“16 ?—‘@g’b 0‘? ﬁ}@g o\;mRNCI% quantification,

Ctpammcu]:ady 6 Ohightyhsenaitiva INOA pdeteetiop a@dmﬁttﬂl wih @pplssitions such as
pe%i at si)o m and 523nm (DNA), respectively, and a

r Skitieed Wi th an absorption peak and an em ssion

peak and at 600nm and ~620nm respectively, as shown

| 006y Wne dc

O e RerkinI5s iy OMRIR S SE R FerReL o subytlucpts gt various
n@ﬁﬂh@ﬂ@ﬂ @i the ring strirpiored foe natorepoieesubsitineniemdats subsitution position

S S Rl 1 e h S o

Bki@ndiﬁ@ hﬂkﬁﬂhﬁ&&f ia@Sthe( Ber &d &Sposiidns hRd Of1 e?ec@ﬂoﬁﬁﬁl'tl’fdrawmg
dye nmay ngrlse a pair, of nononeric dyes sel ected

f ﬁ‘éhﬁli%t atj the Atnosiionitypiealsiedrshifh thel abberptien emchyrwsmdpectra of
t Yﬁ% réj fﬁ?%ﬁy@%s Bf é'gfg?csaf gl@&tr&ijﬂrﬁiluﬁ% %%u 1931%8 buE ere n%l limited to,

nuc ‘elrc acid

dyﬁ aQino grdupy ergslﬁ:@sr}ﬂ grdmp;laﬁl zﬂk@ﬁj groﬁipﬁa@ an azlkylmercgpto group.
uor e rt]t nucl eic acid gré , wherein

Xgmplep e at fyicalflectgpn-ithdrapag gropp rm‘ésk%ﬁar&% arec;not lgpied to, a
a oL, €S/ C
AT D, R e B AR i b Do Sl hif e group, o
dy#roQgroup, an‘dl ubrlogere gtouupuétnglacddammdl dye siQectuenilsel with the core
fl uorescent . nan- nucl wher. ei 39 WO
R GE SRl BaATOS B o GlereS & (oie KBOGEhye as DNA
anchoring nol ecul es and q% is a reporter dye. A

t [0197] Maridie poftfont g SthacRt i P ArdBYwCO¥Bib&E 3n Structure 4, as in
non-fl uorescent nucleic acid-binding nolecule Q1,

nBRIGUS ShesBeRemeric Hge siratigs o onéps«selm«é hegin, aanwmbol of
GRS £30BBhRL RIS fereRib ot B Bl e«

r epbstituent df ¢he fddRd fhbuor esicpat of BREDGE,ao0t (tha@l'yfbpresent where
cl ei ¢ aci d- bi ndi ng nDIecuIe

¢ PRIPGECafEHES o e 1sGmEtuie 18 WYL, el e it ek subituent of the
NerdAkE! Bich 18C idlep ntlf’i’%y Iff?(ﬁnpﬁ Sikyt &g{lﬁéﬁ 1 hiVl é c%ré’)on to 6

further descri bed uorescent” nu acl
[ cmb@}s E)&almgees—ﬁ&,a—m ebsRe FCNprNE(ERO) Ryl GM‘IS(*O)zRg, or —
a&t:‘joﬁQﬁRﬁP argyaz%acent pair of R;s optionally forms a 5- or 6-membered saturated

or unsaturated ring, which further optionally comprises at least one hetero atom

selected from N, O and S; and one of the R;s is —L-R,, as previously described, or one
of the Rys represents where BRIDGE attaches to the structure, in which case, that Ry
is merely representative and not actually a substituent of the monomeric dye. In any
case where R; involves at least one of R4, Rs, R, R7, Rs, Ry, and Ry, any applicable
one of same is independenily H or an alkyl having 1 carbon to 6 carbons, and for any

applicable pair of adjacent R¢ and Ry, independently, R¢ and R; may in combination
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constructing dyes include, but are not limted to, an
acridine dye, an asymetric cyani ne-based nucleic
wW@ei0d/0%%663 N, a phenant hri di ni um dye, a symmet rPCI/US2006/009910
cyani ne nucleic stain, a derivative of DAPI, and a
rivatd ve hst dy.

odhiaY AT Y7 Edheriherb s eietr yshtbateidtie: bR peenall comprises at

bQ@a@U@@Kd@M aﬂﬁn_@élécted)ﬁéﬁﬁﬁﬁnéof eact|ye group for bond
fornation In this context, a derivative refers to a

élr e, .such as DAPI or a Hoechst dye, that is
picaily, Re Brkl) 90 plky! piodlisensd diewagi losarbarush serboys; an aryl

?hgﬁa‘ﬂg %Enéﬂls[x‘%aagﬁa\éﬁfé ?&&Byal?(%l\ﬁnla)\%@é?tgé )@g))légﬂﬁog?%eN OandS; a

mmgml eORl; 11 orSIG 6.6 ANHRUG) el acn d-(f¥©)NHR4; D6 @dpresents where
structure (Structure

PRIEICHY afaeenif tog iy O’ Bty epsp otiec e Svles 2 legsigone of R,
(R, 4R (aBH)KJfM, SyNaplicabld ohd f siie §s b géﬂdeﬁgg Sﬁlxp\%kelh having 1

orange ( I's an cridine dye that stalns
gﬁé@nntqﬁgmﬂ)@m}ence and st a| ns RNA with red
fl uorescence. Traganos, et al. J. H st ochem

OURET B2 R A2 IR B BIR S e reress

(»ﬂﬁr&ﬂmnaﬂattacﬂe@wttaks&@étnfd on vvavel ength (Xabs = 500

nm (DNA bound)). However, the affinity of AO for

nucleic acid is very |ow and the dye has significant

i MK és rm gBioas sedhces pm anioe thpiskilencesPositive eharge(s) associated

Pt e B St Be: Ranmdpebiolie Ay Somertbip Bermealasuitable

mayionenduds)iblit &@Mot lithitedad, 4 hallees kuligs 4 Blﬁ)sﬁﬂﬁefaf hlorate, a
bei ng used in detecting nucleic acid at a | ow | eve

s tfRératlgerabarate; end snhexafveronhgsphate r Megdy b{yovaseﬂ"ampi@le othe anion

[ c acid in gels without a destaining
stqheal ?)%%grdrﬁgfgy&il% Consequently, AOitself is of

little utility for DNA or RNA quantification,
p &KL Ondy loye fofrRhiRyhdnd Remsist irapredohtAwtieiceBRIDGE attaches to the

ass i at h appl.i cations such as real -tinme g
ety bR el oo By rearey et BRIDGE

OEtt&lﬁ@ﬂd the 8RhGuRl AYCLQMbed hPRY tEI@Ifb'i}I?ﬁlag BE blAlently linked to a

structure. The nature of a substituent and its

s gipspineti¢ jasridipesdyte, ench as any such dye described herein, and to another
suitable monomeric dye, to form a dimeric dye, or to two other suitable monomeric
dyes to form a trimeric dye. Generally, only one of R;, R, and R may be optionally —
L-R;, as previously described. A dimeric dye or a trimeric dye may comprise only one

'_'L"Rr.

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

structure (Structure 5) set forth directly below.

Structure 5
Ro

R7ReN N* - NRgR7

Rs

42



may strongly affect the spectral properties of the dye
produced. In general, electron- donating substituents
wW@roobhe9e®s and 6-positions and an el ectron-w tPCr/ES2006009910
substituent at the 9-position typically red-shift the

d e tr,

S O SRR R PehnadS, 8 0O o
nﬁR} Andl Rﬁdpﬂe@entsa wher@ II?I}(I@FEE @twmhesatohkt@l stmcylkregasmmpallya one of Ry
a roup, an an a nerc
aartdylﬁﬂylé gdL-Bf ot presinuglytdeapriReein %glt §a8 %‘gqt&ﬁgeseggwisfﬁgéml)@
”Q&achésm: %}pucttﬁe RO, IO, R? @%él%l:ds'@ reRsh Ky | —CH3, ~NH,, —

p, a carboxam gr oup, a sul fonam de group,
nNHGH3gr—ﬁpr andnG (=20 DNHLH ghan & dloes noXrypraskait whgmaBRHDGQ attaches

tructure f !
AL 5 SRl e
dﬁlgéﬁﬁelﬁtﬁr tik ¢NSrf CREHERYL @nd BHE 2N ANGHS IS g:lréi&ﬁhsl}i fescribed.

as In varil ous other nDnonerlc
sMemiy by eeaypofoxanipts, Gor aiek orir o6 adiBeqns Ry or &733}&%%1, inggpendently,

" elquah@ ﬁ%“?%gﬁ quxclréblt atiogug&?x ?3% r'?tjor ot}.[ﬁ{ ﬁlé)\éré?iy Mft¥ated or

stlﬁéégtr&ggnh at is not part of BRIDGE, or nay represent
where BR attaches to the structure, in vvhich

case, it is not a substituent of  th structure. gp 5,

RIO114h e o mply, (ReoRRmaHc agndifedye: g TRl by Sthucture

havyi G éﬂ'b E%B@éhes to the
&% stlc apgﬁq(%_%) R @%E,E} Og)fé@ér?sggzgler_e i G i

a@tyua@hegaeem mansrm3,Faashdp,t ison@Hb;y aridbr¥fras ansam@t, as previously

6- rrerrbered saturated or unsaturated ring, which

f desembed-opti onal |y conprises at |east one hetero atom

sel ect ed fromN 0 and S; and one of the R's is -L-R,

aTOﬁrSf‘Méi‘ | Yy RS Iof b@EmpN, HPNBmeRé dyeemidScomgpiseserd Sdentical
BRI attaches to the structure, in which caigg

t malnombnc ingridine dyymolsstles ehSiuctyis S BRIDGE of Kpympu
substituent of the nononmeric dye. In any case vvhere
L Nvo I t one of R4, R5, R6, R7, RS, RO,
aftPr uglglgr‘)’/a%inﬁp(ﬁ%gabl e one of same is independently
Hor16aMeatiyby Way iof gxdmplar themamnéericaflnressentangldionacid dye may
any applicable pair of adjacent R6
i rbeeaaemeﬁmtgﬂc QUBNIRF diyeﬁlaﬁalﬁ b %8%?&%&‘%#? (Sfrpcifgs 6) set forth
ngtl g;)g% Om. PCT/ US2006/ 009910 forma 5- or 6-nenbered

ur or unsaturated ring, which optionally
conprises at |east one hetero atom selected fromN
arpiruGurd €108] Typically, R2 is H an al kyl or al kenyl
having 1 carbon &9 6 carbons; an aryl optionally
conpri sing at Fltzeast one tefle atom sel ected from

hal ogens, fan .3 4 §§_ gen; -ORl1; -SRI12;
- NHR13; ?N]:gb— . NoR7represents where
BRI DGE mgt-f aches to the styucture. In any case where R2

i nvol ves at | east one ofeR11PRs R12, R13 and R14, any
applicabl e one of sanme is i ndependent ly Hor al kyI

haﬁﬁi‘ﬁ The general structure (Structure 6, above) of asymmetric cyanine dyes
comprises a heterocyclic ring that is a substituted benzazolium ring; a methane or
polymethine bridge; and a heterocyclic ring that is a substituted pyridinium or
quinolinium ring. The dotted line in the structure represents the atoms necessary to
form one or more fused aromatic ring(s), optionally incorporating one or more

nitrogen(s), which may or may not be quaternized. When the dotted line represents a

43



carbon to 6 carbons. [0109] Typically, R3is H, or an

al kyl having 1 carbon to 6 carbons; or represents
wWob@se9BR DGE attaches to the structure. [0110PCTAUSR0EON9910

anion such as an anion that bal ances positive

e, for le. .LI'" ..
B30 S D 08 e P S RBLS bk rin
amaﬂnd amaiaamzolautngare not limted to, a halide, a
sulfate, a phosphate a perchlorate, ha " Ver el
Iuo oborat and a hexafl uor ophosphat e. rely
bjﬁ) Ig¢ Té%ﬁ‘ﬁl ' iny genesaly GAch RhyRibang 1orqnd theopenzazolium ring,

B T e ——

r

Nﬁlhbwwnw - GIN; M€ Roy e NHHS(RO) Rt B3-QED)NHRs Merely by
sent where BRI.DGE  attaches to the structure. As

ég ?fg%’if“lpé‘?ré%nﬁ of Aty 3R yragayhRe 3 sybgtisiant fhat i rsth fpoXaor to the

mﬁ%()lecmgﬁgénd 'Wherdty the s%Hgt c%ﬂférss %qgas‘?)ég gggci{a e property as

herei n 0 anot her Sul e nonomner i

f dorther déberited beltye In @ny h@setmr@thQﬁ R§ Uinkv 3l € al MR A BRE bE R, Ry,
dyes to forma trineric Generally, only one of
117&%12{3?}@: Re: sd/R bea%ﬁpélﬁ&blfﬂ yne of smnegigdgpeadéntlys isyH; or alkyl

d%@fngtieé%rbd% (i ﬁéa&ﬁq_rgygptﬁfaa%Hco@ﬂtﬁgd%% fﬁ%rogfm(s) or an aryl;

conpri'se only one
exadplny, apflicable NRyTeand: Rag mayi e combinatiyn fame 4 15€ or 6-membered

I
SOPHEASH B mielad ing, i epfonehicraniprisrbRicaRon hetero atom

VG 1ROLH HBBPRQRG LT/ USZOO6/ 009910 [0113] In Structure
5, generally, each Rl, independently, is H or a Cl-C2

aIk |; one of R2 and R3 represents where BRI DGE
&ss mentioned sbpvk; tame et R)Jpan(bRaI dfyStrhee &f mBR beanstbstituent

R, .as ou descrii en R2 does not
Rﬁaﬁ i WG Bt esmBle O et Tty o i o blroperty s
I PMQL mlmd?f grob¥e-bindsif. ekt ﬁﬁl(frr%b{?&—bmgh% niddde ty 1cally has a
NHCH3, - and -C(=O)NH2; when R3 does not represent
m@wéulewmﬁ;e Gescarihghepe it tfite inge the mine graove ef maﬂpuble stranded

f. R6
mpen n?ﬁl\gseé)feacbi% Jpg(&ve&cg‘?lﬁ)we n%?r\%“lelloﬂ Iﬁf’% ‘H’e Tholecule,
amhmh, Hﬂl? mbﬁl‘db Cm&htylralerﬁﬁll’eatledmcld@f Bl akY n¥@Yindfed to, DAPL, a

eﬁ@n‘g@g guéit W%%?/Qm%l nretr%I)sn? dzjin?icaenr;ft ofF\;l(?ln?errouR;?sy%?h%tlsl 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 a 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-yl, a substituted or an
unsubstituted benzimidazol-2-yl, a substituted or an unsubstituted benzothiazol-2-yl, a
substituted or an unsubstituted imidazol-2-yl, a substituted or an unsubstituted oxazol-
2-yl, a substituted or an unsubstituted thiazol-2-yl, a substituted or an unsubstituted N-
methylpyrrolyl-2-aminocarbonyl, a substituted or an unsubstituted N-methylpyrrolyl-
3-carboxamido, a substituted or an unsubstituted 1-methylimidazol-2-carboxamido, a

substituted or an unsubstituted 1-methylimidazol-4-aminocarbonyl, a substituted or an
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R6 or R7 and RL may in conbination forma 5- or

6- nenbered, saturated or unsaturated ring. [0114] In
wor@eesmppl e, the nononeric acridine dye, as PCT/US2006/009910

represented by Structure 5, nmay be such that each Rl

't%gﬁllbssﬁ%tjég ul’rféél Rgaagl?d%ﬁﬁﬁﬁ%fs‘hs aﬁ“h%%&sﬁ%t%yﬁ&ﬁaﬁ rkﬁﬁstftﬁ’ted or an

* Ensubstifuteshpyrazings apd e\ﬂubmﬂltyd oajescmsw@ﬂtut{zcbllriﬂ}nyl A DNA dye

Mer el a dj menic

S B Rt Ss ClysRE R ingf efte e uitst ¥ FosPiienf 8 BgcfBed in Us.
Stpateat Application Publilatich N, 2604/0182846. Asymmetric

cyani ne dyes [0116] Merely by way of exanpl e the

nmononeric fluorescent nucleic acid dye may

ad9k0% (Quecof Ragfidnle’ dyay braviRy 45@6@@%@? épscabp@c@m af R; and Ry’

( w. Structure 6
@#ﬂﬁf’ %‘S‘t%&l %gélﬁ{ﬁ‘% qﬁicq’igfo&ﬁt@&l‘@ NR7 RL R8 R8
[0117] The general structure (Structure 6, above) of
as{leﬂatX i€ selyeted fiendyeand Soiprgesesl,aa k’lgé evieeain X ds lSi ha@s longer
is a substi.tuted _ben ollumrln a met han

B e Frd %\iﬂﬁ%@%wa&ﬂan%f%é@%a Siaitarid gé WibgEsIR fde O
subst ituted pyridiniumor quinoliniumring. The
dgdi22yl R,img bémbhs1 8t EHOL BF Bl %ﬂr@s%ﬁmvﬁeﬂeﬁleBRi@GE attaches to the
necessary to formone or nore fused aromatic ring(s),
optrignzel Merély by mporaftekamplonB: may o meethydior eibybn(s) ,
whi ch may or may not be quaternized. Wien the dotted

| I[&on,E 37 ik S&gg&gﬂ % ré n_é)g’esg\ﬁ%s 20 9911119%9 gp éoﬁ)clg_/ bg§g QIQI%/S 9@ 93%17 methine

abeidps hnd ishyeleced dtdnh 0g1, famﬂezj lepmglly,a dyeabitled lcarger methine bridge
aza- benzole ring. [0118] In Structure 6, in ene(f
e 36K heye fangsp dvap;glengths it »dye 34th 2 @hﬁ)r,tqrnt@ethme bridge. Merely by
Ly l«kyl or al kenyl having 1 carbon

o gq’ggrg%g%lg* ngiaﬁgHgg‘gnl _OR9; - SRI0i -NRL1RI2i -CN.
-NH(C=O) R13; -NHS(=0)2R14i or -C(=0O) NHRL5. Merely by
wd9124ﬂ S@haitpleat;s RnRpfaniRRsaard iRiependentlye sorst@ids. i Opiemally, any

the _benz

X.0 |
et piR ot G SRl By S8 S 87 P Suln 83T, Magely by way
PloPBL4rhple A3, Ry, and Rs may be H.

[0125] In general, independently, each of substituents Rg, Rs, and Rg" may be H; an
alkyl or alkenyl having 1 carbon to 10 carbons, optionally comprising at least one
hetero atom selected from N, O, and S; a halogen; —ORj6; —SR16; —NRysR17; a
substituted or unsubstituted aryl, optionally comprising 1 to 3 hetero atom(s) selected
from halogens, N, O, and S. Rg and Rg’ may in combination form a fused aromatic
ring, which may be further 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 Rg,
Rg, and Rg' involve at least one of Rjs and Rjy;, any applicable one of same,
independently, is H; or alkyl having 1 carbon to 12 carbons, optionally incorporating
1 to 2 nitrogen(s); or an aryl; and any applicable Ry¢ and Ry7 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.
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further described below In any case where Rl or Rl

i nvol ves at | east one of R9, R10, R11l, R12, R13, R14
w@reeRIBP5 any appl i cabl e one of sane, i ndependkeit/Ug2006/609910

H, or alkyl having 1 carbon to 12 carbons, optionally

| ORGP W ahay@press ( f I

agpl |65'|:)ab6l e }I!R%Il) 3 Igv;hegé r%g?glgﬁ az%ﬁ%e?’rg%?{léo%%%lﬁn%q%ﬁya LR,

Gﬁﬁrﬁmmﬂéb’d%mhﬂdat ed or unsaturated ring, which

optionally conprises at |east one het ero atom

SShpgA 98, AL G, bPIA ASURLLENRE oB5KE) (S8 carvons,

t lmptloMIny(mnq)rfsingl ameay] aideat teasi dslﬁﬂle@er@ aRRE Eélb’cté@frbfheN O, and S;
auch d sirable property is  DNA m
g@é& l%tF ar wesu ?iltmeﬁafyl QPB%%LYMOHWﬁ@gMO@c@t@O atom(s) selected
t a ugctun
{IRERALEIRS, O a8) SoF o ST FRCEPla TR Rlent where
BEBRIP(ESattefches e stirunture.gr oove- bi ndi ng dye nol ecul e or
non-dye nol ecul e, which may include a natural
i nclude, but are not limted to, DAPI, a
ﬁ@ibﬁ ffAe anb‘?ns?%lﬂ’i‘?&oﬂsﬁide%’( g and any of
nunmer ous synthetic mnor groove- binders based on
PP RONCHES oRd h Y
T o (AR B0 R A0y REEp Y et AIBIEE attaches to

2 Ogs5 sizgidre. &sgéers,cnbd:d ehbrem ABRID- A ey ResalentBy? lmﬁ ]Ihe monomeric

(2004
b S blafo sy e S 6 ad aigher SHABE TBhGISFc e o Torm'a dimeric dye,

JbP heandhdiAGic é@nﬁﬂ@h@ é%dlﬂnecdﬁaélﬁC{waother suitable monomeric dyes to
net a- substituti on of nbered ring with a

mf<m:rr a gnowedym teeeralplyaly oneolt R, Bh', R, R-naldRliemay bptionally be —

bstituted o ubsti t ut ed
Lo ss porois deshtingh MpR biral, & iniclicBiee: § HBHC dye may
b@&ﬁpméj@}ﬁan@_ElR a substituted or an unsubstituted
benzot hi azol - 2-yl , substituted or an unsubstituted
i m dazol -2-yl, a substltut ed or an unsubstituted
o X0130] Mezelwby vEaYsQfample, e agmmeirigieyenise dyemey have the structure

SRR g T AR oS B APt T R R s as

u ﬁdvhﬁlklytdb%@%dﬁqﬁﬁbﬁhélcﬁdﬁ Gvﬂh)dtruc{ﬁr&éf boxam do, a
subst ituted or an unsubstituted

1- met hyl i m dazol - 2- carboxam do, a substituted or an
uRbLeIS{ yt ed 1- net hyl i mi dazol - 4- ani nocar bonyl , a
substituted or an 44 WO 2006/ 099605 PCT/ US2006/ 009910
unsubstituted phenyly a sypstjtuted or an

unsubsti t ut ed r\ﬂy|H aHs ituted or an
unsubsti t ut eg/ﬂgﬁi J:)q 1d NaRsubstituted or an
unsubstitut 8d tTi |nyI dye may be

met a- substituted by a mindér gfoove-binder substituent

as described in U S. Patent Application Publication
NB’ ibBa/msqm@mql@ in@ysymeetﬁﬁ cRaninh dyREs rcmysewd by Structure

r e’pr ? HC%rtE Ié?llégl %éﬁéﬂg I{aglqgh]ecaﬁ%@t quaébons a¥lalogen

—ORy; SRlo, —NR11R12; —CN; —NH(C—O)R13, —NHS(=0);R14; —C(=O)NHR;3;

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 Ro, Rig, Ri1, Riz, Ri3, Ris and Rys, any said one of Re, Rig, Ri1, Ri2, Ris,
Ris and Ris, independently, is H or alkyl having 1 carbon to 12 carbons, optionally
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[0121] X is selected fromO and S. In general, a dye
wherein X is S has | onger absorption and em ssion

woroelhewes hs than a simlar dye wherein X i s CGCT/0308¢/009910
R2 may be nmethyl or ethyl, or nmay represent wherei n

PRt g eb T SR LR s
SbkhBR[zl Iﬁh}tr hlh écﬁﬁlbﬁbistﬁgi Pra a{jﬁl—l’ﬂleﬁ mlafnbdmgb?z&uﬂamdcbrumsatsrated ring,
in_any nethine bridge an

Wb panty, CompIses oy ¢4t and BricrorecorB SHerHES Bty gind Lk may be
n%%iﬁﬁt%c?ﬂ ﬁrO VXBH %'h@agrf Bﬁ%BQ Peded ¥1%ni"0 11 aftd ONRE hfa"y be H alkyl or

y way of example, n nay
oalk&nyl[tﬁﬂzﬁ\g]l ﬁmlbm ﬁot]l(Dtaarh(ms RiptioRdl]y amprﬁie&ngateleast one hetero atom

[ nde entI H or ti
p% gct Qf? rpﬁleg%cwggtq gﬁa&)ﬁ n@%l?’o r%\IR]g'gn, a su{)stltuted or an

gﬁﬁg’% g‘i‘g ophBiBlyY coipd@Xe Dfto ezamé@, afdt(s)R4elected from
RS may b [ 0125] In general I ndependent |y,

eha:lbg@fs e authSnDs IaeRr, ma prexinusizgdesqrifeds r pnayafepresent where

Wt’ﬁ% # ?ICE%% t|h‘2 %ﬁl 1}122;@%%&21%1%2][ glfzgi?aﬁ? having 1 carbon to

seb efbeds, dpeichdily &)m@ﬁ@h n aryhahdgicleast @h@tero Seibselected from
-NR16R17; a substltute unsubstituted ary

o Pt iQoraad |Sy a gubityted ﬁrganlurtsgbgltﬁt@gi arg oap@}?(l]g) cogégr]ég][ge]dto 3 hetero
S
,P%n(?,)a%e?%n forf)ﬁl1 lézﬁ?% XA %ﬁ%{i’q}r RY§. Rrr,ma)é \M%Jré’vmusl};/ d%scnbed or

f i dytepreSdnip thteu’BRH)GE tatlaeﬂaek tm’&(e sbructuredﬁpmayémﬂ{wlk)ﬂy)r alkenyl
Cl-C2 al kyl al kox gy{narca or, a
h&regsd. Ca{hﬁ)na{ﬁ}og Qns, QP a&]p{ CQWHS’F‘ Bk le asthgP th.&heao pjgm selected
[ agt nd 7, i £ atth
oﬁl\éﬁg;{\?s ch § g%lg%%%gn% ?I SSE& or a 1&} réhaaf?”@ngsﬁtuted o
c ankxmstmmedl zrsda ropﬂnsallyo coinprising y1 i tacdr b@iﬁ@t iatagn(s)L selgcted from

RESIOBEGS. 1, Qoft] Rach o Horprd dusp BBk con Ty Wfesent where
Séﬁmmﬁ? gtt&heélfbsﬂﬁk Whaed. RiNbay VOIS RGP eMk8hylthaving 1 carbon to

conprises at |east one hetero at om sél ected from N
and oaxboss, iMDugine e PO sBIysCoRETsig2 s vogditero e sjleqtgd from N,

Rb it et ToER Ok Pt GETgUac¥ct PR DS upsbstituted
' sclr%e&[ﬁfotnﬁﬁ! 61ﬁﬁ?1§'|ng 2o 8lnkpsko Bonité)eiyled feom hglogens, N, O, and S.

carbon to 1 carbons, optionally conprising an aryI
arRy atd Reamay a;meombm@tl@n foronre Sesascarennatie gigNwhich gy be further

AR 1.5, BRI 8 8 Yoy, 1.2
haa'll@?x?n@&aptu 010a hﬁﬁgens Fof an}l'—ﬁ'é RA%r R 'el’%h@ébiﬂlphses at least one of Ry

or may represent where BRI DGE attaches to
t hed Ry, a0y vaid. onE: ©f Rg{ anidFR1; sheagpfaindependertlys meayi keud] glkyl having 1

des
car rolnbtgdu carbons optionally incorporating 1 to 2 nitrogen(s) or an aryl. For any

R, Rs, and Rq' that comprises Ry and Ry7, Ry and Ry7 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 Ri’, Rs, Ry and Rg
represents where BRIDGE attaches to the structure. Generally, only one of Ry', Re, Ry
and Rg may optionally be —L-R;, as previously described. ‘¥ is an anion, as previously

described.
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[0129] Only one of RL, RI', R6, R7 and R8 nust
represent where BRIDCGE attaches to the structure. As
walemenidsesl herein, BRI DGE may coval ently |ink BEEUS2006/009910
nononeri c asynnetric cyanine dye and anot her suitable
I
"‘gﬂ‘%ﬁ@ ?gQXﬁrﬁr@ dd@gﬁ JE@E a‘ﬁbﬁ g hsag Itltlet %ﬁ]cﬂﬂé‘ PSR dnfre 8) set
mﬁaslttrrﬂmctlyd)edaw,t wheréern eptasems wherd BRIDGEnataghdsyto the structure
onLg one of Rl, Rl', R6,, R7.and R8 may optionally be -
i ap pBipnotprg vigedk dessEled-vor e typical ly, a
dinmeric dye or a trineric dye may conprise only one
- ke Rburd §130] Merely by way of exanple, an asymetric
cyantne dye may have the structure (Structure 7) set
forth directly below, wherein each of R', R6, R7, R8
and R8' is as previously described in connection wth

Strucypzur | Structure 7 CHSTHR6 \ H H H I
( N -7 - R 110-_ R8 R8 [0131] By way of

exanysl e, e asymmetric cyani ne dye, as represented by

Structure~7, may be such that Rl' is H, alkyl or

al kenyl having 1 carbon to 6 carbons; a hal ogen;

@ﬁ?ﬂ] NEREE by NVé}l R¥2sxanfphé, a %&@&3mayl\ltﬁp1@):2wlldenﬁcal

C( =0 NHR15; substituent associated with m no

gm@rzmmemcn@ﬁyngnet@ra cypnire | dygs mefecpiesy el PIyeEs |8oéad BRIDGE of
E‘ﬁ stnere BRI DGE attaches to the structure.

Fur €r,” when R1' conprises at |east one of R9, RI10,

R11, R12 R13, R14 and R15, any said one of R9, R o

R10134E|2Mere]‘yﬂiy waRbd erardplR1i, a ﬂndmp@md pwdleig acidsdyd, such as that of

2 URF1I50b08T LA RIRASER BoST1 FHBGIBEr ey e iGeyine dye,

n'sﬁélPQ@ ) of ‘ytru%ﬁu@r plg, RPExARBR, Rhd aeMIRi 8RS chistituent is an
and 1 and R12 may in conbination forma 5- or

Gaaﬁnmetrmor;yamc wlyest such o$ ammgbsmqw@@l 6r8, digf, exapples 13 sum of a, b, ¢,

£ Bof R ot 19 BRIPGE sicBScmESon 8 Fhfafly S RALR may be
mgyea@& 1688 Gatebrfak (Péﬁls@onelof ahda2. ARG ‘may, A8 A, AR ] and A" of

or_ _ al kenyl havi ﬁg carbon to 10 carbons, optl onal | y

c dﬁﬁs‘ﬂ%ﬁ’ﬁg%@s BRH3GE 9 donmblerle fosteaamples may bec NABH«Q\Fompnsmg
S &b‘g‘?%ﬁ hggc%rﬁlng%g Nt 1625 borl%%age N&Q:Bﬁl{)ns@s at least one amide

bond, urethane bond, urea bond, or thiourea bond; or an aryl optionally comprising at

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

Phenanthridinium dves

[0135] 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.

Structure 9

2 \ 2
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unsubstituted aryl, optionally conprising 1 to 3
hetero aton(s) selected from halogens, N, 0, and S
W@er0064099805 as previ ously described; or nay reprBSENS2006/009910
where BRIDGE attaches to the structure. R7 may be H;
y I, t o
of 3518 EheSEETR, IR Aebréechf AR, IRITIOR RIS Lo the gtructure,
aﬂdmugh Iltewﬂbble ﬁndmstodkﬂ thet manyl vayiations @rﬁ§ttnumreea abqwearne possible

e S o503 DL R i R
aﬁla%égbf 1@&‘%ryth@ea$ﬁéﬁrﬁéﬂ of BRIDVGY tb QEH s iire WRkvere or that may
attaches to the structure. R8 may be H, al kyl )
omodifly ehwd;truchav tprovidear dysrwitly anypot eariswa desiepble waredlgngths. ¥ is
conpr.i sin t one hetero atomselected fromN,
041 ARig.ES e‘ﬂ%‘ﬁi’gé cribi¥R16: - SR16i - NRLGRL7; or a
substituted or an unsubstituted ar yl, optionally

CRTIBV] My byt \Qa}3 oP@ia@ﬁ;ﬂe &m%ﬁﬂoﬁ@i&ﬂ&%tM1Mum dye molecules
hal ogens, Kl 0, dS; or -L-R_as previousl

deBSiriesew:; mrcomnaﬂ@p rateRRINRE o Formylpma Pgarelimege dve.

the structure. R8'" nmay be H, al kyl or al kenyl having 1
c ' t
CORBT Ry Y L B BEm Py KO AL PRA G ncllc a¢id dye may
0 be an@dnfhenadériatigeHavingRhé genesiistructuNRIBRLTre 30) set forth directly
substituted or an unsubstituted aryl, optionally
M-sing 1 to 3 hetero aton(s) selected from
hal ogens, N, O, and S. R8 and R8 may in conbination
f Qi ie@rd Hped aromatic ring, which may be further
substituted 1 to 4 _tine(s i ndependently, by Cl-C2
al kyl, Cl-C2 al kox{3 C1-C73 al F‘yl mercapto, or a
hal ogen. FoiR1BaY~ R TN 1Bmat conprises at
| east one of RI16 any saig one of R16 and R17
t hereof, i ndeprjrde gy by' H al kyl having 1
carbon to 12 car bons, /Optl onally incorporating 1 to 2
ni trogen(s) or an aryl For any RG, R8 and R8' that

c i s. R16 ..and 7. Rl i . ]
c imb:l Zteeil"(aHl ca'118}nr%a]51%har%ei,d6 )é’il’lﬁlde ng:h?e {i\&%?@%lﬂldl’EO nuclelc ac1ds.
URSAL RIS Dyrbhid Y ‘Mi'%kbhqplt IRGNRY'| ahdq{)!r@fel B&Bylaind ReRst Ry, Ry,
one hetero atom sel ected from N and O. Only one

of
thd Reére RyisankndRen flnesseent PNA hitsking ¢y thethas l@eggﬁggd for DNA
Sinfig, % ?Waa}n&@ri?r A L%ér 'Xnﬁnﬁzo%izerﬁletO(ij 17ft696). A dye

previ ou
d%@fngttﬁéj endrall skeRfbnadho®/, 1n&m¢nﬁw |10 uibbve 1sctﬁ@ectedbadhave similar

47 WO 2006/ 099605 PCT/ US2006/ 009910 5{) | n g{;e 1
exvamisiceacid painiggpiopenties aydin HOvHl é’thf“’ci cent cglors, For example,

(S%rr&ﬁﬁ qlag) %sgﬁét%éEﬂlaghﬁlﬁﬁtaltyﬂ%ﬁhﬁ%d whedRis§ioRmaximum at

resen svvhere attaches to e structure and
W3isSnapnprnidiig a gl firoeescentsiojordescri bed. Structure 8

qi
[0140] Merely by way of example, in general, each of Ri, Ry, 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 Ry and the pair Ri' and Ry’ may in
combination form a 5- or 6-membered ring, optionally comprising one hetero atom

selected from N and O. Ry and R;" may be the same and Rz and Ro" may be the same.

49



CHBHH H_C~ _ ~NR S [0133] Merely by way of
exanple, a dineric dye may conprise two identical

worRmwenes)T asynmetri c cyani ne dye nol ecul es of PCT/US2006/009910

Structure 8 and BRIDGE of Fornmula 5. [0134] Merely by
, pl Npa escent nucleic acj ,
o (0K 20 SHATP R Rk RS e e HfIDIOHS ot o the
dysEru6Rs Optiv@slly, iofic 8NRARYREL £dCR £ ¥%AN-RE i
any of St rpElcturyes? %-8,P?%?nganpl%,%ﬁ’?ﬂ%ﬁwuglggd%&ﬁmd'

constituent is an asymetric cyani ne dye, such as any
of[0B42] Mewheby 88, of esampleaRpl Ry, Ry, sudiRaf, imlepbndently, iay be H or

. i of BRI , h BRI DGE of F |
R G Bt B e B OS5 TRl s
| ' : . A4 Bni 8. AGm A nd .
PGB0 S AR Een Rt Rl g Ry oy 46 R Wi R ana

extapfplag, innmyntigation NABEG M@i{’ﬁ?ﬂ&inﬂﬁere(ﬁriﬂg,i Whiththaf be saturated or
conprises at | east one bond |inkage that conprises at
I

dRsytugied, subsutedpspgsubstibiethne bond, urea bond, or

t hi ourea bond; or an aryl optionally conprising at

I I s .
LS00 DBl et LB GREaS Ry R na i
exeavpive graupe asiprevivesly defdribedpsceptesents e BRIMIGH M taches to the
ma be a phenant hri di ni um derivative, having the

géﬁ%?tgfe' structure (Structure 9) set forth directly

bel ow. Structure 9 HZN rR -N NH2 48 WD 2006/ 099605

@M@é%?%g%@ 8PR0 R RISW, 4 ASH Cﬁ%:resgﬁt \gFétfﬁ %P@ﬁe Riaches to

P

wher e attaches to the structure,

withe stistwierder st ood that many variations of Structure 9
above are possible and contenplated herein, via a

. Vagd of techni ques, such as synthesis techniques
tiﬂ‘?ﬁit‘fasﬁ %V PreN i as ?ISP’IOPﬁg dgf"triga'ment of BRIDGE to the
structure el sewhere or that may nodify the structure

t QOIH6P TiveemanoerivkAdthaiRYdye fmMasul QUSE Stekif2R08n combingtion with
wavel e%}; "Pis an anion, as previously descri bed.

[ BRIPG riufn S way form edapgicedyet wo nononeri c

phenant hri di ni um dye nol ecules of Structure 9 in

gfmr?é!r’ilj‘ ?ﬂééjgm‘@nbfﬁegﬂ t%‘xz'es%nt':ﬁﬁéfal gcié ﬁ?ﬁ{ls,f I & DAPI, DIP], a
Hoechst dye, LDS 751, hydroxystilbamidine, a styryl dye, a 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 nucleic acid dyes may be suitable
for use or may be derivatized to be suitable for use as described herein. The dyes may
either be directly conjugated to BRIDGE or be derivatized so that they can be
conjugated to BRIDGE using synthesis knowledge.

[0148] Non-Fluorescent Nucleid Acid Dyes

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

as fluorescent nucleic acid dyes. Non-fluorescent nucleic acid-binding molecules
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[0138] Merely by way of exanple, the nononeric

fluorescent nucleic acid dye nmay be a xant hene
wa@lensvededye, havi ng the general structure (StrRCT/USE06/009910

10) set forth directly below Structure 10 R3 R3' Rl

e Ao rne i sl nelER Rty S eess symgbsti or natural

t cnuclead mldbardmgmoleﬁdes exanpl e, pyronin Y, in which

Rl, R2, Rl', and R2' are nethyl and R3, R3', R4, R4

omn qu cent |nd|n
t ﬂg}ﬁn (,Jé nglg]@ﬁr %fsrg)& t? yg@ ia@( haqep”u,qg? asmq)rﬁnetgc nucleic acid
angt] RdmIERSTaBYe toVhe fNBRkcenBRRABR Mci P40 othidihAl BR8N f@ése non-
dye havi ng the general skeleton shown in Structure”’ )
HYipeescent ég/B% é’@"@ﬁy theveh Hméh é¢\m11 detectinn sbmsitivigye but are considered to

f
Stlféor Té}gt'gptfsg,g%% es,a ? t\ao%%ty aﬁre iHBeS hy g{ues Cse nftor example.
ndsxampmsatf oA Fhivraaosht aaclem a%‘ﬁd-&ﬁidﬂ%ﬂg@lj gacﬁilsg ﬁ?@ﬂé"ﬁot limited to,
rely

Y red fl uorescent col or
m&‘& f‘og &ﬁiﬁt@ VioletgMethygne Bbléthronm Mﬁbyl fireen, Bﬂac Blue 66,
I ive
aicsic REGSRAATR Hiue Shbtay O 1iths BheGs, REARRY Gpg gjins-An
sAdkinsgdt fk,omall &ndhe@z 280r 1h e199ﬂ)3 rMbst dﬁ)th&&ﬁ)dy@é are alxzﬁllable from
l.e | nd enden | east _one of the pair
Z)r@g%?‘ gh‘éfmccﬁ ?J‘HP‘?HYR&Y Qﬁgwmkee ISGORSIN} o nbi nat i on
forma 5- or 6-nenbered ring, optlonally conpri sing

orRudiedcehihoatidleiSflieai®d from N and 0. Rl and R1" may
be the same and R2 and R2' % be the sane. 49 WO

1@@@0@ thc:muaszme/d@@@@ 2 [aodﬂs]m@nbe offluRfescdR® non-nucleic

g wh BRI aches to
R e S .
i Smelbrcqud aﬁesmre‘éb@sﬂ@dryd ﬁﬁ&fe%e‘ﬂe don- nﬁ&éﬂ:ﬂad\/&iéﬁ' YieR¥n, the term
%ﬁ of exanp R3', R4, and R4', independently,

ugresqgnt, lnon—@gclgg aCilCh are;: gwrallén @q:rs tq:q;gt fiygrescemqdyen tiat is not
RéhordiBYy anééib‘?%cﬁ glnﬁucl%]lg depe Ff}gzggn\alag ?}aa%pl &%nge may not

t he pai’r e pal
amdrtﬁully, tendoh$iderpdi & Bdo@mscknt Rﬁmdif&grdd?eitﬁl[ﬂ&r nat | DNfluorescent

nb whj ch may be saturated
S P S B0 BB e s
Ady&s maflexbibittddnd we intbraBlions"OfA SubleiSad@dCnést dnteractions are

aliphatic linker and Rr is a reactive group, as
peenargisnet syEficdent beeruse signdpanisiiurresonheer spe @RIl DiEhges to make the

a‘d&&%gﬁll ) ntu'a%lc 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 include, but are not limited to, a fluorescein dye, a sulfonated
fluorescein dye, a rhodamine dye, a sulfonated rhodamine dye, a cyanine dye, a
sulfonated cyanine dye, a coumarine dye, a 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 Ry, as previously described. A suitable fluorescent
non-nucleic acid dyes may be derived such that it comprises a reactive group R,. A
suitable reactive dye is covalently attached to BRIDGE via R; and a suitable
functional group from BRIDGE.
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structure. [0144] Only one of Rl, R2, Rl', R2' and A
may represent where BRI DGE attaches to the structure.
WO O4H3960¥ i s an ani on, as previously descri bedPCT/032064/009910
Two nononeri c xant hene dye nol ecul es of Structure 10
I Nfog 8 pes F
di [(ngr?igsﬂséedogrb&% 14 ?ta&%r n%ér%%hg&lq %¢1?ﬁ0%0£§g%{nal¥u€qp§pd on the

acotherspaiing mmunhrlasiya@?ld,ye@l Iﬁlgenaral Hoqgtable filyResckiSion-nucleic
gdine a sty e, a _merocyani ne

751 dr ox til

dy¥id g}’ ‘)3 061?1 %ﬂi latsﬁlaei@?‘dar wthtﬁ)e Rakyingfdye or dyes.
eXﬁEﬁh@lecﬁlﬁ}/ dﬁﬁerSthﬁé%RJ Eis tical

derivati zed to be sui tzgllbS ﬁ?m Eﬁ%dg&lgggg%g 51%nlgcant change in the
he'ﬂ}béﬁli@tloll-lép@tanOf R Ieusy Oné-bﬁdbmompohelﬁlmmoamerdyes 1n an aqueous

Products, .9th edi
gcfﬁgtbgog é%ﬂ {Lgrlagmﬁﬁ‘ﬁbdefl Yol ‘B{Vﬂf?iﬂﬁl‘rm%% f9 ghe Other pairing
nunblmmer&ﬁd}dcﬁl)dgésmBRngGEwtabl e for use or may be
derivatized to be suitable for use as descri bed
. The dyes may elther be directly conjugated to
uQLesqeat 2¢lg A¥BS t hat t hey can be

gent BN
(o I e, [.0148
St A P, 41 e
ndﬁl nelthesr ﬁwmntnnml Elll(dela&lclﬂ-]blnﬂﬂlgﬂ Gudivlhedye! BSgemeilly used as a
| ei ¢ _aci d- bh %(1: esthat are
OF§SGE1E s ERHCGT ”ér %n}g g \L/béé‘ffg \APPligatioas Bt Wiy ¢fe example, a
Uﬁfo% enRsS pk tkﬁﬁ@%ﬁﬁﬁﬁat@ a
Non- flguoregcﬂént nucl ei ¢ g%lggﬁéélnng?r%gq?rtg?eb Covale%tgl \ﬂBaChmg a
20bereoTs @sn@clyewsm@ 614099 peptiden ehdid @ondinofdscat @ssentleic acid

it dREhSEE UL SR 5, B Sheriedite R GuSd b pluare3tence of the
nuisher. Iﬂ}forﬂ@xﬁkyﬁﬂaﬁ@ﬂﬂ%@@é o(i*ylfﬁ§ ﬂé?ﬂ&é bee rﬂoﬂﬁle dn@She quencher are
colorinetric nucleic acid ai ns. atlvetoqtﬁ

f ISERrAs S etherchy dpléa%n&éhedﬂmramneq Rigdaly ﬂﬁlﬁh@nb}d avaytdfesmmple, a
(2B AR RIS R hal BEn THET 10, 4Gen so-callpd, TagMan

t prakee, fos UgPCRS AsafaijMam pretioreondisth Oxfi @ht Yligducls8ddYwhich is
| es of non-fl uorescent

for exampl e. np
m‘}8'in8f tneniapiytang faes Py %ﬂl}lmﬂm dluorsgeenge dopest dyej aHachef to one
tend o kR %h%@nuc@ o¥iat abp a,0| E?ch'é@t%%l:ﬁe@e 1! tﬂé cghezt end of the
as e 9,

Thi oni n, G een, Baslc ue 6
I ﬁhg@nm@osﬂ@@o q@aichahé fudresctane sf CEeedmaodePl Dadyareal-time PCR,

2088 b0 50 e 8B oG B KB Bl RGeh B S

Aksibé efryshacalnadledeaatby biiferatln¥ d M@HKREnt SPREONSI N) .
Fl uor escent non-nucl eic acrd dyes

[01551 A non-fluorescent non-nucleic acid dye may be used mainly as a pairing
partner for intramolecular dimer formation, which is responsible for the release-on-
demand DNA-binding mechanism. The non-fluorescent non-nucleic acid dye should
be so 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-nucleic acid dye may be based on an evaluation of the emission

spectrum of the fluorescent nucleic acid-binding dye and the absorption spectrum of
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[0151] One of the nononeric dyes Ql, @, and B may be

a fluorescent non-nucleic acid dye. In general, al

wo bwerneseent dyes that are not normal |y consi deCBEUS2006/009910
fl uor escent nucleic acid dyes are consi dered

ﬁéor{o%sﬁ@d}éicg n uc c e ?%&%tg%% ol ﬁl@%nmnﬁﬁﬁl 6\%&1% 50 that the

uor escen generally refers
a flubtescemse esngnaﬁyesst tedt to sFRET is noimimbl, yasc dessiiblet er‘ae Another

nuclelc aC|d d exa dye t
ESTRIE it o GHGITIES SIET R roAse Befiiienfs Jpre BRIDAR 0 that the
g 'iﬁgfégcé?l'cé‘ dighalQbsstukté P"R%qcﬁ Aininkdl! Bdeddre@abovd) b tHRrefficiency

y way exanpl e, while sone fluorescent non- nucl ei ¢
aof CFRESS/ &s depepdant ninbihe igwerse wistlk ppwereph the Wipsmajecplar separation

I Cc.acids ese interactions are generally not
S&e%&ye&pél?ﬁcqngﬁtggﬂ di’es& gni ficant fl uorescence spectral

changes to nmake the dyes useful for nucleic acid
d 0 E3%] IBxampldd b 2bmirrdigIls afdilable epadhioresomt rquehc&h'ecs wiichl may be

gﬁ%ﬁ@%@%ﬁ&?&yn@ val | abI CRES ;.n}r%aﬁib\?éngc w1tzerland)
f'm%ﬁfo?@t@ueﬁgfbu ogﬁk cfr(ﬁl?'ﬁogéé?cﬂ %kmglgutmer GN@@Jto CA),

mted cein dye, a sulfonated
f IEmhmem]erwbwhera(DQ)cfdamEpecmﬁeqscamsw (ﬂi@ﬂmﬂle &Vashington), IOWA

S Binficaraea P8 fcnbiodes (SRESSInieR), &% osY from
a'lqol@cﬁﬁ’ldlbrﬁﬁes ﬁiéegid!éh@@ﬂ{ﬁr Probes, | nc ( Eugene

A suitabl e f1Uorescent non- nuclelc acid dye may
conprlse a reactive group R, as previously described.
8¢ | uorescent non-nucleic acid dyes may be

Siﬁé‘ﬁl‘% glgtai%@te d %e%?ré eéillolflég 0t z{yet?e a]%%rff@t}%%of f@&ﬁ%&nﬁtative

Virgal fim@RAER: q?GJK)anlﬁg HCR Qbmplétabvngrﬂnqmsfcem}mdDHNA detection
51 WD 2006/ 099605, PCT/ US2006/ 009910 [0153] Sel ection 4 ¢
ofVlaaaélﬂofeéB‘FI‘é upkels et g HSHRAYEptering dhqamggratfya product of 2

: r
gener gfo%lss v@%ou?b%\gﬁg F>a§t5ﬂ DYCROARTRE &nﬂﬂ@ tHRreBAB8 - d;/lhﬁg a PCR

orescent non-nucleic acid
s howl Usihg qREIRe ohe nfanyrnut a)nly| quamafmthe culgiral dm@uet ofig DINA sample,

f R paa;ygé}r;«? ggegywe&élp g’ﬂbe(s:%s v&% 30 ngﬁclflcny of qPCR

changs if RighieuscASA rapﬁdn%briff %ﬁ&dtiéﬁ'l‘ ﬁfph@ﬁtldl@&ﬁﬂu@mg B¢ diagnosis
the conponent nononeric dyes in an aqueous nedia

beind meognosis aff diseaseheanduhe risniiticatips of specissdn dgtipylture and forensic
linked to the other pairing nononeric dye or dyes by
BRFISEE: Non- f | uor escent non- nucl ei ¢ acid dyes [0154]

In general, the term "non-fl uorescent non-nucleic acid
dyfe1s8]efierssetod aalyd e thZRt may fnvobietdddingfd sodutéscedithe |d§ac and other

AR XA G T N AT W
Byen%egf FAABPbEprifhers 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 cycles required for 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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fl uorogeni c peptidase substrate has been constructed

by covalently attaching a fluorescent donor dye to
wor@cerdodf a peptide, and a non-fl uorescent PCT/US2006/009910

non-nucl eic acid dye, the quencher, to the other end

of the pepti fo guench t fl.uores f PR
R A e e N T
dpner. @@ t he quencher are separated, thereby

rél'eéasing the fluorescence signal. Further by way of

exanple, a non-fluorescent non-nucleic. acid dye has. .
HORR1 Qe upsctsd romssceah ppeeic ¥e ingl eg’u? e laﬂﬁéﬁ?lted to,
AABPY ' i Ofcicibin 1R gt ead cells,
TR ARl R T SORRL, i B, 3 s O BUALRAUCAn 1HRI G ead cell
f didoniREAG€E Beid ddreoton tymiadireaykeGerevaltyn ¢he esedoiof fludrescent nucleic
ol i gonucl eoti de,.L and a ciuenlclhgir att@ch dto thﬁ. o{.hnerWith an
shyet |ay OmpgsH OPRGHISIdNE SYGuBREM A W e s FUPBELEh e y
Odqd ity 6 bR sRER thotifit tb ab@peek a nucleic
o%c}d%t%ﬁl ngégg%%tgz’%git%gd@%e {tlﬁagh?lg%ets DNA, ° i ch cagsesal mTC_el
{ déd lolyguany ircebatingethet rosuling moiytivae 0F Alyp and| sanpie) for a sufficient

t her eby .generatjng.a fl.uorescent .si ] .
n'i‘fHQ"fI}thég’é%ec nqliongp_rﬂlﬁb?% Iog %ﬁ%‘flﬂd%ﬁgd%?rda g/or%@(]ngegé aﬁad detecting the
Bt dce Absi@naP BF fhieWe-nRaleidwRid éoiplexdst amol ecul ar  di mer

formation, which is responsible for the rel ease-on-

demand DNA- bi ndi ng mechani sm The non-fl yorescent
NEHGALThe e BEY §0 BRPASHRRRE aUitable W35 ASrisSEIber GeER Yigrely by way

m.pLisl T e | 1 DigdeBlEsolvent or a
el i1, R REONE P o HI ot SRS RERE o ileBlicsotven

I Walgelﬁﬁﬁdbledéﬂgubfogigi@hlqecdmmibﬁn‘ oltgmaic soluenteaic @ rponcentration of
nucl ei c. aci ye due tqQ FRET shqu e.mninml. .su

gie " oo tavi 1000 PADOSGH T e CBan ey piyioh Blamples of
f F&i%ﬁes& 66 SJWJnt@Fiﬁffma%- el AR dSEbRCET RNcoibihitfor®ith a suitable
fl'uorescent non-nucleic acid dye may be based on an |
evaanitsobrendin thhenadnigsef odye sipele solufiomfinglyde, but are not limited to,

fluore t pucl ej ¢ .aci d:bipdin .
awg&rpﬁﬁgnnb%f%é,c?r}% ﬁ,‘{l&?bu‘%ge% @ﬁ%@ﬁ%%ﬁé@@%&é rES?gamc solvents for the
PCTAS2006/ BRO9HRK doN@ioR0 Andlhdty res caa tnotiémitédleéal DWSO, DMF,
t hese 'spectra shoul d have m nj nal Qverl%?ﬁso t hat the h
f Imethanst enesbansil. ghel stedssolufing i shenpgitipiodsingn fStaing slution with a
described.abov . . i

r ety B8 Euss RO oipE XDUMIE s JolTeftl Budtfas water or o
f bitoE64 ehieer s f@n@tanipds sind genetad, BREIpdcifiaridpé reahgengrgtion for the

descri bed above, as the efficienc of, FRET Ii.s
d Sjsénas selution pRx befedsradned; by Wer}'@%gp of ¢hg sample to be analyzed and

| B | \ h e&ampld, itigieral, a stainin
(IR0l AR ORI ORI i s
ngotufibu doresse dnconpeting vathsa wluddr sampldmay hees gidye concentration of

i nclude, but are not |jmt , BCYL fr .

( BIRHSITNGRF (P55 iy © byt IRuME TR ReY %?‘g%iﬁﬁ in general, a
Bisp36ias GOlufiek Be0LRIIneSonnbdtfon Witk \iat électfofhoretiE@el pmg have a dye
Dar k encher ( from Epoch Bi osci ences (Bothell,

Weshéentyaien of 4 uM or more, or up to about S0pM.

[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 cellular or
tissue samples, which may or may not be pre-fixed, the samples are usually 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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Bl ack (IVWB) from Integrated DNA Technol ogi es (Skoki e,
Il1linois), and QSY from Mbdl ecul ar Probes, Inc.

W@ Bwgessps OR) . Met hod of Use [0157] A nucl ei ¢ BCT/USTHYE009910
descri bed herein may be particularly useful in
Oy Hrédedt invide foRRloftdl dRutlfaRecduiiitisitle plslidiOnitiEic @eidR 0@ Erude cell
with fluorescence-based DNA detection via a
f lexsres de sichgasesiis mﬁ:r@l @9@1&0@@@ andlip sdedkeioliting totrenucleic acid
a 0 ci I h .
£ S0LBb ok AU by % PuEetERE BcblcT b3l ignal, the
P&irengthiof whihrig pepoRionahn tﬁaymﬁﬁﬁt (ﬁniuyleqmmiﬂ IBWWhjﬂ of example, a

original anmpount of a DNA sanpl e, al so obtain . .
&}ﬁ%n@éat}%f BYNR LIS oFhowRh I g&%@ thv ltey ‘é‘?%a% Uy jlmeas gglationship
Ofpe R t?é‘?ﬁ'l&?nt' df lﬁNghAIMnﬂiftﬁ%slélenéeninﬁmﬁmﬁf b@tlsed f01(:j quantitation

practical applications I he di‘agnosi s
profges;j er wheuliceld @stract iamsed, h:etmnaimn of thsauumberaff cells. In certain

T o ERG it S OE BTG, sehf adleper oot 2

Oftest B@ipdER eﬁﬁlﬁpl@t BedttacRQIMBAN QS uibed, M%sfﬂhléoﬁ% chip or any
reacti on (such as an anplification enzyme or enzynes,

a offreir welid surfaeei fosrexamplet Bll,iﬂi!t cabes; imgparal stainingisgfarried out by

¢ Prph BB Phiod e i SRR ORe sOPI SRR A R0 or o

Dife s@fiet &fiamecrbathly, chip € ioftger tsbRd Sedh@( ahd hcubhtige for a period
gPCR |nstrunent and recording the detected

f Isuiicicat toallosy fmationrpidyernuglaic acid gpmplegessunber  of
cycles required for the fluorescence S|gnal to reach

anjofgRiA rfﬂf_#ﬁés\’:erﬂeh nfléﬁ'cn%gd th %?‘F[{/ a}“%g HB¥cRE ther via its

recor ded ue I's to the
ofentisséonDdt/exsHanine Byopsyy ollerasple, thdsﬂngescest Bundeic dchkdyte complex

acs . A FrraanaS gt B e AR sAlea i & e e ghsorption
t heaxGhuMaliRlenV 8f the Romprk. YEXROOS) (99@82xample, the nucleic acid-
PCT/ US2006/ 009910 npl e, 'PCR anplification

pldye somplergmey be@x@@%l%ey\éhghtsmmamleﬂg uites 390 nng to 400nm,

o0 o S G ke S NSRS 1Py LRGP RGN AUEL R fminators

qused fdralel Oﬁual&n‘ig)hp{ﬂic@ﬂitﬁlsOBy gelysof exdafipid, Mgk fifiorestehesignal may
acids in live or dead cells,  and nucleic acid

dé’@é’@f@p@ﬁ Vlzthlﬁ%llsdgﬁtwg}eglts @g:flpeafseglqit9 readgEs, ueroggopss, fluorometers,

SRS, S NS EL RSO3 1 s,

adlinotasoamlmgmhgmy bs)madm b vasuah mpdtieodsh atche asyisuak snspection or

is.thought to ise a nucleic acid polynmer;
|ﬁ@ﬂﬁgﬁ%ﬂﬁ”FﬂgﬁwgsﬁFFfﬂﬁpm1xture of dye and sanple for

a sufficient anount of tinme to allow formation of
dy®mnitdsikei ¢ aci d conpl exes; and detecting the

[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 dyes comprising a functional group or a reactive group are now described.

Synthesis of the monomeric dves and functional molecules

[0164] Suitable monomeric dyes and monomeric dyes comprising a functional group
or a reactive group may be prepared from scratch by a known procedure or any
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fluorescent signal of the dye-nucleic acid conpl exes.

[0160] The dye nmay be prepared for suitable use as
waemendses] herein. Merely by way of exanple, BCEUMS066/009910

may be nmade into a stock solution using an aqueous

S Qhivd %I‘BEed%re VRS mbiBG %’k&nﬁﬁﬁ:@lﬂv‘%ﬂhﬂ@'lﬁé{end that already has

conpat i bl e organi € sol Ve at a concentration of

g neaitahle ohdasiraltje gere SO0 cturerddanymaonamasis dcridingalyes may be prepared

a| § n Weﬁ%{%ﬁﬁwa’é@%g‘gﬂgﬁe O‘E}’ 5 ;A ff(%!?ceo n‘%g’y gt Pha fapercially

a a$éilabﬁ>bzlc@1d1n@r(gfarﬂha‘t nﬁégl e asl suithbhle stkidg@atefialefod ¥¢nthesis are set
stock solution, incl but are not limted to,

wherdr dirgilg below.er, and Tris buffer. Exanples of
sui tabl e organic solvents for the maki ng of a dye

st ock At ian, include o limted to I
DIVF, or et hanol k sol ution ihe O
dip et B0 AtAl Ni RGN N Wik, a  @H8iN ed” f ital

dye concentration using a SU|tabIe aqueous sol vent,

r.or a biologlealyhuffer, for examphmwohmge
gene?gﬁmmT%@mgﬁeC|flc dyéQ%%ncentratlon for the
staining solution nmay be determ ned by the nature of
the sanple to be analyzed and the nature of the

aned 653 iCGkh&eicrigind ebfewtriethresBiiay by prepared argokding tdknown procedures
general, a staining solution for use in conection

WIOF 1R %éﬁblelpé?ce%’f?é{ Albasly Avade pcaigineso thednbrererdienophysical,

?ﬁ% il %9 ?)zo%%ceal é)gézrémest anﬁﬁ%ytEcﬂvpaQthﬁéthngr 1BY¥ddR¥:1dho, et
stai fiing sol ution use

[ mlpSmﬁcCiomum ©h, 4007 (E9o);ophibieteply aell., Biycdugngatea Chem. 15,

Ao S o o 8 Wi g
nflaf)fe WY abs%tgﬁ%%afﬂdﬁﬁc BYidtdd & cdmedylie aefd &di@valent in the

an ys s being carried out. the staining of nucleic
agiraisngerpfadldvas agidors schm@u:@lls dha}stre@d imReadiiondydigctlhglow.
not be pre-fixed, the sanples are usually incubated
qu%ﬁgﬁlné 1solution for a fewmnutes to 2 hours to
€ to perneate the cell nmenbranes and

conbine with the nucleic acids. In sone cases, nhucleic
aci ds nay 54 WO 2006/ 099605 PCT/ US2006/ 00991®R" - be
prese n the forn1of a sol ution conpri siRg PN

NYRY . a 30|d gyde cakkcogxtract sR) bsubh

in ge t|o f—a—dre—sroék sol ut e
nucleic acid sol ution sK8Gkd desult in an
i nstant aneousl y detectable fluorescence signal, the

SH@fQﬁt ! thl’Bg h%%,pr o@i{’a’ ?engdlglf)f%lj@gtlit%?ﬁg,tn qts ﬁlfrther described

CWelfy. 'ﬁlesjlgﬂﬁyla?mﬁé Qtak g’ mafElf‘iﬁl ﬁuéiﬁféﬁﬁémﬁiefd{ally Hedable or may
rel ationshi bet ween the anpbunt of DNA a

f Ibgosyatheeiacd fiom @mtalylec?ayﬂhbledmgmﬂ afswtabig amylnamei p¥ing a known
act is,u n
cimehenagimb TRt il B o . TeaRl ThbATsM, 125 1999
aﬂftvﬁéya’fw , GDRE dekknt. N64285731 61999V Bindi Wolfs U fula3. @rg. Chem 65,
* 955 Boods.

N(CHa)

[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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test strip, for exanple, or attached to a solid

surface, such as a mcroarray chip or any other solid
waeobaewps f or exanple. In such cases, in generBtT/US2006/009910

staining is carried out by applying a staining

S Qh & b mARionOwh e rdiis§ FCfle Qye ! Aecypfésll ﬁb&rcﬁﬁdcﬁmﬁﬁ@'@fd@l M8y be an

matrix, or to the surfacée of m croarray chip o

otammo grﬂﬂipd agualkpleminca gEPpn @u@aﬂqytﬁgnm@ rgraurpea‘ |hddroxy1 group, an

.al | f d
R

C QI¥phr6x- Ao inp @rélg) 186§ Bela®hihRy gruiys antatkylaning raip, aidialkylamino
excitation. By way of exanple, the fluorescent nuclejc

aGF WP OB 2k BPRORE LIOUPa PY FEAY %@i@%@ ol gepetel aﬂe%l%ﬁi@é‘dwwrawmg
I

s AL SAAAE T AR PSSO eyt of

e)dgérm\etypﬂ:hieelmlrdnethhchawmg ghpep amaypbex ayayo gmupxmgeeﬁiuoroalkyl

by W lig vel ength f.ram 300 nmto 400

VTSR e Amin oA Do groc o WEERFIRACEORY o Biougy AP dplgarbony!
J@Stanoaﬁdé e tg'r S | M IREE ﬁﬁ)onﬂs upOkn @flinosulfonato group, an

VIS fizing applicafions. way  of exanple, the

f lalityleesivesulfosatgrgtbupregr a b@hdﬁeg@@peb}' Wax ofagsasple. A more typical

¢ PlrsloRBRvang diolp s st RS B din, TP LGRS rony o a haice
f goupxanpl e. Further by way of exanple, the

fl'uorescent signal nmay be nade by visual nethods, such
as visual inspection or_ photographic, r

c rqlng for,
X8k dn gexaralhergedhe peiding corp étr%%m@ H%Eﬁl@ o 8-nifeesds alkylated
b f
oGAET AR, o ARy PRt B FANRIBIN roup o

offuﬁdnﬁnalngmopmhatcx:ad)lﬁ amnsttéd toentreadive mu'pGH‘ he additional reactive

th f d ic.d .
G St 10 POREE O 2 0an B 8 PERCR, SRy gf making
NOYh RSl ng?ﬂhne @éﬁﬁ@ géss wafh b RQitANAGBRKIvE @S addchematically

functional nol ecul es 164] Suitable nononeric dyes
anﬂusmmdnn&hemqéshre@lmvd@mg a functional group or a
reactive group nmay be prepared from scratch by a known
procedure or any 55 WD 2006/ 099605 PCT/ US2006/ 009910
sui tabl e procedure, or by nodifying comercially
avai |l able material that already has a suitable or
desirable core structure. Many nonomeric acridi ne dyes
may be prepared fromcomercially avail able acridi ne
dyes. A few exanples of a comercially avail able
acridine dye that may serve as suitable starting
material for synthesis are set forth directly bel ow
NH rN NH (CH3)2N \ N N(CH3)2 H2N N 2 H2N 2
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3, 6-di am noacri di ne Acridine Yellow Acridi ne Orange

[0165] Other acridine core structures may be prepared
wa@ewoenglieny t o known procedures or any suitabl BCT/US2006/009910

procedures. Al bert, A, The acridines: their

PEERALAL | on, physical, chem cal, and biol ogical

properties and uses, Edward Arnold Ltd., London;

El dho, et al., Synth. Comun. 29, 4007 (1999); and

Joseph et al., Bioconjugate Chem 15, 1230 (2004).

core struct be formed by condensing
%Jw phenyl(@m, RengUi t abl e carboxylic
aC| &ar oxyI ic acid eqguival e in the pr esm
of a Lewi\s acieysms schemat)cal |y |&U‘§'Pi“%t Bd dnpin N(CHe
Reaction{l diTectly below {[0§1l66] Reaction 1 R" (CHJs OF o

(R)a Rod OCRH (R)a '| (R4 4%N Zn@@, A N H [01691*NH(0H2)5-N;]
In ReactEon 1, R, R' and R" re suitable

(o}

substitu pgﬁ“"*e%ls further desc?i bed below The
di phenyl am ne starting mat arialcnhS-c@dct her commercial ly
avai | may be synthes?Z®&d from a suitable

ay), @u@ suitable grylam ne using a known
met hod or mny suitable ngthodsYang, et al., J.

O ganonet). Chem 576 cp 25 Michy, Har t wi g, et al ., J.
Org. Che 64, 5575 (1999) GHand VWl fe, et al., J. Og.
Chem 6&¢ 1158 (2000). GI%,&JCHZ)]',\he nature of the
substitants and the p03|t| on where the substituents

are attpched nmay have a profound effect on the

spectral | property of the dye. In general,
el ectron- [

donati ng groups at.the.2-, 3-, 6- and 7-
posi tmi nergase tti on 56 WD
2006 1.US2006F089970% and®8im ssion O T T NeH
wavel engt hs of the dye. A typgcal el ectron-donati ng
group may be an amino group,an al kyl@mi@ecgt oup, a=p~_coH
di al kyl arica up, a hydroxyl group, an al koxy
group, althio pup, or an alkylthio group, by way of
exanpl e. 'A nore typi cal el ectron-donating group may

be an roup, an al kyl a up, a di al kyl am no
gr @up N kXY gr oupgrmby~ay “Grnexanpl e. I n
general , arf" el ect r es+et hdr awi ng Clgr oup at the

9- posi ti o Wddle i ncrease the abs chem.cand em ssion

wavel engt hs of the dye. A typica
el ectron-w thdrawi ng group nay be a cyan group, a
perfluoroal kyl group, an am nocarbonyl group
al[&wlﬁrﬁmo%—@ombmyIofgl(b@lbylaad mridwecmabdrwreadgy dubstltawd with a

al d?e{g)y 18% ?&%ﬁ éx? g:algl gearyﬁlxctﬁr b%r}]/er)gzr U8 2"tarboxamide group, as

schematically illustrated in Scheme 2 directly below.
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al kyl am nosul fonato group, or a halide group, by way
of exanple. A nore typical electron-w thdraw ng group
WOoreon6l029685 cyano group, a perfluoroal kyl group, PGF/US2006/009910
hal i de group. [0169] In general, once the acridine
c gucture is built, the 10-nitrogen is al kyl ated
WS?%H?TaI oal kyl group, which typically conpri sgs an
addi Li onal reactive group or a functis%nal group that
can be convert a reactive group he additi onal
reactive g&m@@@e@%t 0 conj ugat ri di ne dye
to BRIDGE. Severa}l ways,gfomaki ng™ monofer'® acridine
orange dyes with sui tzzbl e reactive gkoup are
schematically ilbustrated in Schene 1\directly bel ow.
57 WD 2006/ 09960 PCT/ US2006/ 009910 &thene 1 ( CH3) 2N
N NCHZ 2 (CH3)2N N N(CH3)2 O Cl_ d- N(Et)2/TSTU (t
' N(CH2)SNH2 TFA CH N e N1 e N(CH |(ns323 3)2 OO0 (C
Hz)5 Cl o HO2C O ON\y J N(Et)3 O NH(CHz)sN 11 1)
NaOH H20 0 0 2) HC 1) H2N(CHZ)5NH (t-BOC) \ \ \ 2)
TFA (CH3)2N | / N / N(CH3)2 (CH3)2N N CH3)z (O HO5

2TFA Et2C 0 j NH(CH2) SNH2 Br( t A\
I(CH2)3l \ | \ CHNI e i_ / NCHCHR)'YN é"N N(CH3) z
(CH3)2N e N* 'N(CH3)2 (CH3)2N(CH2)3 _N- CO2H

CICH2 CH2Al 3)2N 1 e N ~N(CH3)2 (cH3)zN N+ N(CH-2

HOLC

[0171] Methods of preparing reactive monomeric asymmetric cyanine dyes have been
described. Carreon, et al., Org. Lett. 6(4), 517 (2004). Such a dye may have the

structure (Structure 11) set forth directly below.

S —

©: >—C N—(CH2)10COzH
N+ H
\ Br

[0172] U.S. Patent No. 5,863,753 discloses the preparation of a series of reactive

Structure 11

asymmetric cyanine dyes, including ones that have a substituent ortho to the
quinolinium 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 to as
SYBR dyes. Zipper, et al., Nucleic Acids Res. 32(12), €103 (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, 9" edition.

[0173] 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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(CH b__CH2Cl HSCHI CO2H b_CH2SCH2002H [0170] The
9-position of 10-al kyl ated acridine may be readily
wGa s ed with a cyano group, which can beP¢T/U$1966/009910
hydrol yzed to a carboxam de group, as schematically
| 4 g@ﬁé@! QHesk i BRs? adéréé%@ﬁﬂ-%a?&i @M‘actﬁh% MPvirtue of having an
20067 099605 PCT/ US2006/ 009910 Sc Me2N N Br/
Negditingal Nognzpgolyivsubspitigent2 on 1t)hNab3mmrty12}ma| of HiBpalyes. Similar
%ﬁo&xe? g ({ygggpa)\a/l d S}lgbbi reac lx% r%50 i Ck’%g aFGd] USIHg similar
C ythade, fdy eganhAy,es l@él%ﬂnatié@liiﬁﬂlub@ﬂed Fas¢enR,3 étectlly below.
Org. Lett. 6(4), 517 (2004). Such a dye may have the
structure (Structure 11) set forth directly bel ow
SeElEmGde 11 S N (CH2) 10002H H N Br 8 7 [0172] U.S.
Patent No. 5,863, 753 discloses the preparation of a
series of reactive asynmetric cyanine dyes, including
ones that have a substituent orth to the quinolinium

or pyri di ni um ni trogen. Su stituent, especially

a cyf substituent, orthQ. 1o, L0&.gui ni um or co,
pyri nrﬁlfh"ﬁf* s ey P,anpplr;\/n gj @L N
properties to the asynmetri cm=syani ne dyes, rdi ng

to U S. Patent No. 5,436,134. These cyclijcally
substituted asymretri c cyani ne dyes are conmonrly
referred to as

[0174] Reactive phenanthridinium dyes may be prepared from the commercially
available 3,8-diamino-6-phenylphenanthridine, as schematically illustrated in Scheme

4 directly below.

Scheme 4

[o] [o]
RN O O NH, PhGH,OCNH O O NHCOGH,Ph e Q
i PhCH,OCNH Q O NHCOCH,Ph
— e
N - .
O PhCH,0C0C) =\ Br
pysidine O Br{CH,),COEt O (CH)COE

H,S0/H,0

BN O O NH, TSTUTTEA Hatt O O NH,

—‘— =\ Br

O \_\_\'E_o_ ’E\IJ O (CH,),COH

[0175] 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.

[0176] 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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SYBR dyes. Zipper, et al., Nucleic Acids Res. 32(12),
el03 (2004). Sone of the reactive SYBR dyes are
weommeywial |y avail abl e from Mol ecul ar Probes, PCTTS2006/009910

((jEugene, OR), although the exact structures of these
PR of o MR 4l RURIEC A sctoniEtcall ARARAGHHBcheme 5 directly
ebdlowon. [0173] U.S. Patent Application Publication
No. 2004/0132046 di scl oses nmethods for preparing
ngaorreri' c asymmetric cyanine dyes with m nor

i nding capability. 59 WO 2006/ 099605
PCT/ US2006/ 009910 I n general, these dyes possess a
crescent-shaped structure by virtue of having an
addi tional benzazolyl supstitutent an the benzazolyl
ring of the @ly‘ oSi m | &ro rmnomér*lﬁ ¥ havi ng a
sui tabl e reacti group Y tgrelz préparedusing simlar
nmet hods, for exanple, as schematical I\ illustrated in
Schenme 3 directly below. Schene 3 S M< OTs' +
Br(CH2),CO2H - - / \ ' - CO2H (US paaent appl .

2004/0132046) / / COzH N' Y\ g N Si ™MER TSTUTEA O
OCON NOJ[0174] Reactive phenantkri di ni um dyes nay
be prepared fromthe comerci al 'QQN 3
3, 8- di ami no- 6- phenyl phenant hri di ne Q hémat i cal | y
illustrated in Scheme 4 directly¥bel dwx Schene 4 O O
NH, phCHzOCNH / NHCOCHzPh O/ O 11 11\N%._ PhCHzOCNH -
/ NHCOCHzPh PhCHzOCOCI N -N Br py??‘éh’”?ﬁé
Br (CH, {VICOZEt - (CHz) sCy&t L
[0177] Many monomeric non-fluorescent nucleic aad—bmdmg dyes are known

pigments used in textile and ink industries and are commercially available. References

for preparations of these dyes can be found in the literature. Many suitable reactive
monomeric fluorescent non-nucleic acid dyes and non-fluorescent non-nucleic acid

dyes are commercially available or may be prepared readily using known methods.

Synthesis of BRIDGE
[0178] BRIDGE is usually formed when the monomeric dyes are coupled to 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. In some cases, a significant portion of BRIDGE, such as up to
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 usually first
attached to one monomeric dye, followed by de-protection and coupling to the second
monomeric dye. Hetero trimeric dyes may be synthesized using a similar stepwise

protection-de-protection strategy.
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H SO /H O HEN NH, TSTUTEAH N/ ) NHz Br Br O
(CH2)5C02H C-O-N O [0175] Merely by way of exanple,
wOy@oMw6085 of Table 2 may be prepared using tPEr/US2006/009910
phenant hridi niuminternediate with a reactive group
s oW ohiforseiNBathohoRAY Byes tb BRIBIGHEr epar at i ons of
ronin derivatives with a reactive group at the
olg8l in weneraly dipsricaand; sémerin dygs erAYdbAsISPRINklaR by conjugating

2O B BB Ee pha LS bORRICRE 5 L VAN S Y b ool fincer n

dia oaeepytdupling haadtiod €or Mescuﬂmmbnmdhhgas,l o inshokitsteb reactions
Sch 5 di il bel RRO R.R- ,
L For TefSap e imetRor Som of e jormodmers <emakiene TRAINpl bridge

h ;h% rotites td s dhdthdHifer ffd hetéodi

gl%glcét 6}_%86&[%% etlr?fong%oor?sérl c non-fl 1ugrr esceent OCImEs afe
necHeaiaticalty dlukirated igSahyms oalictnbelow. pi gnents used in
textile and ink industries and are comercially

aﬁahl ablé Ref erences for preparations of these dyes
ound in the literature. Many suitable reactive

nmononeri c fluorescent non-nucleic acid dyes and
HGH,) (HCIN
non- fluqﬁngEQL)non nucl ei c agid

(CHa)N
“ O ﬁ j\/\/\’ O
1) H,NCH,CH,NH, f\/\/ﬁr \/\N ),
2) Nal
y;kr] N(CH3) (HCO)N

o1
o]

1) HN{CH.}sNH-(-BOC)
2) TFA

(cH ) a (HO)
(CHN i N(CHy): cj\lco A | TSTUTEA N Q

2TFA W “-(CH,) C—NH(CHNH~— & C-NH(CHINH-C{CH N} )
NH(CH,)sNH, Q Q
N(CHy), {HyC)N
{CHa)
Q Gtk (CH). | (R
3 ar
O ¢
A VCHANHCHNH, 4 A~ O i O
\ —_— & ) /\/\H/\/ N &/
N(CH),
’ N(CHa)z N(CHa). (HC)N

(CHy). (CHa)

R,
(2 @ T cons &
A N-CHICOM + N nco o EDC/pyridine/DMF /7% ._(C“) C—Nh
N 2
Y ! con

N(CHg: N(CH \ I;LCOECH’
(HC)d 1) NaDH/H,0
§ e ara (O
Q 2CF,C0;
(CHo)z H—Scran ) €2 9 , W
l_j QN (CHACNHCH,INH, N_C(CH)"'
Q MHNOD N Q Q ﬂ \ 7
» ‘-(CH)C-NH(CH)NHC (RGN ﬂnnoo ¥
Q . NoH HO,C N HC)N

N(CH;)z

(CHa)
” ©:S"°” I~(CH;):COH ar
(CHAN e N(CHy)2 N o 0
o=i L T - & ‘-(CH)C—NH(CH)NH—C—(CH)~8:CH-<S @

99

NH{CH)sNH, TSTUTEA

N(CHy);

[0180] An example of the preparation of a homotrimeric dye is schematically

illustrated in Scheme 7 directly below.
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dyes are commercially avail able or may be prepared
readi |y using known nethods. Synthesis of BRI DGE

WO 038Y96BRI DGE i s usually forned when t he nonOPEF/U82006/009910
dyes are coupled to a bi- or tri-functional group,
WRi.gdind ¢ of ten commercially available. In general, the
termnal portions of BRIDGE are fromthe nononeri c

dyes t.{s?gs while the mddle p BRI DGE
IS (Wzbg o) ¢ r*)it-EwP-Ermietsq%’iﬁ%HfTE”rn‘j*I*e>e'cegl*4 aif¢Eabl e
froma g@iffrer cival ; ome casegy a o

si gni fi cantHqweyt i on of BRI DGE, such as upmp@mwab@uﬁm
90% for exanple, nmay be pre-attached tp the nononeric
dyes prior to the final assenbly of the diperic or
trimeric dye. In sone other cases, nBst ofwéRlDGE may
be prepared separately before the nono ny&w&yes are
attached. In the case of heterodiner synthesis, a
nono- pr ot ect ed bi-fun;ﬁﬁgggt;iinker group is u%ﬁiﬁ%ﬁ:j\
first attached to t&,.dye, followed

de- prot ection and é%ﬁplln@mno the sectnd nﬁn&nerlgw (e
dye. Hetero trimeric dye§~qu,gg_§¥p&, Jra=o g yﬁMmgﬂﬁ
simlar stepwi se protection- ge. proteﬂfﬁ/n strat egy.

61 WO 2006/ 099605 PCT/ US2006/ 009910 Cﬁﬁjugation of

the nononeric dyes to BRIDGE [0179] In general, cH-NH,
dinmeric and trinmeric dyes may be assenbled by g?
conjugating nononeric dyes having zEasditabl e reactive
group with a bi- or tri-functional i nker in a ¢

one-step coupling reaction for some -of vt H&-" Ny NieHa:
honodi mers, or in nulti-step reactions for

het erodi mers and tri nmer me of the honodi ms N

conprising multipleghr m@gnt A Exan'p( HS§N(CH3)

synthetic routes to sel ecte@d honmodi mer and (GHs

het erodi mers are schenatqgg@jc,La))ﬁHJc (J}Hg,; at @@szsja_@g,jgm

6 directly bel ow. Scheme 6 \ \,ﬁ\,é (H3C) 2N

(CH).N NCHa)e C' 1) H2NCHZCH23NH2 \ / [, 2) Nal II(]

12\ / NCH)z (HRO2N 0O 1) H2N(CH2<)HaNI—|-(t-BOC)

2) TFA g:
OC

CH2

{CHg).N N* N(CHy),

[0181] Examples of methods for preparing a dimeric dye having a reactive group are

illustrated in Scheme 8 directly below.
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\' \ \ N(CHa)z (HaG)z (CHa)2N 1 / NI / N(CHa)z HO2C |
/| OH/ TSTUTEA 21 NH). O( 1 2TFA

W@ HeADNH( CH2) 2NH- C \ | G NH( CH2) 2NH C( CH2) , - PET/US2006/009910

NH( CH2) 2NH2 N(CH2) z (HaC)2N (CHa)2 (CH,) (CH2lz (HaC)
Vs@iimd £H2) aNH( OH2) 2NHz H - N(CH~2' N( CHa) X N( CHa) 2
FZC) 2N (CHalz (CH2)z / \ H2N _ C '-(CH2)eCO2H N
CONH EDC/ pyridine/DMF 9 CI' N C02CHa /N

NHC N (HaC) 2
?\Ia N(CHa)(z \)(cm?Mngo

) _i'tﬂe);
(CHa)y (HC) ° NR(CHsNH;
& " v,
NS N NN j;\/\/\., 4
oI
NCHy)2 (HC)N

TFA
(CH.)2 (H:C)N

H 1
9 N Cu {
§ HWN L/
TFA O
N(CH,)2 {H.C)N

(HC)

» \; H/\/\/\ Q
NICH,): o BN (OHa)z HON
TSTUTEA Q Q j\/\/\/ O
./\/\/\c’n G ™™ L )
OH \ 4 & N N
N(CHy)z HON
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(QHz) e 2TFA - (CH21 C- NH(CHa) eNH C-(CHa) e CH

NH( CH2) , NHa TSTU TEA N(CH,)2 [0180] An exanple of the
w@e@pasedi on of a honotrineric dye i s schenatiPel/U§2006/009910

illustrated in Schenme 7 directly below. 62 WO

2006/ 099605 PCT/ US2006/ 0098%@nmchene 7 ( CH-ZN

MM N(CH~2 1) t-BOC NH( CHZ) sCO2H/ r STU/ r EA (CH-2N N*

NERRBPR 1: (Bepdrsti@T¢A O-(BModapipgl)@iridine@rangeiodideA O=C 0

N NH2 NH( CH2).5 - ((CH2) sNH2  Cl EA N'~N Cl

DR GRS Egoyqat oy S ol Rpiabi war pde e Ao Npheies of se of
( @c@diﬁgd?arféa Qi) Giar-1 N IC-off CttorHbEb AHié) Rsulting mixture was
CNH(CHOg C=O INY'NC CHZ NH2 CH2 NH 2TEA/ DMF 0=C

hetitred at EH200°COpEYRighiNThe \hohfe@RBYR M{igHB) WRE poyred into ~200mL of
('\':_%géi'k)cz T‘l&?z)nfgel\l plrecli\;r)ita/te \Nv(a&%?lgctecf by '?Et)rgtio(ncgr?ds dr(i)ed9 ulg)der vacuum,

yielding ~8g.

Example 2: Preparation of 10-(5-Carboxypentyl)acridine orange, chloride salt

[0183] 10-(5-Ethoxycarbonylpentyl)acridine 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 dissolved in 30mL H,O. The suspension was
stirred at room temperature for 24 h. Methanol was removed by evaporation, and the
remaining aqueous 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 2)

[0184] 10-(3-Todopropyl)acridine orange, iodide (100mg) was suspended in 20mL
2M dimethylamine in methanol in a sealed tube and then stirred at 60°C overnight.
The mixture was cooled to room temperature 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 TMAO (Dye No. 2 of Table 2)
[0185] A mixture of DMAO (Dye No. 1 of Table 2) (11mg, 0.023mmol) and CH3I
(0.5mL) in CH30H (2mL) was refluxed gently for 4 days. The orange product (10mg)

was collected by suction filtration.

Example 5: Preparation of PMAO (Dye No. 5 of Table 2)

[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 CH3;0H (10mL)
was refluxed overnight. After cooling down to room temperature, the precipitate was

collected by suction filtration. The precipitate was resuspended in CH;O0H (5mL) and
65



NH( CH2) 5NH- C- ( CH2) 5NHNNH( CH2) 5 CNH(CHZ) 5 NYN  3C1' NH
i CH2 CH2 NH 0=C CH2 (CHAN\ N~ \ N(CH3)2 [0181]
wex@apdess of nmet hods for preparing a dinmeric dRer/Dsao06g9910

a reactive group are illustrated in Schenme 8 directly
b%‘éfﬁiﬂed @36 %@ %&g@%@% Py Rt Mﬂff?l%ﬁél@ Qﬁ%sodne%te %‘B%n&ant weight

(@m;cnmw gN@@%a)lxred@bhd (Mmgll TSTU r EA Io- c- N o
HNT,\/- N, (t-BOC) O (t-BOC) 0 HRC H p~ HQ OyN-QO

(Wl eRARiGh ot Rt 20 RPN DR ABERT W (1 7hoo
[0187] A mixture of 10-(3-iodopropyl)acridine orange iodide salt (81mg, 0.15mmol)
and PMAO (100mg, 0.15mmol) in DMF (1.5mL) was heated at 130°C for 7 hours.
After cooling down to room temperature, CH3OH (15mL) was added and the
suspension was heated to reflux for 1 hour. Suction filtration gave the product as dark

red solid (83.1mg).

Example 7: Preparation of AOAO-2 (Dye No. 7 of Table 2)

[0188] Et;N (0.15mL, 1.05mmol) and TSTU (320mg, 1.05mmol) were added to a
suspension of 10-(5-carboxypentyl)acridine 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 EtsN (0.lmL) and 3,3’-diamino-N-
methyldipropylamine (50mg, 0.344mmol). After the mixture was stirred at room
temperature overnight, EtOAc (20mL) was added to precipitate the product. The
crude product was re-dissolved in DMF and precipitated out again with EtOAc. The
solid (250 mg) was separated by centrifugation.

Example 8: Preparation of AOAO-3 (Dye No. 8 of Table 2)

[0189] The dye (393mg) was prepared by using the procedure to synthesize AOAO-2
from 10-(5-carboxypentyl)acridine orange (432mg, 1.03mmol) and ethylenediamine
(25mg, 0.42mmol).

Example 9: Preparation of 10-(8-Bromooctyl)acridine orange bromide

[0190] A mixture of acridine orange (2g, 7.53mmol) and 1,8-dibromoactane (12mL,
67.8mmol) in chlorobenzene (15mL) was heated at 110°C overnight. EtOAc (50mL)
was added and the suspension was refluxed for 1 hour. After cooling down to room

temperature, suction filtration gave the product as orange solid (3.56g).

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) 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 EtOAc

gave the product as dark red solid (214mg).
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TFA (CHa)z (HaOxN OO0 TFA\ / N(CHa)x (HaC)xN NHx

V. (CHa)x 0 (HoC)x 10, N(CHa)x NH AC)xN (CHa)x (HaC):
w@gehs EA / \ H{ O4 \ / 8-OH\ / F N CHaP&I/US2006/009910

(HAQ)zN NHo | OO 64 WD 2006/ 099605
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Stdidiﬁlﬁ@-p@ﬁﬁl@dlh?&@(:m\éﬁﬂ@g%}h _OTfmndael). r eact i on m xture
was poured into -200nmL o EgOAc. The orange

precipitate was collected by filtration and dried
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plf&mar]@eKbesmrmg;yphﬁyl)mmlumd orangef clifordeplsalt 1(24hingh Otiﬁmmol) and
exceptl é odopropane was replaced with
%% acid. The crude product (5Q)

mas suspended in 4100nL nmet hanol and 3 equi val ents of

NgGhtndiessR | MBhrhtion3AO Nl 1 NUSTS6BTHe WAS

stirred at roomtenperature for 24 h. Methanol was
r didAd I hbydye (Ab2ma) Wanh symbasizef &y using the procedure to make AOAO-2

from 10-(5-carboxypentyl)acridine orange chloride salt(180mg, 0.43mmol) and 1,8-

diamino-octane (25mg, 0.17mmol).

Example 14: Preparation of AOAO-12 (Dye No. 19 of Table 2)

[0195] The dye (76 mg) was synthesized by using the procedure to make AOAO-2
from 10-(5-carboxypentyl)acridine orange chloride salt (147mg, 0.35mmol) and
2,2’ oxybis(ethyl-amine) dihydrochloride (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 AOAO-2
from 10-(5-carboxypentyl)acridine orange chloride salt (96mg, 0.23mmol) and
4.7,10-trioxa-1,13-tridecanediamine (20mg, 0.09mmol).

Example 16:  Preparation of 1,3-Di-((2-(N-t-Boc-amino)ethyl)aminocarbonyl)
benzene (Dye No. 101, shown directly below)

O
H
C(Hs0)— J]_HN/\/Nj(@ﬁrNH/\/NH—U\O“C(CHa)

o (o]

[0197] EtzN (0.4mL, 2.71mmol) and TSTU (820mg, 2.71mmol) were added to a
solution of isophthalic acid (220mg, 1.32mmol) in DMF (2mL) at room temperature.
The mixture was stirred at room temperature for 30 minutes. Addition of Et;N (1mL)
and mono-tBoc-ethylenediamine (460mg, 2.86mmol) followed. The mixture was

stirred at room temperature overnight and then partitioned between 1N HCI (100mL)
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remai ni ng aqueous solution was acidified wth
concentrated HCl. About 50nlL saturated NaC was added
W(bmopmmi);'pitate the product. The product was cptT/86108€1009910
filtration and then dried under vacuum at 45C for

Ta%{l %'tkgs’ig [(g(?{%ﬁrl’ﬁlega%lel odgagélt bv%‘ eﬁfra@@@lt@lm@w (50mI9f and the

10- ( ropyl )acridi ne orange,

i oointiimed DOGmip) layiers vsurs peastiediwith DOHCT 2w §0mb) WL QPoraL), and

in ms sea d the

oaeirRact (haty 380 Atel gt IR RONTS Sy FhrStdipguct was
apgriti&epy B@Mﬁﬁcbhlr(ﬁh@toéﬂﬂhy BtieAEIOAtchexpice (D) batkeiNatd give the
coll ected by centrifugation and then dried under

v aelatlassselid prodpgr(356mehour s. Exanpl e 4: Preparation of

TMAO (Dye No. 2 of Table 2) [0185] A m xture of DMAO

( 1 ]
a7 Sl g BB i, it
Tlaeetmrmrcgsaltngdbbt 102,8hgyn dwacs‘.lyclnﬂldne):t ed by suctl on

filtration. Exanple 5: Preparation of PMAO (Dye No. 5

of Table 2) [0186] A m xture of

10- ( 3- |odopropxl\)\/akb @ enorange i odi de salt (100ng,

0. 18mm|) and" N, N -§ et r ameblngl, cd,3- propanedi ani ne
(0.3, 1.8mmol) in  CH3OH (10m.) was refluxed

overnight. After cooling down to roomtenperature, the

P TRXIS 153 die((viS -t-Bast-areinogdhi)anms necaieonyt)i Henrernei (@A6mEH& 79mmol)

2%‘%%} Ig%gggT%?(ﬁ%gégge(gdﬁgﬁ ?xt}%g\%*&étgre %aéﬁleg Rf ? h\ggr and the

CQblufi6h Qs RYnceHEAE@fo fiynbdsdh vRfuo. The \WBRrIdsd I%ﬁdﬁ@was dissolved in
constant weight in vacuo to give a dark red soli

ChsH (Zmbhgndeadded limwaﬁtea&m B0 ¢30mndhe Qrioml@twas gollected by
o%e%%?q%&%% anLi fed] rﬂo)ﬁgtlz{ﬁ Ight in.vgcuo t &t ( 8£hr$g solid product

ropyljacfi di he or ang ' 60i'de“sa
4Zpm®l) and PMAO (100ng, O. 15mm|) in DMF (1.5nl)
vvas heated at 130C for 7 hours. After cooling down to

room Lempergt Bieparp %O@Ié 1§ﬂj&§<% ilggpﬁ%ﬂga)dshgﬁ on

f ggﬁ]?? ”ﬁh@rﬂﬁ QYﬁné)h\@adolﬁ_}%g%H b9sHR the Rf&:@dl%@'td) @hake AOAO 2 from

par a i on of é@m
ofIOKémwQquwﬂlmIldEmml(ge chiyride saltd309mg;)0. 26ramyE pnd 1 3-Di((2-

s arpakd T Rao Pttt Kb s s SRR (Mg g tmmo

(438nmg, 1.03mml) in DI\/F (5nmL) at room tenperature.

TiExaffipld UT® WeBreparafitie dofit 1,8MiGt @ pBbeatniso)paryl)dhinocarbonyl)
m nutes, followed by the addition of Et3N (0.l nL) and
3 bgnzege 4Rye onl03, shown directly below)

Q 0
H
(HsC)aC’O)l\ HN\/\/\/N\[(@\'(NHWNHJ\O—C(CH:;)S

o} [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 (254mg,

1.53mmol) and mono-tBoc cadaverine (640mg, 3.15mmol).

Example 20:  Preparation of 1,3-Di-((5-aminopentyl)aminocarbonyl)benzene,

triftuoro-acetic acid salt (Dye No. 104, shown directly below)
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nmet hyl di propyl am ne (50ng, 0.344mmopl). After the
m xture was stirred at room tenperature overnight,

WEL@09%6RONL) was added to precipitate the proRPCDUS2006€09910

crude product was re-dissolved in DVF and precipitated

out again with Et oI|d (250 ng) was
separ at ed Hy _eepkr i, Preparation of
AOAC- 3 (Dye No. 8 of Table02) [0189] Thgcﬁ @§93ng)

was prepared by using the procedure to syn esi ze
AQAO-2 from 10-(5-carboxypentyl)acridi ne orange
( 46201y The I8 r(hedmglawes prehgied medirdingnie th¢ Brpgdure for Dye No. 102

4 le 9: Preparation of
@i%gggﬂéwﬂgﬁﬁgp)acrldlne orange brom de [0190] A
m xture of acridine orange (2g, 7.53mmol) and
1 FRafliply DITOREH Mo dANAO- KT (IByeb,) 17 csfmnem)obenzene
(15nL) was heated at 110C overnj ght. Et QA g
a die dyp &2 H0B)EHSPIEPAIGEH BY mémgdk%arorwurg Chmake AGAG-2 from

D5 0 AR SRR ORISR i o, 10

b.@.0%mméY)epar ati on of AOCAO- 5 (Dye No 11 of Table
2) [0191] A mixture of 10-(8-bronpactyl)acridine

(oRagpier By amALS R D e R0 FEki 3750

0‘{@26?)] af -dye I)W@a% pRAHAEA B Puddh et Eiré@ﬁ@rettb @nake AOAO-2 from
product. Répeat precipitate from gave

t H8-(proathosypeatyliberiline e drangs i @1@@1@4@6mge O\ﬁ@nmol) and diamido-

of PR G of Hoo R B oL TR0 ' 7

(30ng) was synt hesi zed by using the procedure to nake
AB@male fr a® 10- (5- Bﬁpb@ﬁy@ent gfﬂ ) adDi-(QG(MNdangmno)propyl) -N,N-
chloride salt, (121nyg épan T?
di gmthﬁl)gawpaw&)axoﬁya Pegerdi @éhdgz(% @ 192shefy directly below)
Exanpl e 12: Preparati on of AOAO 8 (Dye No. 15 of Table
2) [0193] The d ) was synt hesi zed by using the
procedure t@o A o FOM
10- ( 5- car boxypent yl) acri di ne orange chloride salt
(241ng, 0. 58mmol ) +and pi perazi ne (20ng, 0.23mmol).

Exanpl e 13: Prepariti on? of ACAO-11 (Dye No. 18 of
Tabl e 2) [0194] Theydye (112ng) was synt hesi zed by
using the procedur® to make AOAO-2 from
10- (5- carboxypentyhfacridine orange chloride
sal t (180ng, 0. 43mmuoigwsand 1, 8- di ani no-oct ane (25ng,
0.17mmol ). Exanple 14: Preparation of ACAOC 12 (Dye No.
19 of Table 2)

[0204] A mixture of 10-(3-iodopropyl)acridine orange iodide (500mg, 0.89mmol) and
3-(N-t-Boc-amino)propyl-N,N-dimethylamine (1.8g, 8.9mmol) in CH3OH (50mL)

was refluxed overnight. After cooling down to room temperature, the precipitate was
collected by suction filtration and dried to a constant weight to give Dye No. 105 as

an orange solid (292mg).

Example 24: Preparation of 10-((((3-ammonium)propyl)-N,N-dimethyl)ammonium)
propyl acridine, trifluoroacetate salt (Dye No. 106, shown directly below)
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[0195] The dye (76 ng) was synthesized by using the
procedure to make ACAO-2 from

wAae06H9%w6F boxypent yl )acri di ne orange chl ori de B&l/US2006/009910
(147mg, 0.35mmol) and 2, 2" oxybi s(et hyl -am ne)
di hydrochl oride (2 mol ). Exanpl e 15:
Preparati on of A N I\}g 20 of Table 2) [0196]
The dye (64 ngf*3Ms syt hesi 2ed?by using the procedure
to make ACAO-2 from 1&(5-car boxypentyl)acridi ne
orange chloride salt ny, nmol ) and
4,7,10-trioxa-1, 13-trid cane‘%m%%z
Exanpl e 16: Preparati onyof
1,3-Di-((2-(N-t-Boc- aftismo) et hyl ) am nocar bonyl )
benzene (Dye No. 101, shown directly below) O O ~~N

YGoX05HDi NN ! 5 0491 ,
(0 Dy Y (ORI, D SIS ™ TR s The mixture
advuesdstirtedzat 0SGlfert 3 minftes. Thpholndbi vas coslcchB2@AYo dryness in vacuo
1. 1) 4n DVE.(2nl) .a t grature. The )

m %[%Eﬂg r"x)ﬁbdé‘es?if a}src1,1§81‘359 &) @M@@gﬁ b¢ golption es added dropwise to
M B0 e@0nAg didd R i3 fadmeh ifugati i

nono- t ogégt hyl enegxifeg% ne %’460%?@%&§¥nﬁ%frifug%ﬂnoe\%dd.dned o a
THONHRRY Weightia yacun torgieadD e Noollh dsenpeaegeisoid @8nig)i ght

and then partitioned between 1IN HCL1(100nL) 67 WO

e D e AP RONE Bve N BRE TR ) a1 e
c dfB06ietheatyga@Bmg) ye prepud eayvmg{%e%g g&dd(ag%fgﬁl)ﬂag& g«i\(’fAO-Z from

SQI:BL@ ?O éSO ),..and saturat ,

dri’éd A RRYBFHHY eNerangy chigride saly (flopg, CHQiESmMmel3 and Dye No.
pqt()gf@grgg’hy()mlﬁ ~chromat ography using Et OAc: hexanes

(9:1) as eluent to give the colorless solid product
(356rrgi. Exanpl e 17: Preparation of

1, Bxamiply 232 - Breparaéothed J(ath-@oPhtthlinydg)betylaaddine orange bromide salt

t 1 I On tiG. ac all (Dye No. 102, shown
di@&%ﬁz’y?%%gg bRl - NH--, ~i N2 0 0 2CF3CCRH
[0198] 1,3-di-((2-(Nt-Boc-am no)ethyl)am nocarbonyl)
benzene O. 79mol )  was added to TFA (5ml) at
0C. ThenxmxtUre™was stirred at OC for 1 hour and the
sol ution wag concentrated to dryness in vacuo. The
col orl ess ré&si dfie was dissolved in CH3OH (2nL) and

added dropwise 4o Et20 (30nmL). The precipitate was
coll ected I»

I'am ne (20ny, 0.09mmol).

[0207] A mixture of acridine orange (2g, 7.54mmol) and N-(6-
bromohexyl)phthalimide (4.7g, 15.1mmol) in chlorobenzene (20mL) was heated at
110°C for 2 days. EtOAc (50mL) was added and the suspension was heated to reflux
for 1 hour. After cooling down to room temperature, the product Dye No. 107 was

collected by suction filtration as an orange solid (3.76g).

Example 27: Preparation of 10-(5-((5—Carboxypentyl)aminocarbonyl)pentyl)acridine
orange, iodide (Dye No. 108, shown directly below)
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centrifugation and dried to a constant weight in vacuo
to give the solid product (425ng). Exanple 18:

wer@parwmds on of AOAOC-9 (Dye No. 16 of Tabl e 2)P¢ODUSBP6/009910

The dye (55nm) mas prepared by using the procedure to
make AQAO 2 f (5 car boxypentyl )acri di ne orange
chloride}f 6nnn|) and 1, 3-Di ((2-
an1noethy Ani nd c rbo nyr3benzene, trifluoroacetic acid
salt (50ny, 0.1 ). ,- Exanple 19: Preparation of
1,3-Di ((5-(N-t-B -an1no)pentyl)aninocarbonyl)

benzene (Dye Noo=103 hown irectly belomb 00

(H3C) 3C- O L- HN,,A“,T\,},TNYOF ‘-/--/"NH) LO C(CH3) 3
O O [0200] The dye (555nm) “was prepared according to
the procedure to make 1, 3-di-((2-

( MO208BcEE:NarG Oy, eﬂlﬁ@m)m}) rand aF BB y(8lbxgn AR Emmpbnwere added to a

ht hal 254 B
C SURRFERPh G (LB6ria o3 A A AR A R D a0 RS mmo) in
OfDl\JIFS?nQL y. (1fie Mﬁ@%@ﬁﬂﬂré@iﬂr@&ﬁ%@ﬁ&ﬁﬂu}m 28 Rfnutes. Addition of
trifluoro-acetic acid salt (Dye No. 104, shown

diBt2¥ (0.9mib3 | and) a 6lutign M%amwbwnmmz(éb%o@é@mol) in H,0
Q1) Ihe. d
F%g%w)fou%%e%%af@%mé% c‘gar‘sd réeﬁi;tf%%lqpr 0 utlrlr-eg 05,1 “hour and

Dyndd@tratb@4o deyalddhs vacud4 el r)dee(Wi@h@tu&led with H20 to give Dye
Preparation of ACAO 10 (Dye No. 17 of Table 2) [0202]

TH¥o. 0@ ag zpoigneswdiddd2ymekd by using the procedure to
make AQAO-2 from 10-(5-carboxypentyl)acridi ne orange

olﬁd‘gmlfge] %é ggﬁarﬁmﬁwgggg?% [Ear Bei%ypl:%@aa&&gﬂtg orange, chloride

2XDg¢ Nbabd% sRywh d2eadly behew )y e (150rrg) was prepar ed by
using the procedure to make AOCAG- 2 from
10- (5- car boxypentyl )acri di ne orange chl oride (166nyg,

0.40mmol ) and di ang d- dPEG di am ne (Quanta Bi odesi gn
of Powel |, Ohio) 0 0.15mml ). Exanple 23:
Prepar ati on 6€:X0- ( (\( 3- ("€'Boc- am no) propyl ) N, N-

di met hyl ) anmoni un) prQpylg- acri di ne, diiodide (Dye No.
105, shown directly el ow)

O
OH

[0209] A mixture of 10-(5-carboxypentyl)acridine orange (0.15g, 0.361mmol) and
sodium cyanide (35mg, 0.722mmol) in DMF (3mL) was stirred at room temperature
in open air for 2 days. CH;CN (10mL) was added and the resulting suspension was
stirred at room temperature 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 AOAO-12R (Dye No. 22 of Table 2)

[0210] EtsN (32uL, 0.23mmol) and TSTU (68mg, 0.227mmol) were added to 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-(ethylamine) dihydrochloride (16mg, 0.09mmol) followed.
The mixture was stirred at room temperature for 2 days. The solution was
concentrated to about 1lmL and EtOAc (2mL) was added. The precipitate was
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(HBO 2N + N N(CH3)2 N 21 HN ~O O C(CH3)3 [0204] A
m xture of 10-(3-iodopropyl)acridine orange iodide
W@ 2@6/099600. 89rmol ) and PCT/US2006/009910
3-(N-t-Boc-am no) propyl -N, N-di net hyl am ne (1. 8g,
F@l’[@&b‘d)b Qer@'ﬁ@ﬁh&?% pr rotRs W }&&%Nb‘deﬁlnDW and precipitated

After cooling down to roomtenperature, th
pRgin mlﬁldit@Amg givedDyeNbe2 #ya @Jk plugrsofid K54r 4mgphn and
dried to a constant weight to give Dye No. - 105 as an

1? E‘%P](eg n‘%oép%?ﬁ%‘%‘)r %fpgx % garg Itl)h 110 acraﬁ;dxgﬁlile%t% acr1d ne (Dye

1-
aqNo. dimehowi dfrbetbrdee) at e sal t Dye No. 106, shovvn
directly below) 69 WO 2006/ 099605 PCT/ US2006/ 009910
(H3C) 2N + N N(CH3) 2 J,\I ;thFSCOZ +H3N [ 0205] Dye No.
105 (50ngy, 0. 06mmol) added to TFA (2nL) at OC. The
m xture was stlrre t/ for 30 m nutes. The

3)2

sol ution was con®®traped 10 dryness in vacuo and the

resi due was dissolved pn CH30OH (3nlL). The sol ution was
added dropwise to Et20 (301) and the precipitate was

coll ected by centrifugation and dried to a constant

wei ght in vacuo to give Dye No. 106 as an orange solid
(28ng). Exanple 25: Preparation of AQAO 4 No. 10
ofl02ndb4e sﬂ)ltl@mzﬁ(ﬂyeﬂﬁe éIQSé (3@ez). OWaanp}r)elpa? d HppOs (ImL) was

19080 BLFREL PR BT Al R R BPin o M mpsaetugy he mixture was
(%&ﬂ@i t& > M0 ).2MHe Eﬁf&lﬁi@dte WO c1852had, b @afifuBdtlon and re-

npl e 26: Prep aratlon of

1@15§5]N?N1PGH3@HI (MSQﬂ))hEM‘§ OmIgi wis agdechard the satidprecipitate was
N?%téd%@g?‘?@é% (81 ﬁHc? ‘ﬁ'ﬂe&j bd & %Bhéfarﬁ%quﬂt RGN &lve Dye No.

110 as a dark pink solid (20.4mg).

Example 31: Preparation of N-Carboxypentyl thiazole orange (shown directly below)

s —
N—CH N/\/\/\q,o
N\* OH
Br

[0212] The dye was prepared using published procedure (Carreon, et al., Org. Let.
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)ethyl)aminocarbonyl)pentyl)

acridine orange chloride salt (Dye No. 111, shown directly below)
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[0207] A mi xture of acridine orange (2g, 7.54mmol) and

N- (6- bronohexyl)phthalimde (4.7g, 15.1mmol) in
wehdoengsenzene (201) was heated at 110C for PCHEYHN6/009910

Et OAc (50nL) was added and the suspension was heat ed

to reflux for After cooling down to room

t enper at ur eg=od et Dye No. 107 was collected by

suction filtratiod as an orange solid (3.76g). Exanple

27: Preparation o

10- ( 5- (( 5- Car boxyPp ﬁ\w*l\,}@m*amocmbonyl ypentyl)acridine

orange, iodide (Dye No.° 108, s directly below) 70

WO 2006/ 099605 PCT/ US2006/ 009910 (H3C)2N + N N(CH3) 2

06214 'ﬁ‘fl)bp(i 8lo, Frmilok) 4Hd: T§r@8g23@1n)g, {mEsILY wetd Mded to a

0. 27mml”) were added to“"a suspension of

1 Gugpbasian o XPpEGrtaytoxaperityl)aveidircaorgege khloridel €3¢200g; nfly73mmol) in

0 [ DME (3nl)...Th i Xt ti t.

¢ SO aar dGrBLFYE 8 S el O dPPaRUGF ok gyRinuies. The
(Qadifibh RN (350 i) A RfonB- 18O AR AmiAS (50 METY.92 mmol)
0.51Immol ) 1n H2O " (1nmL) followed. The m xture was

stfoltavexd. eTher ouitwre npay atieé dtorooin Hemperatwde for 1 hour and then
DRGSR B bl P ot i R RS it an

S QkdcbifaledohP)the B¥aMBh O2BIOARE §DGNRS. PRe Plecipitate was collected by
9- Cyano- 10-(5- car boxypentyl )acridi ne orange, chloride

( bymirifigationend diieive adionstent weibkd togjvedRye Nptd)loay axange solid (365
N%nCIjB)Z Cl OOH[0209] A nmixture of

1 % 5- car boxypentyl )acridi ne orange (0.15g, 0.361mmol)

and sodium cyanide (35ng, 0.722mmol) in DMF (3nlL) was

S tHxﬁﬁtpfb B4 ; 0 mpae%tgmg affu ge-(ﬁ J}((E-Apﬁililorﬁﬁmeiﬂlpf)arﬂhﬂagmbonyl)pentyl)
CH3CN (10nL) was added and the resulting su nsi on
wasridige prangey tHflupigacatate (3Es NoHE: plipwn ditesy Dok dar k
bl ue precipitate was collected by centrifugation and

dried to a const hght in vacuo to give Dye No.
109 (130nm). (HaC)zNwN(CHa)a

TN 5 CRCOy

[0215] Dye No. 111 (347mg, 622mmol) was added in one portion to trifluoroacetic
acid (3 mL) at 5°C. The mixture was stirred at 5°C for 1 hour and concentrated to
dryness in vacuo. The residue was dissolved in CH3;OH (3mL) and added dropwise to
Et;O (50mL). The precipitate was collected by centrifugation to give Dye No. 112 as
orange solid (297mg).

Example 35: Preparation of AOTO-3 (Dye No. 23 of Table 2)

[0216] EtzN (20pL, 0.142mmol) and TSTU (42.2mg, 0.142mmol) were added to a
solution of N-carboxypentylthiazole orange (62mg, 0.142mmol) in DMF (1mL). The
mixture was stirred at room temperature for 15 minutes. Addition of Et;N (70uL) and
Dye No. 112 (50mg, 0.095mmol) followed. The mixture was stirred at room
temperature for 2 hours and then concentrated to dryness ir vacuo. The residue was

re-dissolved in DMF (ImL) and EtOAc (2mL) was added. The precipitate was
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Exanpl e 29: Preparati on of AOAO 12R (Dye No. 22 of

Tabl e 2) [0210] Et3N (32L, 0.23nmol) and TSTU (68ng,
w@:2@8/Mmsos ) were added to a solution of Dye NeCT/LOE06/009910

(98.3ng, 0.223mm1) in DVF (2nl) at room tenperature.

Theolhdctetl Uye casgfughiic. Gtk &tea iR%BA A 1
m nutes. Addi t |%1§ of Et (j ﬁ IMEUnd BOAC gave the

2, Bros B%)?Bloﬁan@ét‘?fi/fﬁ%ﬁ(ﬁ@ﬂmb hydr ochl or| de (16ny,

O 09mol ) followed. The m xture was stirred at room

| TR St R YO TI TN G gapcent ot o
pr E)@ilﬂ The dyanl9.4nit) WO p2€REIAIHIENE REDIIISINEH 0RARKYe AOAO-2

i on. The product

co% ct eIcI(L 2ﬁ_bcent r| Eﬂ%t was
sso & Oy ecPBRESt ed4edg n WOZA4ENDAY)  and
t OQ 910\*919 %ﬁl}i}@nmg)?dlﬁ%@cﬁi@ﬁ&e Bllshey @@859}1&0@)‘} 4ng) .

Exanpl e 3 Preparation of
9- Am naocar bonyl - 10- (5- car boxyphent yl ) acri di ne (Dye

NoExample 3¢ Byapatsition of TP (HIER)-120(Ie No. zsrﬁo;am 2y / N+
N 2 |
0. (O rhd b (sb Bl pP bt 63 hsble it Brokiut MRtaigepie AOAO-2

dat‘ycsm Iiichbox grmealbyl tazdts\blut GCHREN, LEAREORE. YR, 6 18517 (2004
ture was @dded to Et 20Q 10m_ Theggiemgn(?gte vSa ); and

MSRRetf Bl Nurferc AggaReor? @27 dil £n0CHRGRI0l) and
i d
(12 @r&ﬁ}bm }%nlﬁg)och'x%drm 3 Ce%gl %3%‘1%161&5 '

preci pitate was ecte on and dri ed
to a constant weight in vacuo to give Dye No. 110 as

a Emnmlmﬁ&kP@panadom 2OTAHY OB (PyecNB 126 ¢ Bapdy 2t | on of

CIEANERER G ) BAS plradisd Diveiniy 6 s jumihesize AOAO-2

usﬂcrn@ Nudakbaipentpr qm%u@ebm@a 7 08it73 t ]
6(4), 517 (2004)). Exanpl e 5o @?% ar at ?13?101%%@ cf fliamino-N

( By ﬂél-p@@yl@fmm’aﬂloglgzp 0p62aRY). The dye (354ng) was
prepared using the procedure to synthesize AOAO 2

; 194 h%gg&&ag%y 'r?gtlb' (gg%8\1-8-53%%Ch?niﬁé‘)_%@%l)anllin%‘éﬁ'g&'l}l)pemyl)

-acridine orange, chloride (Dye No. 113, shown directly below)

{HsC)oN N7 N(CHg),

Q

ﬁ/\/\/\NHJLOC(cHa)3 Cr

[0220] The dye (280mg) was prepared by using the procedure to synthesize Dye No.

111 from 10-(5-carboxypentyl)acridine orange chloride (200mg, 0.483mmol) and
mono t-BOC-cadaverine (130mg, 0.628mmol).

Example 40: Preparation of 10-(5-((S-ammoniumpentyl)aminocarbonyl)pentyl)

acridine orange, trifluoroacetate (Dye No. 114, shown directly below)

(HgO)aN NG N(CH)a

s

II:]l/\/\/\NH3+ ) CF3CO2..
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Exanpl e 33: Preparation of

10- (5-((2-(N-t-Boc-am no) et hyl ) am nocar bonyl ) pentyl)
w@eosdyases or ange chl oride salt (Dye No. 111, SPOIMIS2006/009910

directly below 72 WO 2006/ 099605 PCT/ US2006/ 009910

( ;%265)1? @g@m (%4%%%@%@:@ bpuﬁln% [t@@ﬂl%kecﬁré”% synéheglze Dye

76mmol and TST 6nmmol wer e

trNcalléﬁere]ﬁSﬁ Hﬁ b3 (2601@5;@667mmybent yl )acrl di ne
orange chloride (302nmg, O0.73mml) in DW (3nL). The

e e TR

t {6X22] ahbydoapedharRag) ad prgpardll B wsing fhe protddovech synthesize
The m xture was stirred at mtenﬁg atu gef r. 1 hour,
afO T Ash fromy roamouge eljot 41 ﬂr&é G A dhe rosamine dye

o Bl B (R M ool D B tat 6 vas

collected by centrifugation and dried to a constant
vvéixghlplet@ gﬁbﬁ@rliapee hied fladrescasceoofdPMA QG end A0ABS ny) .

003 (3 Shorrb R rResO 75 nhovg i Bighis 3 ph ey 3 and fluorescence

a‘éfﬂlﬁhdhesp%ﬁﬁl I8 shdvid ik PIRRE et af DNIRCE ahlo A@Aa 7,5WeMNmeasured

di rectly "bel ow) D}I\&HSC ) 2N N( CH3)2 H~' NH3+ 2 CF3C02

[ Gepasytelpywithaut DNA preseneqy o @2 1) piRsenca ddeg/minofosadmon sperm
t t

PARSAP ot e AR IELpe BTl e halsl o B gn optca

t @endtyydfe®S5 an495A0m0 Thd Bpeduasiete @omasliztid g6 dl metle bsorbance plot.
and added dropwi se to  FEt20

CH3OH (3nL
prlkéatimgttat S AGA0E eshibey acasit shorigy éﬁ%’vslﬁng% rgp@ @t 471 nm in
DY 6sd¥Banct éﬁldgc?tlg%?@%g?%‘y bﬁ%&%ldn@(ﬁﬁﬁbﬁeéf’wlthlf AOAO-7.

Prepar at | Table 2
EtU3n( BifitlingOtol B nabsprimndesTST AQAQ-2agd DM raloiwpd Snm- and

were ad to a ol.uti on. of N carbo | thiazple
orLFGE e S5 eopeLASMCIeTALvR ‘D Ve LA FHGiesihet BF Be A0AO-7
VS a6ty Bfhe@lowQORhh SHER I ASMAD. f'FHe Ibwefbatlt®Sund fluorescence of
Addition of Et3N (70L) and Dye No. 112 (50ng

0.4080nbis)adventhgaoud in Tabtime gPGRe Emsﬂ@tmww Dt aprispg monomer

{SPDESRBU & A0 B RRYETAA% (AALERNERTEARGHAS: of 4gA0-7 no

ggﬂﬁ-ger atehdibDéech( Gty whasbagidad DNAandree lipkdrafeewswasthe two did

not exhibit negative effect on the quantum yield.

Example 43: Absorbance spectra of TOTO-1 and TOTO3

[0224] In a similar manner to that described in connection 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 spectra 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 a hairpin structure, while TOTO-1,
which has multiple positive charges, has less spectral shift. As shown in Figure 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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WD 2006/ 099605 PCT/ US2006/ 009910 col |l ected by
centrifugation. Repeated precipitation from DM and

wE@boIgeve the product as orange red solid (BOT/GUSIP6/009910
Exanpl e 36: Preparation of TOTO- 12 (Dye No. 24 of

Tﬁg |u§o@))ir[d@r?g1%] DN afl ehd HtHATOLOMR End TENU-8CtolY sitBildidypes of
th rocedure to synthesize ACAG-2 from

NDNAAdys gpoples¢s: hi azol e orange (94.5ng, 0.2145nmp1)
and 2, 2' oxybi s(ethyl am ne) dihydrochl oride (15nyg,

(B RRE A, i OB oA ORERE RO lo fiffdhy shila b pva
P62 qlie Bvotesédn@e bNE.1IMROA012 in H0OAiIDeSPBS iAGRGresence of 0,
from N-carboxypentyl thazole blue (Carreon, et al.

00d. 0210.4,60.6) 0.85 170, (20049; 68n8.0 BethdBrue/mi fimal concentrations of

Nucl ei ¢ _Aci s. 21(24 5727 (1993 ong, .- .

0" SuBmatTmaRS o 3 B B R GRRE Jipisatie ver
( ERABure® R @ 3NToRIter P8 aHder GpectiiMpasebiotituldi Devices Corporation
TQ(3) TQ(3 No. 26 of Table 2) [0219] The dye

(# .rﬂlygjylez/v@é)é)%ggrfbwrweq;gi as thettedr Mr@NﬁO concentration, as
?%gén%r? ?%ﬁ%]}ém gan {)é ggnyhgt?’hg)%é%g&%ﬁﬂeaﬂ? 'r@sf)gh&dbtlo YSNA up to

and

metongdi (RO Wt digHRE codMBratichsAFIDNAL the feXpunivt ®edie non-linear.

Pr epar ati on "of

1AQA0¢IBtyaescepmoraintensyyaritep boand Hodetbo sijandsd NA fhan when

BFd )t RN N NGe)2 o H-NAGO ) 3

C [0220] The dye (280ng) was prepared by using the
pBxasply 45: t Comparingeigmbstyngtisof AQAQ-¥2 ot SYBR Green I in gPCR

o oS, SxRie st e GAORTE Haopisb g AGAUE2 to SYBR
Cl) 6ﬁ% ¥ruofesaimRE &I lst’?ér%ﬂ?'h?hi’@ﬂ. @fl] real-time amplifications were

5- ((5-amoni unpent yl') am nocar bonyl ) pent yl )
aperfdimel or 201de reactipn Isolutiom cematising PeMolris fpH 8dhowpmM KCl,

7 oYk o a8bs k! Aol oo ol Ayt ThyS rifyfictse an

1 Fbste? THYYIC AR End KBRS BorR¥ntdiond dfhe flRbRSEMY MordiRring dye. An
synt hesi Zze Dye No. 112 from Dye No. 113 (280ng1

0. AEPBnfrsigmenEL(SHQ| 1 NO: b} épal KPQ plasmihore amplified with 0.5uM
2 o ard 2Bk GerP)s -GAGGTCTTCACAGGTCATA-3’ (SEQ ID NO: 2), 0.5uM
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 measured at the 55°C stage. Consistent with an earlier report (Nath, K., et al.,
Effects of ethidium bromide and SYBR Green I on different polymerase chain
reaction systems, J. Biochem Biophys Methods 42, 15 (2000)), SYBR Green I
exhibited inhibition to PCR reactions, as shown in Figure 8, where Ct was delayed at
higher SYBR Green I concentrations. Relative to SYBR Green I concentrations,
higher concentrations of AOAQ-12 could be added to reactions without exhibiting
inhibition. As a result, the final fluorescence strength with AOAO-12 could be several

folds higher, allowing for more sensitive detection. Alternatively, with AOAO-12, a
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[0222] The conpound (29ng) was prepared by using the
procedure to synthesize AOTO-3 from conpound No. 114

W@ 39899605 061mmol ) and the rosam ne dye ( Bi ot PCIUS100€009910
(Hayward, CA)) (40ng, 0.063mml). Exanple 42:

ARSQEhRNER Midall deViRE @56IMNRAIsd iPMBEhANTc m@@ﬂroh{é?ezsﬂleadmg to

The absor bance spectra, as shown in Figure 2 and
Fiﬁgﬁllﬁ@e&SlVamtmm@mSescence em ssion spectra, as shown
in Figure 4, of DMAO and AOAO- 7, were neasured

S%&?ﬂ;ﬂﬁ# ey T‘ﬁ%\b&%f@%rpf} feHNAL With DNA presence

of ‘sal mon sperm , 1'n"PBS buffer. Al dye
C OR291 tAmaglifivagonse v a AABC sfragindnd (FEQVIRIN@NS) |fmnr: Abman genomic

density of Q.05 at 495 nm The spectra were i zed
t ®NA were pert: %seérlwéﬁrc@ng}tws r4¢ ihpse 8¢ 61 Eg%eﬂ-‘f with

exfihdl §¥BR E‘ﬁ 1ﬁzﬁr %'oﬁ bR J@e@Snﬁlt cOrfespBhad fb an optical

absor bance, tlng aggr eg |ono The “two acri di ne
nﬂammgr(sf @\Dﬁ}l 0:r ARGAS 7.025)Upn ACAAdRn@inalbo Apisis; 0.1), except that (1)

TPRdsSi ped SEEpaRrvEI g O eral P IS MRS RELATRACC S (5BQ
The N@%rﬁa@emmfrdmw@e@ﬁms ZEPQUDINO! I®3 were used, and

| ower than that of DMAO The | ower background

f |(2:)oa égt@@n@lél@foldﬁﬁmu@ons P& hyonan RMYewsuecd 2 theaPmplaies. Figure 8
| § C‘T’ glglg %&#or eﬁggnm%% gﬁé Hﬁl&n;?ﬁﬂ i co&es ’%%szan DNA

Icatl at two

0fdoREACI1T copies titig evitlOSEBRG@ e Aohwith FEDAGRED ’Ibmumd:t Blo:ows that
DNA and the |linker between the two did, not_ exhibit
nélgeaﬂt vealuer iseraversibly reertglatach wathythe lagarithainpf etarig copy number

ARG 08 A o TR SRR

Exaeipdte. 42, the absorbance spectra of TOTO-1 and
TOTO- 3 were neasured without DNA presence, as shown

Rl "1 iRt B, PORDARER gPERCRad bt fer A
S eY#3] iThidleQathfle SdenhdiRirate§ thé Qm@fov‘éh g.éfépeey @Y €BOTO-12 over TO
indicate that TOTO-3, which has BRI that is

néliazele orangubux agyninaditig cyanias dlye) qclsoE@TOvJe in gRGRyeNl real-time
for an.intranol ecul

AR iR faF Be Fisps T iiaRte S st PP TOMQ- ga TOTO-
cflar gefe ubls AesHowpeat Figlres i f trommbmnpietety Fitgbitel the PCR
6, the absorption spectra of both TOTO 1
i Aeackenpiéde f@ T Q12D es HRPOVEd Claioh impiEecs g.‘hlerescence intensity

p%@%ﬁ%@gﬂ T Qﬁi g%l's @ﬂ%m-%ggigﬁ%gég g%egls%{lﬁéffér Y6 €a& of the TO and

P(IUT!SQL&Q@SOO%lO up upon binding to DNA, and that
both TOTO-1 and TOTO-3 formsimlar types of DNA-dye

YRR ShPRuPs i IR el 00 12 1

[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
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 the

excitation set at 490nm and the emission collected at 530nm, or Ex490/Em530, or in
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[0225] The fluorescence of 0.1 M AQAOC 12 in 200nL of

PBS in the presence of 0, 0.1, 0.2, 0.4, 0.6, 0.8,
wa2@s/o605 4.0, 6.0, 8.0 and 10 g/m fi nal PCT/US2006/009910

concentrations of salnon sperm DNA or a m xture of

S CRGAR] St @:%S'so’/ﬁﬁi%éo Ol § ORGP HOHEBIER S LEE‘&ﬁMh@Q (Hercules,
on a mcrotiter plate reader (SpectraMax of Ml ecul a

DEW)c byt @mi;p(w@klyom nggmlyQI AlEs)2Q@EMS 70  data not shown) As the

R e S g —

| dpeeadisituess PANGERO, anWWrhoert & the2repafted dylel nset ) . At
hi gher concentrations of DNA, the response becane

non-linear. AOAO 12 flugresces nore intensely when
bEgmAPked % diRseradinter e dPRRA 8 Rahen  bound to

. @g’%’lﬁ 8{%&%&% @1%3 @R hgg‘r?]m’ In qlzcgg r}?i(%% }{eal time

Thmghﬁaaamnls evetke paxrfisrhred tag sn ER@mplerfe rexcapt jhiad MR@ -Jowith an optical

gt AR AU i e e sS4 i Fiure 14,

p%dmﬂmay Be %Qéd éffe%ﬁ{fél? Be %%d&b'rﬁéhlﬁ)?'ﬂﬁé%ﬁ@l@ Qealag&M:ourse and to
Tris (pH 8.0), mM MgCl2, 2iM each

d Nateet ﬁundniltmglqur@f Oﬂﬂm amalcpoml\mnm) ;Trherfatyhng ABtt, thls qPCR was

F et S v R AR SRR ARt ety T

NECRL)DdtettiBR BYatdih 456 IBERad fmibbfdt@ﬁbsV\(Hé}cﬁeé_D |\ICA rovides an
forward prinmer 5' -GAGGITCTTCACAGGTCATA-3" (SEQ

2yxamplg atr%m@sts@lym&yw d@lm@vcyrq‘@m@f\mﬁm@ﬂsred( igtacp DNA

e s S BBl FRLTEA U B8 R e o

9GECRahodiforirC A @r@aﬂtatnoeﬂranﬁﬁﬁ:obam tseof ANbes W@ whhich occupy
duration at 72C. Fl uok‘?scence 3 sured at the 55C
Qid pe 3

sgtamecshends Gt SV RIG g Lottt PiEsaaih 10 e ¥ gfauence.
k]?eCIfl(E%IfO%Qt cRhs Qtﬂ&hgiﬁlﬁ e AR s&ﬁt@n&Y n@e@ﬁi& dyeQ different

pol yner ase ain feactioh syste
BrovbtlengtBi eptly sis MAOREHS, 42, qPTR,( #DEBID theS‘pBFberwmdels sequence
exhlbtedl tion to P react ons wn i n .
F PP o e i PSS BT B R Pl g melting
C glftfys_l ons. Relative to SYBR Green |
concentrations, higher concentrations of AQAO 12
coul d be added to reactions w thout exhibiting

| Krprmple W Mpléing peasunenitorgiewith AIA@Zor escence
al (f%w? §§’]¥%t @reAfPD‘p Vqlgs (f?ﬁ%rf%d b fo eV %ﬁ%ntag 8{19 s‘1nh ﬂgitﬂ Cthe melting

nmor e sensi ve det ect ternatively
WenlipeAdDiee- df2an mpl?@n%ﬂ&%ddﬁ&%ﬂ&ftd?@?ﬂﬁﬁﬁﬁﬁﬁmﬁ1’Dhe melting
| ess sensitive opt. .device cquld be used in thernma

C
c e URel RIGYRR a8l RS iipr, ont decemBiERe py i 1 a Tanction of
'Dﬁ%t SR GC BRATPOEME Amplitdd. 34 RR1tAs (EMPBRANTE YN Ebe collected

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 Figure 15. The melting peaks collected
with AOAO-12 correlated well with those collected with SYBR Green 1. As AOAO-
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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[0227] Amplifications of a UBC fragnent (SEQ ID NO 8)
from human genomi ¢ DNA were perforned under

waeoendiogdeohns simlar to those set forth i n ExanptBULH06/009910

with either SYBR Geen | (final absorption peak at

4?5)51@11%%1“ eSRAAARIIR AMORDL- P?Eoulﬂ Eb'ésdsﬁél iR fed) tAEPPCR reactions,
A495 025) or ACAO 12 (final A495 = 0.1), except

t hnmitlr(glpeaksl alfeemeﬂ{edl‘yo highed Hmdatevéqm@lsprmerrﬁwesreé@tvs utility of
( AAGACCATCACC-3' (SEQ ID NGO 9) and

5' - TTTGITGAA-3' (SEQ ID NO 10)) were used,

and (2) a series of 10-fold dilutions of human DNA

S §02324l I2Bas bexn! RPPtét gt qPTBUfeactfons SHOhS YBR Gt dtiéraito form
plots of the reactions starting with 105 copies of

hmfﬂmﬁfs’d% theo tel’@eWplse@(’ ¥ Helptedi onthevaomeegtesiqn of SYBR
Ol aﬂea Shat eBRY bll'icﬂeto%N’AaLdJ ﬁgh@y that it

reverS|by corre ate e logarithmot startin
C emyrferasriveth thwperlfmnmdce/\nof H‘ahoDNPdpeblmeMSéOKBZA%O -12 has less
eV|dentIy rior

< B DRAS i teateronpe shorcst 5 LIEyialt R ProRprgiREA0AO-12 s
[ Q%%%llt E%SF@EE@“@ &n @l@dﬁﬁ@ﬁl\@ﬁ@ uipf€ichtit RYEEbHOME 'Présence of

over TO (thiazole orange, an asymetric
C)Sé:fBR] é}rdgne) haspan FOTOpdimen dqmeealo,] Whﬂ@ the- sampeamphflcatlon in the

anplific rf rmsd xcept
R e e e T o SN S
Flgure 11 TOTO- 1 conpletely inhibited the PCR
reaction, while TOTO 12 gave inproved C and inproved

f Ip4Q C@tabﬂllbﬁélSAO)AO dpkative to TO in gPCR The
TOTO 12 dineric e is superior to each of the TO and

Tcm;i?d Ty extabilityofpdimenis: dyph sompryiag mongmerigoh @stesmdeunonstrated.

ofs A e [ r

| épes?ﬁl%&ai%ﬁﬁﬁ-%%@@?ﬁ}“ﬂl BOR hitfn pbecep Binf PERL pidfitrs. The
OfmiAGIROwAs ikt d tta ePC db0M@ ntinutes) Didngothe deating oéur@eg/thé mixture
of sal non sperm DNA in PBS buffer, as shown i F| %éum Figure

1 2vasTHeUgH{ do8ingie @%@&rreilwf) mopfen.the Hggrescange-
Sq%mAbﬁd: L YULCselife AN 9% 5 YEF oY ﬂﬁﬁ?ﬁ@ugs\rﬁggt?g@@y without loss of

i Ses a nmononeric ye and a
n (fmomscélmecT]aa:dadia denemsint tROabpetnessOIARADSEL imrP(PRaks,
cont ri buted by AO and RO noi eties, respectively, were

A N S Gt o

0334] OheC ODED) Fas g;!hﬁl&d Q6inEAHO PLdceBE® , to Cslynthﬁsmg AOAO-2
2006/ 09 60? % USZ 06/ 00 leonghgnnel 3 Wt

ExBsoNavt/30f Tae ) @wm%@rbq)@mwbﬂwlqa@ag%{m&n@s 0.23mmole)
( CESSHP R BT} 24P B P RRp RTOSE, Frmote)

Example 53: Preparation of N-(5-carboxypentyl)-4-(4-(dimethylamino)styryl)
pyridinium bromide

[0235] 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 to
dryness 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-19 (Dye No. 31 of Table 2)
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fl uorescence resonance energy transfer (FRET) effect

is negligible, either nononeric dye constituent, AO
W@r00R@Y96eEN be chosen as the reporter dye. Exam@i/es2086/009910

Heter odi mer dye AORO- 7 in gPCR [0230] The exanple

ff[*hétd?y% {d5Rngit fvhi trﬁf o;%fredA‘Qs:ng7thk: I@E’éaﬁre R@%rebarQEAOAo 2
arrpl iTicati'ons were as 1 n anp exce
t (iIaXammRO% wirom adV- Cﬁpcarb@typemerl)sdr (@(@memy@ggn@bty@ﬂ%demm

B S wﬁ@f.lﬁéfyamiéd "B Pae B hfytamine

q Rfride (ﬁﬁ? detect the nelting curve
o?ﬁ?rd}fe arrpf [ g%n |nset)6 iFhe finding that this gPCR

was nonitored in Channel 3 (Ex580/ EmSB])9 on an i Cycle
I @meteliﬁl Brepatagion RESTSTi27(Dypd¥e. BB10Edebled) Syst em from

I{‘%%E?g‘ cg't% r@]&%%%S %ﬁgf%)lélre usdxgé)thgr Nde\g\g@eﬁnﬁrepﬁre AOAO-2

1€ ai TYor @dni N (R cdbéxypetigF4-e4- (cﬁmethytanﬁii?ﬁ)gtybyl)pyrldlmum
rreth s di scl osed herein, thus w deni n% the spectral

ubteomlép (Egammpie 58n (200 mgg0.Smmeleloansh 7, lpxwé&iédﬁdecanedlamme
p %MI or VIC, which occupy the same channels
K@%@%me It woul d be advant ageous to use a
sequence- specific-probe, such as a TagMan probe, and

a [62391 &0 osefulodyes psech fas @ diyeeriofdydi ¢1f 2 temeric \A}arv,eh@n@qen described

h CR, V\/n
g{?b‘ﬁi eﬁl%geéﬁ |112;5|Yt Vgnanxeﬂ hg‘éfkg%&r gg%ra ehgrroper%es such as

p?élﬁ‘tﬁ%qfrﬁﬁpfbaﬁﬁﬁo@ﬁﬂﬂ fEBsceides NreidiveB 16WIPCR  inhibition, good
t enper autres. rrE'Ie 50: l\/bltlng peaks nonitored with

A@ﬂQIeiQeI{t oig8al|strevEi, aadegond stahaliy.rfeperanele1@enseally, a dye having at

AR LE05 R e Pl Bhaollefe 4L b EorgbER SR pg s use in the

Tf[kﬂ)eﬁﬁgtdf%othtaﬁ AR cle) Ta&dmueldlﬁa&e\/iﬁl thekleesciion of I‘thft ipeasence or
about the anplicon, as it is_a function of the g
anbisemee cefn BBfleico aCifh don mErmplsn . Fiuiere ERAYLY, such”a”dye that is

t%ﬂ@s@éﬁfaﬁ&%ﬁ% ?lmlgsbﬁ ot eﬁ&rﬁgefroM Q%QHW such as use in PCR

react i on Fng curves “f rom 'l cons, i.e.
HifgseefsBEQr i3 inNbe dét):ctlcRPd)ﬂthé ﬁE@eﬂldB d@bsdice OSthle(c%@ or use in

TBP_( i were measured from
réléél't‘ti%‘ﬁ%e rﬁaptPF‘F EQ& ?‘?"f%‘ esence of AOAO 12 (Panel
A) or SYBR Green (Panel B) and are presented in

Figgny "F Alﬁumﬁé}%méﬁﬂ Bind2RHE tRkHE ay&@thaveibbén A6BEbIL By way of
correlated well with those collected with SYBR G een

| expwplaoadye 1121tb$ pititbIONRT WP YaeTHi qgRivgRHomWith, pijtabplingsof, another

N L e e
Gdgenhat 18 sﬂf@b%@ﬂ@ﬁ@@n@tlﬁ@é%ﬁé@&ﬁﬁ&@ﬂ&lﬁ tucleds acid in a sample

hi gher concentrations of AQAO 1 cgulé‘j b% used.i L0 real :
t ithat TPRROT By 10§ gemprise nucleic acid; an ye 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 method 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 formation or a lack thereof in a sample, which comprises
a suitable dye of the present invention, and a suitable composition sufficient for

amplification of a target nucleic acid in a sample should it comprise a target nucleic
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mel ting peaks are markedly higher. The data
denonstrate the relative utility of AOQAO 12. [0232]
w0 poohagsheen reported that gPCR reacti ons w t hPEGYBR006/009910

Geen | tend to form priner-dinmers, and the tendency

' acifll RIBh¥nipdliad Eéfefno ad Eean?q{it:@d}ﬁ\}?rﬁﬁé’ﬁ cOhpSIRSh LRGN herein
. It has been postu ated that SYBR G een F binds to

Dmthas usefhapglication. it interferes with the

performance of Taqg DNA polynerase As AQAO 12 has | ess

af[(;ﬂg. ta‘%‘%r%o%s %éfl%&?%ﬁl%r ces? g% ﬁga%unu%aeg(s?s dsetru(ctl%res relating to

Filgudesciliption Mefehiainalyhise Dabﬁﬁ:am&p lak fvritiabé esudilgaappheit itd those of

the presence of SYBR Green | has an extra, pri_ner

dediegy pgdll inne| @ity RO Jawewnpf ithe éﬁ?‘ilf}ﬁaqoﬂ tYagious references,

p f hi a
S Eem ?gnsge é%&a g‘? ht@‘t’ gb?{?lt }ﬁi 1 8% dy esforélglql patent
[ 6@ Rptidinee asd/albUhiltetdyStafes or freeign pdi;ems hz{mfmems ldﬂ:gtlfled herem each

nono i ¢ .AO was nonstrated., i.fi cal
RE R S e JETR Ah 1% FRIEL B fHS PRRCp JR0QS Sepects and
T!P@aturgé ¥y rlﬁvé’\’ﬁéenh&ﬁ‘ﬂﬁgeé & SREribr m%laﬁbﬁ”’zﬁ ﬁﬁder@h‘ﬁdlﬁ‘& beliefs,

eatlng cour se, the m xture was roug ht down
6@1@0bp$, afdgrlying pesinpsions, adfor yorking e quophisic @h@lmles,nalthough it

O 12
it bE el A5 e o0 Haindhe ifick Mgl vy g8 sgomption
dan@Bswoikise bNsroplRdtieixBRBE i hotKiding 2AitHou3ERhe fxddiiglapects and
52: Preparation of TOTO- 13 (Dye No. 29 of Table 2)
[ dezburps Taee pen deseribed Wil r¢speqtatioearingis rgnipqséments "and examples
‘h&% yid x‘?zﬂLBe ﬁX&H{lS?d ftf%t 2‘9{’;& Samé E@/Sot'(}'%lﬁl he' Qfith! ARb&t 43 the full

from Rk car or an

0 sehpirad ltle) app(aﬁiedmtxilﬁlsS 1) and
4,7,10-trioxa-1, 13-tri decanedi am ne (23ng, O0.1nole).
Exanpl e 53: Preparation of

N- ( 5- car boxypentyl ) -4-(4- (di net hyl am no) styryl)

pyri di ni um brom de [0235] A mixture of

ANN- di et hyl am nobenzal dehyde (3g, 20mmol es), N-(5-
car boxy- pentyl ) pi col i nium brom de (5.6g, 20mmol es) and
pi peridine (2mL) in ethanol (100m.) was heated at 60
C overnight. The m xture was evaporated to dryness in
vacuo. The residue was redissolved in nmethanol and
then precipitated with ether to give the product
(6.79). [0236] Exanple 54: Preparation of STST-19 (Dye
No. 31 of Table 2) 79 WO 2006/ 099605

PCT/ US2006/ 009910 [0237] The dye (85ng) was prepared
using the procedure to prepare ACAO-2 (Exanple 7)
from

N- (5- car boxypentyl ) -4-(4-(di net hyl am no)styryl)pyridin
ium
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brom de (Exanple 53) (200 ng, 0.5mmole) and
2,2'-oxybi s(ethyl am ne) di hydrochl oride (36ng,
w@2@aoelees) . Exanpl e 55: Preparation of STST- 20CT/Dym®06/009910
No. 30 of Table 2) [0238] The dye (81.8ng) was
prepared using the procedurer gy epare ACAGC 2
(Exanple 7) from
N- (5- car boxypentyl )-4-(4-(di methyl am no)styryl)pyridin
| um bl onAdaethps apsletermd)ing zmglemgamcb formasion) oramdack thereof in a
0-trioxa-1, 13- irldecane amn

tléaé)m y[06 é%ag] 10} COTNPESE 2 et ngﬁglﬁ(agﬂdngle dneth?(? cona;))/nsmg

or at btdelhgl addse sol8sn beaprisie ?q{el faathle Mel eflooreSesahneacleic acid
dye have any of a nunber of desirable properties,

s GE‘P) ﬂé\%ﬂu(?féﬂicﬁtl‘i npsleje raddpabrgre hsdormuar escence,
relatively | ow PCR inhibition, good fluorescent
signal strengt d] good. st abi I'i ty, for exanple.
Gener al 1y, a rﬁﬁa@ gv- ng % nost one positive charge
may have any of a nunber of applications, such as use

0 h%.%gn #éﬁ@g{l}l lg%l %{bs?lﬁgt I&er i l ecul st’agtgélgrn eu ra ARkt c%mprlsmg

n%hﬁats‘ouaglt@l ab&12156 ndfyEroge @tdﬁw ngeaenyabbmmc kelected from
dye that is substantially neutral has any of a

n anflaeresenh ppcieicatacion dlye serantitzenty s nop-fhorescat opedaigsacid dye
8#5%'?“”? tlﬂﬁ)r%?érﬁgghﬁlgﬁcféﬁc sé%gfdfé ERENiEnOhn f?ﬁgﬁgg&&%cem non-

f(imcleicamidi &lye [ ébadithent; rmnisea dyt mefﬁmbntdsdlmntd(b franda fluorescent
trimeric dyes have, been descri bed. By 1 ﬁxa
0

anag;lélq Aeif f¥e conyiiteané poRoR-Hyoressent d’é‘ﬁ eth é‘ﬂ

1o RREI: Y ng\cleﬁnzﬂﬁch B¥e c&psltl Wl %ntioa ﬁ’&f‘ﬁl%re&‘@ﬁt non- nuclelc acid
nué]l elc am% etecting’ capabi |1ty of the dye on the
nallye cohstifueat; adijmsttdumtdyesco&mmmaﬁloef theo; dge ecmstln@nt hied the Q; dye

presence or absence, of nucleic
TGO AQECBi g Sanfue o st ne i Graydent e 1 dye
| Tosdiitb P hid ﬁﬁ@?@}&%ﬂsﬂﬁienﬂb‘ &l fRiogeseéntthubRiO®did @y Bdnsétuent or
| ack thereof in a sanple, such as a sanple that

umdmgﬂwe@entpnm@ scidudsteatsingtituent; ané s par¢igdye constituent and

s A RIS b BB CuB PO G e fBL™

prepar ipagfoafiyig0f prdtesS as@goihs dtesty sslutic@n thad \Wﬁl‘lhdﬂa efifficient for
u5| ng, any of the for egO| ng .dyes have al so bee

ifigeiénn ofife tareetydledt acid Shepld theoyrpds ¢qrBpfise the target nucloic
@ %]Pded herein is contenplated herein. A kit

sw a for determning nucleic acid formation or a
| ack t Hiduranhting the stastplselutioni whh cloghr atses Waaelsngth apifficient for
d th resent i vention, suit.a

gﬁl?l} b, e peppitsr CPB?tltu%%ﬂnafqa l‘:eawraﬂg BLPO%?S?% } gmgssion or a
nqggke[h&e@pl d in a sanple should it conprise a target
nucleic 80 WD 2006/ 099605 PCT/ US2006/ 009910 acid, is
contenpl ated herein, as is any kit conprising a
conposi i énnmgg)dmfb@faemn@gmuclelc acid formation or a lack thereof in a

sample that may or may not comprise a target nucleic acid, the method comprising:

| e,
stltuent a

providing a test solution comprising the sample and a fluorescent nucleic acid

dye, the fluorescent nucleic acid dye having the formula:
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t hat has useful application. [0241] Vari ous

nodi fi cati ons, processes, as well as nunerous
w@Reeosres relating to the description herei PCIHF200€009910

applicable, as will be readily apparent to those of

or di naiy skil 'BH'I}BG—”- art, upon review of the

speci fi dat i on—Varrels ref?erences, publ i cati ons,

provi si onal and non-provisional United States or

forei gn patent pplications, and/or United States or

foreign patents,~have been: dentified herein, each of

heh: | S 0 RO 1. 1his . s
PSR IR R S ION e SR BRI i Soprisin
efphaitoad 19Hto steactibrch-hydrogdnadtoms, @Ois uniye cohineinbgdected from
bel Lefs, theo les,,ugderlyin assunptions, and/or . .

- Wirgicsnt grglstoarid ayamonediton), vhaRgiiuofsoet| pudkic acid dye
upgieskinteafd dddRdscaMhofMfibletied §§I@&gi/sﬁﬁentk,’ d £hon-fluorescent non-
theory, underlying assunption, ~and/or working or
pne@hict aaid elyanenetituentn &l isi adiya rongtithérdusplectddefronr  diorescent
aspects and. featuyres have bgen described w th respect
¢ UG 8 e SAPHIRL ArtorTuercEl! el Acid) Ve, cppstituent, a
bélubRgens hoRsuélBRt aca My EorkaiRnt, and At ndnlfMdred8nthdbnucleic acid
respect to the full scope of the appended clains. 81

Wiyo 0oistiosn s (% PETdYISTmebiuenogiagteddam pefluoresenteruedric acid dye
0 i.nj iC i .aQrmat | . a l.ack )

R R AP EhE R0 R 0 B2 s, nor-uctie
t acigelye woadtitient 2ariddh ndhAus@Edeat neO-ADEIERI At dyedEdiifieny at least

a test solution conprising the sanple an

. np da .
f PO A8 eistitusatplethe Quedve capeiituenicthe | Qpglve soBtitugnicang the Qs dye
agh . [ ot I '
Sy AR R rforkR Ryt St (et o oAb the 0 aye
neorstifilent, itiek @ dyooqmstisienty and ther@adyeudonstitientdd a dinodes€ent nucleic

non-hydr ogen at ons; is a dye. constituent select

RO YE crTRaGiea Bo oy BrEnbiriagad ik Core Bt and the reporte
nafe ChakPiRne and the ShiBleSced® indcldiCacid e ldohsiRént MRe optionally the
fluorescent non-nucleic acid dye constituent, and a

n®&Hng;| uor escent non- nucleic acid dye constituent;

Lﬁc?e%&g‘%&gﬁ% iyate Bgo(r;ctﬁ%sf ﬁ%iﬁéﬁﬁg tf%‘srt gs%u?ﬁnhgﬂgé S%Ogl‘ﬁq] %e sufficient for

namphficatidaiof thty Rrgdhatleicleid shoald fhe 4 ampRC®Mprise the target nucleic
non-nucl ei ¢ acid dye constituent, and a

n8%ds3%or escent non-nucl ei ¢ acid dye constituent; at

| east : tLtu : . e,C ' .

and ¢ ho lqéc(hﬁ/légc W bl Rl il lgé‘bga\rft ar g‘f/etéé"tgﬂ? Waficient for
c arsotptioment the atpdrizasiye comstithyeat and détetmiaite Mioresvent@mission or a
dye, ,constituent and the 2 dye constituent is a
f%ﬁ%?@%?ght nucl eic acid dye constituent or a

non-fl uorescent nucleic acid dye constituent; and the

report er Ty endtRipdf dddettcland 1 and 2, wherein the fluorescent nucleic acid

dye constituent is selected from an acridine dye, an asymmetric cyanine dye, a

symmetric cyanine dye, a phenanthridinium dye, and a pyronin dye, and a styryl dye.

4. The method of claim 1, wherein said performing comprises performing a

real-time PCR process.

5. The method of claim 1, wherein at least one dye constituent of the Q; dye

constituent and the Q2 dye constituent has the structure:
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the fluorescent nucleic acid dye constituent are
optionally the sane; perform ng a process using the

W e®b/0gwhuti on that woul d be sufficient for PCT/US2006/009910
anplification of the target nucleic acid should the
sanpl e conprise the tasget nucleic acid; and
illum nating the test lsolytien with light at a
wavel engt h suf fi g ‘ absorption by the reporter
dye constit =ya (s eX OF R fluorescent em ssion
or a |lack H%g$%of. A get ogRﬁf determ ni ng nucl ei c
acid formation or a Igék thereof in a sanple that nmay
or maywheleitE4¥RR,; SRdépdndtfBY, i Mok 8iCG1-AR, idclusike atigihod
conprising: providing a test sol ution conprisin%lthe )
sanpl eowhef Re 411d Ry presents wheteayhera BRADHFattaghss to the structure;

v 2008555805 HER EBORRYBGE T ORp AR Rat g i°H or-Cit
A i et e Lt e Ea
o abobeniHo ain b oA e ohlt g

consti Lhigng ﬁﬁieﬁ&{cﬁfiﬂ%{i?ﬁ ord ¢1-69! BRRRRE, 41kl €i ¢ acid

dye constituent, a no uor escent nucl el c acid dye
const i tahR,, imdependentby,de bk orredBil-Aidcinglusivacilliyldy e

constituent, and_.a_.non-fluorescent .non- nucl eic [

dye cortgach g of piaceat 236(9’3‘}37 38&2%11 ]tnﬁ%‘f?flﬁgncedyéc ggﬁf glcl)?an may
a fl uoresqhbihatidtokRiats-a% ibtneMBere @ ¥aturdte® bt unsaturated ring; and
non-fl uorescent nucleic acid dye constituent, a

fl uor eS¢ mrdn anoom- nucl ei ¢ acid dye constituent, and a

non-fl uorescent non-nucleic acid dye constituent; @

is a dye_constit selected fram,a. flugrescent
Inacl ei & Zg? Hlsé&]é})éluo Cciqjlint#’t eﬁ?{l eg&iﬂgh 1sf]1{ﬂlg% %?g,ﬁ% represents where

NYWRIBAE Afdcdehahé aRRdirklh Rs@s fCHY a8 @atliR; is ~CHa.
non-nucl eic acid dye constituent, and a
non-fl uorescent non-nucleic¢c acid dye constituent; a

| east Torihegpethed ed clagentvisient Aeleast oy ¢vE SARTANRE ﬂ% _:fhe Q; dye
t Q%nsg%ue?% Gn& ﬁf%s(%z'o&r?}éeda}lstitﬁ‘é}ﬂ h%{‘ﬁﬁe%éﬁife: constituent 1Is

a reporter dye tituent; east one dye
constituent of the QL dye constituent, the @ dye

constituent, @n¥ the glye constituent is a
fluoresce cl'ézi'ﬂc_g_ f\d dye constituent or a
non-fl yo t hEieneracT d dye constituent; and the

reportef dye constitkdlents and the fluorescent nucleic
acid dye constituent are optionally the sane;

perforn.,ng .a process, usin ' t : e
e S RPN ARl S B g s
nucl ef G, SORY) ISRIYE SRGRS; COM HNH(CEO)R 3/ GNHS(=O):Rss; -
nucl ei c . 1
C(=O)NHR;s; or a substituent associated with minor groove binding; or

represents where BRIDGE attaches to the structure;

when Ry’ comprises at least one of Ro, Rig, Ry1, Ri2, R13, Rus and Rys, any said
one of Ry, Ryg, Ri1, Ri2, Ris, Ris and Rys, independently, is H or alkyl having 1
carbon to 12 carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s),

inclusive, or an aryl;
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acid; and illumnating the test solution with light at
a wavel ength sufficient for absorption by the

w0 een®sns dye constituent and determ ni ng fl uoPE€BTS2D6/009910

em ssion or a |lack thereof. 3. The nethod of any of

I D Lo L RS L o 5o

asynmet -membgeed, sedurdied,or anszﬂmﬁfeEtr_rﬂgg:ghmmpﬁgnﬂweﬁon@r}ses at least
henant hri.di ni um dye, a ronin dye, and a styry

Sye. 4.on?ﬁlé%eﬁ%f‘tﬂﬁ’dgleg?“%}g?%l\%nwm ein said perform ng
conprises performing a real-tine PCR process. 5. The

met hod Xfis @ledted flom \G&fEE;N at | east one dye
constituent of the QL dye constituent and the 2 dye

constituent has the structure: 83 WD 2006/ 099605
PCT/ USZb§6Plogiod fiom G, mrd Rl R7TR6N N+ NR6R7 wher ei n
each R1, independently, is Hor a Cl-C2, inclusive,

al kyl ; f e e BRI.DGE ..
ot achad 8 ER IR & kel ASREES Shleiy WD AMIRE aniPE optionalty
BRI DGE catitpaisingsat tlenst hee hétetocitomeseldefedi orhl M O; &BS; a halogen; —

t h to th
St el FERieh SBeGreRr © FROHE orAD SRt hptionslly
- CN, — : T i
o o RTINS hdets iR IRGAR0 ARLEN 1ok hibBg ™y 0, and

or a CS@preprasents sibges, BREDGElaftacies tethe strpetitre; of
adj acent R6 or R7 and R1, independently, R6 or R7 and

i j ' f 5- 6- d, . . .
at U akadS LR IF EhaR PR tdh 10 10 EERERE Shctusive, gptionaly

The metchoprigihg @h aiyhahd aylest@nd hedf atbth stlectdd 1738 NS Oand S; or a
R3 represents where BRIDGE attaches to the strucfufe;

each REUpsituted o1 am qnsuhstituted jazyl- opinalty comeprisinghddtooB hetero
claim r:elin.: oRsthtuent. of the

Ql dye]atoco )s?tlﬁlﬂséﬁ%’ Sg%gé? r@d}%ﬁ%@g&s&gﬁs i %@e%’t O 1§ RICPHUS where
st r uct WRIDGTHhttachesR6 tha stMicture; ( HC= HC)~ HCG- _ N-R7

14- R X

Rs is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, optionally
comprising at least one hetero atom selected from N, O, and S; a halogen; —
ORis; —SRi16; -NR16R17; or a substituted or an unsubstituted aryl, optionally
comprising 1 to 3 hetero atom(s), inclusive, selected from halogens, N, O, and

S; or represents where BRIDGE attaches to the structure;

Rg" is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, optionally
comprising at least one hetero atom selected from N, O, and S; a halogen; —
ORj¢; —SR16; ~NR16R17; or a substituted or an unsubstituted aryl, optionally

comprising 1 to 3 hetero atom(s), inclusive, selected from halogens, N, O, and
S; '

Rg and Rg' may in combination form a fused aromatic ring, which may be
further substituted 1 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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RB R6 wherein Rl' is H, alkyl or alkenyl having 1
carbon to 6 carbons, inclusive; a halogen; -OR9;

WO 3R809960NR11R12; - CN; - NH(C=0 R13i - NHS(=0) 2RidT1/US2006/009910
C(=O) NHR15; or a substituent associated with m nor
grooveg, R.0
Po thoroh ALRER:br RETRATEAB S TRt P PPl AGhERy said one
R9, Rlef R%é.ihnd M2, thétd 3, 1ﬁidpeﬁdﬁ:hﬂl§155 Hynlky@ahavingiecabon to 12

RO, Ri o, 4 and R15,_ i ndependently, i
H or aF?@PPnSh é‘%ﬁl%"eioptl%ﬂaﬁl AnGORporBiingsl oﬁ%l,%o ?‘F@M@érﬁ;

optionally incorporating 1 to 2 nitrogen(s),

i ncl usi AR 1l Ay Ris and R thereof may in
PCT/ USE%%@Y%%Q% when R(l:MQéonpr |1§es R% an a 15 R11 Y
and R12ombination dambarfatorofrnfemiberal Stureted @- mmtueaftab ring, which

saturated or. unsaturat rin which optio
conpr | Qggorgaﬁlypgg@pses&g geaﬁfe‘i'qg texp A1 eé%etd;fgo?ﬁ%ﬁ?q\p
and 0; X is selected fromO and S; n is selected from
0, 1, 3RF éne BP R, R'J; el &d RQ rreﬁ%i%%bebth@VBRmGECﬁEd@ﬁés to the
to 10 ca bons, inélusive, optionally conprising at
Ieamttumnaznd}etero atom selected fromN, 0, and S; a
hal ogen; - OR16; -SR16; -NRLI6R17; or a substituted or
an unsgé;stltut ed aryl, optionally <conprising 1 to 3
het er o atSsdW@&Y°™ i nci usi ve, sel ected from hal ogens, N,
0, and S; or represents where BRIDGE attaches to the
struct @ ghe Rethsd é‘f cla@iKY) whéreml EKQEBSE oh@djd gonktii@hbonthe Q; dye
to 10 carbons, inclusive, tionally conprising an
acohstigueat and the &t dye wensiiseent gasa‘ﬂléﬁﬁf%‘éll@ct ed fromN, O,
and S; or a substituted or an unsubstituted aryl
optionally conprising 1 to 3 hetero aton(s),
i ncl usi ve,CHseIHecI; ed from hal ogens, N, 0, and S; or
repres BRI DGE attaches to the structure; RS
is H kenyl having 1 carbon to 10 carbons,
|nclu5|ve op ally conprising at | east one hetero
atom selected fromN, 0, and S; a hal ogen; -
-SR16; -NR16R17; or a subs d or. a S bs tut
aryl , db‘%eir%ﬂ Ry ropresegispyhes %‘&@bﬁoﬁ@%@?&%& sgliufi{’r’(%)an
i ncl usiy anjﬁl&{:t ed from halogens, N, 0, and S; or

e

represents re BRIDGE attaches to the structure; R8
is H alkyl or alkenyl having 1 carbon to 10 carbons,

Iatn glmugléﬁvﬁﬁpopt Jp(?cgg% qls‘&’ginb?[,o grﬁérle%{ agl ﬁfgﬂo Psgft: cgr?s%tuelﬁ of the Qs dye

constituent and the Q, dye constituent has the structure.

wherein R; represents where BRIDGE attaches to the structure; and

¥ is an anjon.

10. The method of claim 1, wherein BRIDGE has the formula:

-Li-[AM-(CH2)o~T[A%-(CHa)p—To[A>(CHy)~ ][ A*-(CH:)s=Ja[A’~(CH,)e—]e
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OR16; -SR16i -NRL16R17; or a substituted or an
unsubstituted aryl, optionally conprising 1 to 3

whedengeas on(s), inclusive, selected from hal oRPEnES20h5/009910
0, and S; R8 and R8' mmy in conbination forma fused

SR8 and orm a fuse
3 ime( ). T O R G e bR goA ™t 1

inclusive, alkyl, Cl-C2, inclusive, alkoxy, Cl-C2,
i ncl usi Whereinl ¢aghradr kapid [2,ondepentaittyyéna BbieWeomprising a single

US2006/ 009910. F R6, R8, or R8' )
that ol 2a9poiRdas UgH Fsgine bl sbouioly, Gubpms, inclusiv,
one ofopfb@aléebrfisiid@net ond RISBARSHE B1bded Fdnd N, O and S; or an

al kyl havin% 1 carbon to 12 carbons, inclusive,

opt i ondtVAonteB penmprisieg at least onemhaterogtang sgledsed finm N, O and S;

aryl; f YATRG) 2 sR8 6 t\rat,scqepri sesoR16, and )
Y1 A ARER: T NG TR: LoD S o R Ay, is o
or 6- menicki@akcid-dindiag-eshaatingR3Qip/(NABEG); Qgranﬁﬁlé@;hk%rl ocf)tionally
optionally conprises at | east one hetero atom sel ecte

from N ‘%.?H{Pf’é}ngo%’i 1SpshpRe hgterpptom melecird fipmyNR® and S; or at least one
repres t &r BRI t ] .Luct ure:

and Wi et o kel B il ComBhHE LI Gy ome etero
at | eagfornselecipe froonNt OtanéSt of the QL ﬂye )

constituent ~and the dye constituent has the )

struct l?lagb ofa =Er ?-’I%'ﬂa?x’, ang pyindependentlyy iR zeroPprgagintsiger from 1

R7 reprtggggﬁtqopﬁﬂugivgﬁ{ﬂ?ﬁg attaches to the structure;

and Wis an anion. met hod of claim 1, wherein

at | easeclonka,dye, Genbty humdti, oflependefly, dygero ﬁr an integer from 1 to
constituent,and,the @ dye constituent has the
Pat 20 el

struct § ‘r-N+ R wherein Rl represents
where BRI DGE attaches to the structure; and

11. The method of claim 10, wherein BRIDGE comprises from about 8 to

about 100 non-hydrogen atoms, inclusive.

12. The method of claim 10, wherein each of A, A%, A3 A% A%, AS, A7, A8,
A®, 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:
~(CH2)x-C(=0)NH-(CH2)or-[O-(CHy)p]5-[O-(CHa),]-NH(O=C)-(CHy);-

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 B and v, independently, is 2 or

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

14. The method of claim 13, wherein x is 5; oo and y are the same and are 2 or

3;Bis2;bis0,1,2,0r3; and cis 1.
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k is an anion. 10. The method of claim 1, wherein
BRI DGE has the fornula: -L1-[Al-(CH2)a

W0 200AR996CH2) R- ] b[ A3- (CH2) v ] c[ Ad4- (CH2) 8- ] d[ AS- ¥} 1004/€09910
86 WD 2006/ 099605 PCT/ US2006/ 009910 [ A6-(CH2)
-1 1A714 GRierhal 6BcibiotE) v difD, (D), ad lirAdfie 2
wherei n each of LI and LZ, indepéndently, is a noiety
conprising a single bond a pol yrmet hyl ene unit havi ng

oo 3P BRe SER O3S LR e, B e 1

apghnsBtuclf ariithe @, \ye epistidnat has thosmudaeng at | east one
hetero atom selected fromN, 0 and S; each of Az, A2,

A3, A4, A5, A6, A7, A8, A9, and A10 , |ndependently,

is a nucI ei c- aC| d- b| c?n ng enhanci ng-group (NABEG; a
branched al kyI rising at |east one
hetero at om sel ed 0 and S; or at |east one
sat urated 5R7B¢N6-T red riNigRzoptional ly conpri sing
at | east one hetero &tsom‘IéeI ected fromN, 0 and S;
each of a, 0, vy, S, s, 4, r1l, 0, and 1, independently,
is zero_or .an from 1 to about 20, inclusive;
and eamef?ﬁnﬁaclhgi ?f e, f, g, h, and i,

i ndeperdefty, is zero or an integer from1l to about
20, inclusive. 11. The nethod of claim 10, wherein

BRI DGE Raaemesestssviiero BRABG atRches to fisoiiuctng

non- hydr a i nclusive. 12. The nmethod of claim
10, wh &P Re 83 s Al, A2, A3, A4, A5, A6, A7, A8,
A9, andadlr, lsl_r@}gp@mﬂently, is a NABEG conprising a

noi ety that conprises at |east one bond |inkage that
conpr i $¥# atani@khst one ami de bond, urethane bond, urea
bond, thiourea bond, ether bond, or thioether bond;

or an y ] [ ey I §hRg: e r
oF 2 B AR SATTS! SAORPLAERSE coRRBERTIR O: o
mebhaueaf and ther@,ldyewdoastitient BeY (be€Etrhetsret he f or mul a:
-(CH2) X

C(=O NH (CH2) . - O (CH2) R b- [ O (CH2) v] c- NH( 0=C) - ( CH2) X-
wher ei n each ‘3{' Alﬂd@p ngently, is an integer selected
from 1 tof 1Y, Sinsd: e n& s an integer selected
from 2+ t 20, i usi ve; each of 0 and vy,

i ndependently, is 2 % ™ b is zero or an integer
froml to about 20, inclusive; and c is zero or 1. 14.
The metiRgeiRfRC iseHMakS1 oif/\ﬁlﬁélﬁyl fhaiﬁmgsl Earban &ﬂé cyrlmhg 1nclu51ve a

the same and are 2 or (3is 2 IS
and c ihelogen; —ORo; —SRyo; —NR11R12, -*CN - H(C—O)RIS; —NHS(‘O)2R14, -

C(=O)NHR;5; or a substituent associated with minor groove binding; or

represents where BRIDGE attaches to the structure;

when Ry’ comprises at least one of Ro, Rig, Ry1, Ri2, Ry3, Rus and Rys, any said
one of Ro, Rig, R11, Ri2, R13, R4 and Rys, independently, is H or alkyl having 1
carbon to 12 carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s),

inclusive, or an aryl;

when Ry’ comprises Ry and Ry, Ri1 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;
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87 WD 2006/ 099605 PCT/ US2006/ 009910 15. The net hod of
claim 13, wherein QL and @ are the same. 16. The
woredohoghees cl ai m 13, wherein each dye consti t urCit/U8$006/009910
the QL dye constituent and the @ dye constituent has

the strugtHceed Bm Ghnlist '\ ' R R7RGN N " NR6R7
wherein each RL is H R2is H R3 represents where

BRI DGE attaches to the structure; each R6 is -CH3;
each RRisclead3fromiyil, atd 2;s an anion. 17. The met hod
of claim 13, wherein each dye constituent of the QL

dye const i ' .
I e e
RB R6 wbmpsiking Ri leastsord, hedrlsyatornrselatted fydm INa\O,rEgldls a halogen; —
car bon to 6 carbons |nclu3|ve a . hal ogen;

- SR10i ORgei1 158 —NBpR17; [Qq(a(lﬁ_l@)sﬁ&lqu OT\fils n%})th&y;.d aryl, optionally
(=9 N’E'Eiﬂaﬁglsﬁ% 130 %%?érbta eatsél@'ctm Bl exs, N, O, and

groove represe ere BRI DGE attac
t 0 t he Ssbr teptagends whhterB]lRIDGEtattmhlesEsthastru@w@t one of
R9, R10, R11l, R12, R13, R14 and R15, any sai d one of

RO, R1Q, .R1l1, 2 3, R14 and 5, | d ent|

H or a%@ﬁﬁyﬁiﬁt fﬁleagr}t%ﬁlgtag CTglré o g@ %é Clué{ve o%uonally
opt i ongbmyriking ah RAY ahd BOledst bRe Betﬁideft@ﬁ%el(esﬂad from N o and S;ora
i nclusive, or an aryl; when R1l' conprises Rl1 and R12

R11 andulstitutpdyori an cesshsiitedaryloppionally qomprising 1 o 3 hetero
6- nenb%F %?/(’s% SRLYGEL Qe ?{efi '“igkél?thﬂfo%ﬁsgé\{ '('3“~:’andv\‘51 &hrepresents where

opt i ondtd onprises-a er’o atom
sel ect @RIDGHEuthcaekoQhe SBucture ;

Rg is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, optionally
comprising at least one hetero atom selected from N, O, and S; a halogen; —
ORis; —SRis; -NRyR17; or a substituted or an unsubstituted aryl, optionally
comprising 1 to 3 hetero atom(s), inclusive, selected from halogens, N, O, and

S; or represents where BRIDGE attaches to the structure;

Rg¢' is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, optionally
comprising at least one hetero atom selected from N, O, and S; a halogen; —
ORuis; —SRis; -NR6Ry7; or a substituted or an unsubstituted aryl, optionally
comprising 1 to 3 hetero atom(s), inclusive, selected from halogens, N, O, and
S;

Rg and Rg' may in combination form a fused aromatic ring, which may be
further substituted 1 to 4 time(s), inclusive, independently, by C1-C2,
inclusive, alkyl, C1-C2, inclusive, alkoxy, C1-C2, inclusive, alkylmercapto, or

a halogen;

for any R, Rs, or Rg' that comprises at least one of Ris and Ry, any said one
of Rys and Ry; thereof, independently, is H; alkyl having 1 carbon to 12

carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s) or an aryl;
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WO 2006/ 099605 PCT/ US2006/ 009910 X is selected fromO

and S; nis selected fromO, 1, and 2; R6 is H alkyl
w@eooalodwny| having 1 carbon to 10 carbons, i ncPCBEUS®N6/009910

optionally conprising at |east one hetero atom

sel ect n Bgﬁx

- NR16R%% ! ?fnaﬁg’u@st}?gt gltaggo o Ili]%%] “ﬁﬁ&dblgyﬁfa éxél Igr cofmay in

opt i onabinpinatiemforns arfg dr 6me’mlieeﬁtde$ammatedr1(rsgnsaturated Ilng, which

inclusive, selected from ns,, N ; Of A,
repres QHF%I“\TW SPBPERISIEE qng?%ﬁego o} ??Zécé‘?@g%tpﬁ\i %1;“{ B

is H alkyl or alkenyl having 1 carbon to 10 carbons,

i ncl usiplg, oPbE WaIRY RCAMPRE SEAGscRR %ylle BRIDGE AtRBds to the
one hetero atom sélected from 0, and S; or a

satrsttiepgrel or an unsubsti t ut ed aryl optionally

conprising 1 to 3 hetero aton(s), inclusive, selected
from h@é,i %51 and S; or represents where

BRI DGE *al% é‘gltothe structure ; R8 is H alkyl or

al kenyl having 1 carbon to 10 carbons, inclusive,

opt i onak!l Yhe GREMb Dif taimt 13 eaﬁéreﬁn@adnea;ea Goratiai®nt of the Q; dye
selected fromN, 0, and S; hal ogen; OR16; - SR16;

- KPasitient agst thg Q;zLdystcpnsﬁlﬁwt bas the SEwEWsst i t uted aryl .
optionally <conprising 1 to 3 hetero aton(s),

i nclusivey selected fromhalogens, N, O, and S; or
represent stV\/ngr BRI DGE attaches to the structure; RS

is H } kenyl having 1 carbon to 10 carbons,
i ncl usi b 'h%ll ly conprising at |east one hetero
at om sel ect ed om N, 0, and S; a hal ogen; - ORLG6;

-SR16; -NR16R17; or a substituted or an unsubsti t ut ed
aryl, optignall conpr.i Si 3 hetero o
i ncl usiWASTeIR By ARrewnis e gg&é@ taghes 50 tl?r?g“‘ © ﬁgd

and R8'y nq? f£onbi nation forma fused aromati c ring,
whi ch rray e Urther substituted 1 to 4 time(s),
i nclusive, independently, by Cl1-C2, inclusive, alkyl,

Cl- 2, 19ndheshethod aif kadaiyn, 181 wiiRreir padhudye epnstituent of the Q; dye

Fioats R ane e G ove 2aa i Ry RSBl a7, any s

one of R16 and R17 thereof, independently, is H,

al kyl havi ng=3 pbon to 12 carbons, inclusive,

opt i ondlzNy y7N§21 to 2 nitrogen(s) or an
aryl; 89 WD 2006/ 099605 PCT/ US2006/ 009910 for any R6,
R8, and R8' t thonprlses R16 and R17, R16 and R17

t her eof may Ry X7

wherein R; represents where BRIDGE attaches to the structure; and

Y is an anion.

20. The method of any of claims 1 and 4, wherein the fluorescent nucleic acid

dye has the structure:

N(CH,)2 (H:C)N

W
\ \/\/\j\ NO\/\HJK/\/\/N\ /

N(CHa). (HC)N

3
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conbination forma 5- or 6-nenbered saturated or

unsaturated ring, which optionally conprises at |east
won®ohetses o at om sel ected from N and O0; only oPEI/v82006/009910

Rl', R6, R7 and R8 represents where BRI DGEhattacEeé t]?

the st i 71" is an anion. 18. The nethod o

claim 1@?&%&?;?%%25& dye constituent of the QL dye

constituent and the @ dye constituent has the

st r uct u?le: AcPBpbsikon khvingtheNofaula:S wher ei n R7

represents where BRIDGE attaches to the structure; and

P is an_ani onf—t9—Fhe net hod of claim 13, wherein

each dy@" const BRIRGH [of THe QL dye constituent and

the 2 dye constituent has the structure: H2N NH2

r-N+ R wherein Rl represents where BRI DGE attaches

to the YRS Wr & 2 die copstitupnt pelegied Fronpe flupescent tuddic acid dye

of @i ' f 1 uorescent § .
Pt £ ok RO Sl AR, LIRS on et
N, acid-dyd cossGrBRR apHAG)DMIADe MM ADAGHRA688d dye constituent; Q, is a
PCI/ US2006/ 009910 \t/{,herei Wis |- or . d 21. A )

c SHB o SPH BRI SE1PHE i foo fiprescent amclsiq peid dye wpwstistent, a non-
Qfhicgestely QueleRs tacidueRt e&isaffead L' ﬁﬂﬁ%séény Oﬁ(ﬁﬁ{h’f&éic acid dye
nucleic acid dye consStituent, a non-fluorescen
nifongiteenicandl @ pendlnmstangant-nueleid acid dge eastituent; at least one dye

n%hﬁﬂﬁén‘?io% the Q; dye constituent and the Q, dye constituent is a reporter dye

constituent; at least one dye constituent of the Q; dye constituent and the Q, dye
constituent is a fluorescent nucleic acid dye constituent or a non-fluorescent nucleic
acid dye constituent; and the reporter dye constituent and the fluorescent nucleic acid
dye constituent are optionally the same; and

BRIDGE comprises about 8 to about 150 non-hydrogen atoms and up to one
positive charge, and has the formula:

“Li-{A'-(CHz)o L[ A*(CHa)p1o[A*(CHy )y [o[ A*(CH2)e—Ja[A>-(CHy)e—]e

[A*(CHo)e-14A"-(CHz)y ][ A®(CHo)o— ][ A*(CHo)~Ji-A-Lo-

wherein each of L; and L,, independently, 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, O
and S; or an aryl optionally comprising at least one hetero atom selected from
N, O and S;

each of A', A%, A%, A%, A%, AS, A7, A%, A®, and A, independently, is a
nucleic-acid-binding-enhancing-group (NABEG); a branched alkyl optionally
comprising at least one hetero atom selected from N, O and S; or at least one
saturated 5- or 6-membered ring, optionally comprising at least one hetero

atom selected from N, O and S;

each of a, B, 7, 8, &, &, 1, 6, and 1, independently, is zero or an integer

from 1 to about 20, inclusive; and
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acid dye constituent, and a non-fl uorescent
non-nucl eic acid dye constituent; 2 is a dye

waeonshidwoent sel ected froma fluorescent nucl ePCT/E81006/009910
dye constituent, a non- fluorescent nucleic acid dye
constituent ¢ach b 414, @SN g,olﬂ'a'ﬁﬂcﬂ fidepcibftlH Y€ zero or an integer
constituent, and a non-fl'uorFescent non-nucl eic acid
dye codiom 1 teshout 39, ihndasive;one dye constituent of the

Q dye constituent .and,t dye constituent is, a ‘
repor ter dy g\lheléeélh gﬁ(h[epﬂgﬁ?fl %e Icé%sé ue; ?1 & 8?/ élsymmetnc cyanine dye
const i u@te O dyd\eorHitudiisis R BSihhegidicyadite e a@@mtyfa, b, ¢, d, e,
constituent is a fluorescent nucleic acid

€ ye

const i fuik and i i greaier tham theess onat lnest oae of Agoﬁé Ay, A%, A% AT,
consti tuent; anghot, ter co '

s A AR 0RBRC Sl JURCPREL VB oA P10t one
opt i onabhy linkeges & compeisd3RitDkst careparmiie sbaildo uietBarfeobond, urea

about 150 non-hydrogen atonms and up So one,,posiﬁive
char ge POBAPTHROU97eDNSY o 128 aryl, gpijoRplly epppgising at least one hetero

% 2[ A2- (ofdde Aladil fom(iatEabhs, IN, O, Ands( CH2) 5-1 d[ AS- (GH2) E

[ A6- (CH2) ~- ] f [ A7- (CH2) n-] g[ A8- ( CH2) 0-] h[ A9- (CH2) , 9 ;
- A10- L22. \ithe rceinposition obtlaim 2anathérpin BRE2GEwdmprises from about 12

| et . Si [ . bond; I t hyl
i B0 P AT TSR AORS: UBBEI®12 car bons, i nel usi ve,

optionally conprising at | east one hetero atom

sel ect ef. fTemoMpobitioddd claim 1, whedinyBRIPGE@oaipkiges from about 15
conprising at | east one hetero atom selected from N,
Otapkput40 @agehydrogen atongs, inglysived, A5, A6, A7, A8, A9,

and A10 , independently, is a

nucl ei g ‘?‘i’h%’cgh@%iﬁgﬁ %F‘Ql%ﬂﬁ b 8O0 NABR(Sescént nucleic acid dye
branched al kyl optionally conprising at |east one
hebsstiluat calested dmme dn factdinkl,dye, am dsy®meiricatyahisa styeomymmetric
satur.ated 5- ,or 6-nenbered ring, optiognally c risin .

2 YRS 5 e RBrb R e and i B o o SHAY &4 A% Q2 o
egRfdr&te nubiBic atid @ye Sonstituedilsele@ieddRin hn acridine dye, an asymmetric
i ndependently, is zero or an integer from1l to about |
2@yanine dys,i & symmadicodyawibe 20861 PhoBRsrREILSINe 80d @gmyrenin dye,
eaca ob’qﬁib’ c, d, e, f, g, h, and i, independently,

i dNGE5 r%’ Y&h i nt eger from 1 to about 20, inclusive;
wherein when the QL dye constituent is an asymetric

cyani nesdyihe canghotition QPcldine 24,omisdrein ulenicridineadye has the structure:
asymmetric cyanine dye, a sumof a, b, ¢, d, e, f, g,

h, and i is greatger than three, or at |east one of A1,

A2, A3, : : F‘A8, A9, and A10 is a NABEG
conpri si ng™a Rt ‘conpri ses at | east one

R,RgN N* NRgR7

wherein each Ry, independently, is H or a C1-C2, inclusive, alkyl;

one of R, and R; represents where where BRIDGE attaches to the structure;
when R, represents where BRIDGE attaches to the structure, R; is H or —CHz;
when Rj represents where BRIDGE attaches to the structure, R, is selected
from H, —-CHjs, —-NH,, -NHCHj3, —CN, and —C(=0)NHb;

each Rg, independently, is H or a C1-C2, inclusive, alkyl;
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bond Iinkage that conprises at |east one am de bond,

ur et hane bond, urea bond, or thiourea bond; or an
w@eoob/ogged3 onal | y conprising at | east one het erPCT/HS2906/009910

sel ected fromhalogens, N, 0, and S. 22. The

COMPOSLdoRy, HldobbiefMi bs UGl LaBRLRGRecARpE | ses from

about 12 t4 ab ut 60 'non-hydrogen atons, i ncl usi ve.

23. Théormanh psii bf adjaceht Bk ar Rv ram;‘l vahed@end@dlyDﬁEor R7 and R; may

conprises from ab ou

o ons. TF SREmbiSyR 1953 2 7 0s SRS SaHFOR 0F SfSHed ring; and
wher ei iy QaniSiqgh. f | uor escent nucI eic acid dye

constituent selected froman acridine dye, an

asymmetric cyanine dye, a symmetric cyanine dye,
phenanbr Thi ennpasitios, ofa;imxna%pymomrne@;aé{l iaky Ra lgﬂfﬁylrepresents

c St BRIy Eelides LMRERARE sRAT e ihdbiEnry s cr

asymmetric cyanine dye, a synmmetric cyani ne dye, a
phenanhir ik kbmpodiien obdlgine2ywiendin tiysymneendc eyaminerdgle has the
dye. 25. The conposition of claim 24, wherein the

aéipefiise dye has the structure: R2 RL Rl R7R6N N+

NR6R7 R3 ' wherei n each R1, independently, is Hor a
Cl-C2, incl USdHVE one of R2 and R3 represents

wher e whers EQGFE Fiwes to the structure; when R2
represent ér-@ BRP £ Mafit aches to the structure, R3
is Hof-C f. when £presents where BRI DGE

attachestothe structure R2 is selected fromH,
-CH3, -NH2, -NHCH3, -CN, and -C(=0)NH2; each R6,
i ndeperwi@mln Wi’ IssHialbsyl er aienp haying | luearhan togf legibons, gpclusive; a

nlopenabRery, ORE PSR o it “ONEr (97 (a0l TNHSGOIRs -

each pz@ E()‘)NHR% ag:e At suBstiEntRassasidteBR1lwith neiépe ngleotd binding; or
R6 or and é&!ln conbi nation forma 5- or

6- nenbéemdsenwlaﬂrg DGE aftashasie Hecdruciu®y; and 'Pis
an ani on. 26 The conposition of claim25, wher ei n

each S id
attac Ejeyéﬁe ot ﬁﬁﬁgﬂtl r ugl‘[ ldarg% Oﬁlgggﬁ ’ggloi R“\A%zlsﬁmén I s> any sal
R7 i's -dabldf RS,Ro, e, REMRASRIand Raﬁ independedy, mﬂéoealkvyl having 1
the asymetric cyani ne d){e has t.h

carbon to 12 carbons inclusive, optlonally incorporating 1 to 2 nitrogen(s),

inclusive, or an aryl;

when Ry’ comprises Ry; and Ryz, Ry1 and Ry2 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 is selected from O and S;
n is selected from 0, 1, and 2;

R is H; alkyl or alkenyl having 1 carbon to 10 carbons, inclusive, optionally
comprising at least one hetero atom selected from N, O, and S; a halogen; —

ORis; —SRis; -NRy6R;17; or a substituted or an unsubstituted aryl, optionally
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structure: CH3THR6 M HHH= ~-(CGCQOn C NRY

R1' X R8 R8 wherein Rl' is H, alkyl or alkenyl having
wa2@aniens t o 6 carbons, inclusive; a hal ogen;PETIRS2006/009910

-SR10; -NR11R12; -CN; NH(C=0) R13i -NHS(=0O) 2R14i -

(=0 N o . ™ . :

gr oove%ﬁﬂ?lﬁ%;l q%?)%;&g%?tgggﬁf S V\hg}re’egeg‘%tégefé&gtrﬁtaac es N, O, and

t 0 t heSsorwgptesemss whkre BRDGE aitqpbheswshasiriataret one of

R9, Ri o, R12, R13, Rl14 and R15, any said one of

R11,
R9, Rig, .RL1, 2 3., .R14 and 5, ihdependent | iS,.
i or kgt Thabohgt 1R e e i ARSI, Bt Btonany
opt i ongbhyrising &k BAM aid Mdedst b Ketétolat @B eE1ESPd from N, O, and S; or a
inclusive, or an aryl; when R1l' conprises R11 and R12
RL1 an@ulRiitutehyor| 3 easabsiEado Al epionaly cepprising 1 to 3 hetero
6- menb - at r dng i i
optt ondl o), S, Seleba HARPRMORERL N Gamdi ifepresents where
sel ect BRIDGEatMdchexdo Ghe strucairsel ected fromO0 and S; n
is selected fromO, 1, and 2; R6 is H, alkyl or

al kenyl_ hayj n carbon .to. 10 caybons, .incl usive, . .
opt 1 ondity H: BB of SN dtvingls EBRIEIASLQ ERGoRE Gisive, optionally
sel ect egmbriQify M 1ddst GH3thewro atdiRlsel@eRd fronPRLED, ndF¥:6i halogen; —
-NR16R17; "or a substituted or an unsubstituted aryl,
opt i on&Ruy; —SRusWENROBGT; @9 F69HsHCRAUS2T08rpbsdutpd aryl, optionally

conprising.l tq 3,hetero at S) e '
from harBgefies 1 GRS GoAE yideilsy U FrpfISEER O, and
BRI DGESabt a@pfegentt ¥htRBRIDGE bitdches B7thé strittue} Kyl or

al kenyl having 1 carbon to 10 carbons, inclusive,

optionally conprising an aryl and at | east one hetero

at om s &seistiiplkylgmalienpl haying Scahen {0 16 Gabens, iR@esivg, optionally
an unsubsti.f.ute Ly V. I .
hetero Cglﬁ‘%’%%?#é)a,g lel%ﬁtc(#nﬁgl? e&/éer? rllgée 58%‘2%8 }rogfrln a(ﬂ’o%ngnsg’,a Rflogen’
0, and O0R;0rSREPENRER, 8 othesibstiRildD6Eam uhaubbtatddoaryh @ptionally
structure; R8 is H, al kyl or_al kenyl having 1 carbon

to 10 campyHSg 1itad hpkrg atonyp) irshuTey sele‘aﬁ%)?mgx hpdoggps; N, O, and
| east @ne hetero atomselected fromN, 0, and S; a

hal ogen; -

Rg and Rg' may 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;

for any R, Rg, or Rg' that comprises at least one of Ry and Ry7, any said one
of Rig and Ry7 thereof, independently, is H; alkyl having 1 carbon to 12

carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s) or an aryl;

for any R, Rg, and Ry’ that comprises Ris and Ry7, Ry¢ and Ry7 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 Ry, Rs, R; and Rg represents where BRIDGE attaches to the

structure; and

94



OR16; -SR16i -NRL16R17; or a substituted or an
unsubstituted aryl, optionally conprising 1 to 3
whedengeas on(s), inclusive, selected from hal oRPEnES20h5/009910
0, and S; or represents where BRIDGE attaches to the
struct up & .nRBiod s H alkyl or alkenyl having 1 carbon
to 10 carbons, 1 nclusive, optionally conprising at
| east one hetero atom selected fromN, 0, and S; a
hal oge28. ThérbfiposiSbi Gif cldiM1BRIWherein theashminietridt eghnde dye the
an _unsubstituted aryl, optionally conprising 1 to 3
héBSB®at on(s), inciusive, selected from hal ogens, N
0, and S; R8 and R8' mmy in conbination forma fused
aromatic ¥ing, which may be further substituted 1 to
4 time(s),inglusive, independently, by Cl-C2,
inclustzifggF s C1- C2, inclusive, alkoxy, Cl-C2,
i ncl usicvgess” a nmercapto, or a halogen; for any R6,
R8, or R8' th conprises at | east one of R16 and R17,
any said one of R16 and R17 thereof, independently,
is H . hay] 0 I s .dnclusiye,
opt i ondie A2 S s S BRISGE Rl 38 A sulgDfiidi Shd
aryl; fois sanid®e, R8, and R8' that conprises R16 and
R17, R16 and R17 thereof may in conbination forma 5-
or 6-nenbered saturated or unsaturated ring, which

P Sl O3, 5 BRI, WAL ARS8 o e

r gpu@sent s where BRI DGE attaches to the structure
and 94 WD 2006/ 099605 PCT/ US2006/ 009910 T is an

ani on. 28. JEhe comppgsition of claim?24, wherein the
asymet,N o %@ enNHhe structure: w CH3 HH
it'-'~--N ‘ b-R7 S wherein R7 represents where
BRI DGE attaches=N® the structure; and 'P is an anion.

29. The conp
phenant hri ¢

egi tigp of claim24, wherein the
hm dye Has the

wherein R; represents where BRIDGE attaches to the structure; and

W is an anion.

30. The composition of claim 21, wherein BRIDGE has the formula:

-(CHa),-C(=0)NH-(CH)o-[O-(CHa)pl-[O-(CHa) - NH(O=C)-(CHo)s-

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 f and 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 x is 5; o and y are the same and

are2or3;Bis2;bis0,1,2,0r3;andcis 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 Q; dye
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structure: HZN rR -N NH2 wherein Rl represents where

BRI DGE attaches to the structure; and 'P is an anion.
W@06/0soT onposi tion of claim 21, wherei n BRI DEE/H8206/009910

the formul a:

- ( EdmdisubnGnd @ (CH)r]c

NH( C=C) - ( CH2) Njé er ellg%fu[gg:iag@&‘gfe%adently is an

i nteger selected from1l to 11, inclusive;, a is an

i nteger selected fromZ2to about 20, inclusive; each

of [3 and y, ifHeperger iB1 2 or 3; bis zero or

an integer froml O, inclusive; and c is

zero or 1. 33zRgW msi '

is 5 aand y are the a@néPand are 2 or 3 (31s2; b

is 0, 1, 2, or 3; and c |s 1. 32. The conposition of

claim 30 V\her C%{#and are the sane. 33. The

corrposﬂ"}l?fﬁmcﬁa‘e’lbﬂai B0, wherein each dye constituent

of the g)isgge 95 WO 2006/ 099605 PCT/ US2006/ 009910

constituent and the @ dye constituent has the

st r uct uRetepReentRIhere\BRIDGE atfReNoNte MRERIeR3 zp

V\,hereln ?Eg R]Cll[ls H R2 is H R3 represents where

BRI DGE ZFY REfe<HS the structure; each R6 is - CH3:

each R7eabER7Q-l?(:H§raﬂd Pis an anion. 34. The

conposition of claim30, wherein each dye constituent

of the LI‘jlsftlsfyfénlon:onst|tuent and the 2 dye constituent

has the structure: CHSTHR6 M NHH X - _ Ry

/- (CQ) 34CThe cglfnggsitig\;? OF aaim 30, wherein each dye constituent of the Q; dye

constituent and the Q, dye constituent has the structure:

Hs‘-IJ H RG
TR
Ji:[ >—c=Orc=(  N-R,
Ry
Rg' Rs

wherein Ry is H; alkyl or alkenyl having 1 carbon to 6 carbons, inclusive; a
halogen; —ORg; —SRjo; ~NR;iR1p; —CN; —NH(C=0)R13; -NHS(=0),R14; —
C(=0)NHRys; or a substituent associated with minor groove binding; or

represents where BRIDGE attaches to the structure;

when Ry’ comprises at least one of R, Rig, Ri1, Ryz, Rys, Ri4 and Ris, any said
one of Ry, Ryg, Ry, Riz, Ry3, Rig and Rys, independently, is H or alkyl having 1
carbon to 12 carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s),

inclusive, or an aryl;

when Ry’ comprises Ry; and Rys, Ryy 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 is selected from O and S;

n is selected from 0, 1, and 2;
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wherein R1' is H;, alkyl or al kenyl having 1 carbon to
6 carbons, inclusive; a halogen; -0R9; -SRLO;

WO NRDFBAS - CN, - NH(C=0O) R13i - NHS(=0) 2R14; - PCT/US2006/009910
C(=O) NHR15i or a substituent associated with m nor

gr ooveRbi;ngi Bfky] BF alkél?}ﬂ rh%?ﬁl@tlscém&[ & RRtEEEnQUdAERS optionally

to the struéture; onpri ses at | east one of
R9 R10ompiging mkastm heR:m ammi selegted drom 2RiQY andrﬁ; aohialogen; —

d d
H or a&&}PR’l PG SN]-?t §7ar05R161ﬁsW B3 lt‘fgjdc%{r %DEHIES%%&%S 0] Y/l optlonally

Opt i ON@byrisifg 916 MRtcrd todn(b ) intludive] S€déSIrom halogens, N 0, and
i nclusive, or an aryl; when RI' conprises R f an R12

R11 an®; mLEpressnts whers BRIGE atiachey fo the strugiyre;
6- menber ed, saturat ed or unsaturated ring, which

g&t Ieg? éﬂ ; %/ gﬁ%ﬁ)}ﬁ){la@ﬁlﬁtl A#86n ;@ Eé}baﬁso%cluswe optlonally

S se ecte rom O and
is sel eompﬂsmg ama@l afdd atdeabt Bne EﬁeM@t(ﬂﬁ@ﬂbﬂﬁ@ﬁ@ﬁlN o, and S;ora

PCT/ USZOOG/ 009910 R6 is .H alk ke having 1

car bon SERSUEEE £F b%ihé‘nSIfWET“LTs‘f‘ %{qngﬁ.)é pr1s1ng %073 hetero
conpri %to%{s)”‘tmél\%%?et s@l@@teﬁ' Qi(ﬁl'i BaR R%@ﬁ@ sel@cds; f(froﬂgpﬂ&sents where
0, and S; & hal ogen; - - NRI6R17;

subst i BRIE@EattaaheMnéhﬁnﬁtuOtlu@ ed aryl, optional I y
conprising 1 to 3 hetero aton(s), incI usi ve, selected

R e e, R Tl s, ot

al kenylcom@viking al 1628y dienhdiero lora aeleowd from N, G, atﬂ S; a halogen ~
optionally conprising an aryl .and at | east one het

at om s&Ruet ¥R 1 ONRNR10, Of ngpibstituggd or ag &B@{bﬁftﬂ&fﬁ‘éoa%lp ‘optionally
an uns%gﬁlﬁ)h%_?{qu[o & ke ORI §e+c¥um 1bSkd %o ?nﬁé?oé’éns N, O, and

het ero ncl usi ve, ect ed rom ogens, N,
0, and SSpr mprasens oderet BRIDGE attaddied 0GHe atruciotees to t he
structure ; R8 is H alkyl or al kenyl having 1 carbon

to 10 carbans, inclusi t]on r

| east dtelSHd: dky Oétag?ﬁ“@e“aé’é 5%8%){%18 nR’QH%! %gu%{ve optionally
hal ogen, &Eﬁ% NBLARA Geleled & &Hwtmt&ﬁdesﬂr é)h 1 -
an unsuBstpl %B%galeary ) Icl)e|c§t| on(gﬂ1 Sf/:leeceorrf)rl sing 1t aogen
het er o QR@JF(—SB].G, FNRLdRs 7, v, a swistttetiof aw mnﬁﬁjsb@l@dsaryu optionally

0, and _S; .or nts RI DGE attaches, t

struct FPEP lﬁ%‘gll g ?eJP @i* 19§ %séﬁ?lse]ﬁ‘étvsﬁr haé(gg%l N, 0, and
to 10 garbons, incl usi ve, optionally conprising at

| east oRe hetero atom sel ected from N, 0, and S; a

hal ogen; - OR16; -SR16; -NRI6R17; or a substituted or

an uns lesaIldt Bt etlanity pombmatlgliq gqmny a fused aromatic ring, which may be

further substituted 1 to 4 time(s), inclusive, independently, by C1-C2,
inclusive, alkyl, C1-C2, inclusive, alkoxy, C1-C2, inclusive, alkylmercapto, or

a halogen;

for any R, Rs, or Rg' that comprises at least one of Ry and Ry7, any said one
of Ris and Ry; thereof, independently, is H; alkyl having 1 carbon to 12

carbons, inclusive, optionally incorporating 1 to 2 nitrogen(s) or an aryl;

for any Re, Rg, and Ry’ that comprises Ris and Ri7, Ris and Ry 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;
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conprising 1 to 3 hetero aton(s), inclusive, selected
fromhalogens, N, 0, and S; R8 and R8' may in

w@ oovbiovmmds on forma fused aromatic ring, whi chP@®EYS1966/009910
further substituted 1 to 4 ti ma(s) i ncl usi ve,

d ' '
: Ec le Eg Pglgptdal?ék%tgkl h Ck,f% ’anIH % é’s@nts éé;ﬂa %I?]i)(% Gittaghes to the

a hal ogsimctufrc),randny R6, R8, or R8' that conpri ses at

| east one of R16 and R17, any said one of R16 and R1l7

thereof |nde endently, is H alkyl having 1 carbon to
car bdR&1 ARRY ysi ve. optional Iy incorporating 1 to

2 nltrogen(s) or an aryl; for any R6, R8, and R38' that

conpri sEs m@cﬁﬂlg{) mmagtpl e o

conbi nation form a?R%OZl (gr -rrenb“glgeg Eg{hu%t&%&éﬂ}l@m of the Q, dye

urtoastifuentaad thag; dyheazistituenithas Hel styppceerpr | ses at | east

one hetero atom selected fromN and 0; 97 WO

2006/ 099605 PCT/ US2006/ 009910 only one of Rl', R6, R7

and R8 rengesgnt§ where BRI DGE attaches to the

struct N-am is an anion. 35. The conposition of
claim iMfeach dye constituent of the QL dye
constltuent a he 2 dye constituent has the
structure: CH HH H C NR wherein R7

represenl}jﬁli \Mri{ere BRI DGE attaches to the structure; and
Wis alV3e8R7 regesentiavhespBRdPOExitaghesdp shawtdoture; and
wher ei rpeagh, gye constituent of the QL dye

constituent and the @ dye constituent has the
structure: HZN rR,-N NH2 w herein Rl represents where

BRI DGE 3@t Tae kempositidihef ahiniG0UWRBsreiWhch d?(la_lézéns'@iﬂue%ﬂ bPthe Q; dye

37. he structure: N(CH3)
constltu 3 \iler(% &ye constituent has the st(ructure

wherein R; represents where BRIDGE attaches to the structure; and

¥ is an anion.

37. A dye having the structure:

N(CHa)a (HSC)EN
N(CHs)a (HsC)EN

wherein Wis I or CI.

38. A dye having the structure:
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2T N HH NCH3)2 (H3O) 2N wherein Pis For O 38. A
dye having the structure: 98 WO 2006/ 099605
wWEANABBED6/ 009910 N(CH3)2 (H3C) 2N 2 Y' O | O PCHUB2006/009910
N(CH3)2 (H3C)2N wherein LI" is IT or d-. 39. A dye
having the stpgeture: 2Y° | / S,H- Nv v wek I N
C<\\ O/ V\,hereion "Pisz¥" or CF. 040. A
having the gttucture] NH2 NH2 2°F O~~j\I[ \l / \ Ho
NH2  NH2 wherein g is/\r“\°6r\t%/\ﬂ/l\./\m/cl:l\oﬂ\p6§f'q“/n
havi ng the mula: QL BRIDGE @ @ wherein | DGE
is a substantiNghky aliphatic |inker conpri gty from
about 15 to about 150 non-hydrogen atonms and up to
one powﬁg;eyﬁx}cigqcr(gqjl-.q is a dye constituent selected
froma uorescent nucleic acid dye constituent, a
non-fl uorescent nucleic acid dye constituent, a
f | uor e88edt dyedravingdhestcuchoed dye constituent, and a

:

2¥

NI*\ g ; 1 — s
©:S>_— g _N\/\/\/U\NH/\/\O/\/O\/\O/\/\H_H/\/\/\Né ;=ﬁ_\<NJ©
(o}
/

wherein W is I or CI..

40. A dye having the structure:
NHo 2y
< 0 QL)
N

NHjp
wherein Wis I or CI..

41. A composition having the formula:

Q4 BRIDGE |——Q,

Qs ,

wherein BRIDGE is a substantially aliphatic linker comprising from about 15
to about 150 non-hydrogen atoms and up to one positive charge; Qg is a dye
constituent selected from a fluorescent nucleic acid dye constituent, a non-fluorescent
nucleic acid dye constituent, a fluorescent non-nucleic acid dye constituent, and a
non-fluorescent non-nucleic acid dye constituent; Q, is a dye constituent selected
from a fluorescent nucleic acid dye constituent, a non-fluorescent nucleic acid dye

constituent, a fluorescent non-nucleic acid dye constituent, and a non-fluorescent non-

nucleic acid dye constituent; Q3 is a dye constituent selected from a fluorescent
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non-fl uorescent non-nucleic acid dye constituent; @
is a dye constituent selected froma fluorescent

woe@bewoaci d dye constituent, a non-fl uorescePtT/US2006/009910

nucleic acid dye constituent, a fluorescent

n c CaRCly ops . . .
"ARCCAS C4AC R OI A B uBic cid e copgitent,

i fluaredgomt comsti¢clticencid dyd emtstitheht, aml a Hdnufbwereswent nomducleic acid

2006/ 099605 PCT/ US2006/ 009910 cleic acid e

CORE CPRIHAL 31 T oPF (e coReontyed e SufoeiuieRs, e 0 dye

C epdikdedEind the Qh layo R Ikt RON rdpekLlfe SsHsHINE af least one dye

constituént, and a non-fl uorescent non-nucleic acid

dyensm@mt iof utént Q1 atyel eanstituonte g eQr dlyie t ¢omsidentpfand hie Qs dye

nst uent con u and th .

oty EeebRc PiERiens B0Geiract fus SGPRMEBHEN paBRoleifent mucteic

| qgigtd réﬁnﬁi\ﬁﬁant Cidshé tepontr @fe édnetit@ntthnd tBOAGbicb¢t@Nbucleic acid

t he e constituent, and the @B dye constituent is

adye G@Eél Biare andonally thesamedye constituent or a

non-fl uorescent nucleic acid dye constituent; and the

report .eic

o d G TE PRI S AN, Wifrin BRTBEEAMmAE®! T e

conposition of claim4l, wherein BRIDGE conprlses

T XR0CH,) | 452 (CHZ) O AT-EH)CHIN -(CH ) |o[A°-(CHo)e— e
[ AB- ( C&'gglz(‘&qlf)[;ﬂﬂ‘q? &Iﬁ?)nﬂ]gléf@()@ﬂdﬁo (Fﬁ{z)a@]; @CHQ’)

-A10-L2 wherein each of L, and L2, independently, is
a noi e ifngl
o ReRATRAEbRS, 3 DRy SRR g o s
o pbhdyrsgpdiymethplepe 'umit hgvmg 1lceden toakot d2enrboas,anclusive, optionally
sel ected fr S, or an. aryl i onal | .
cGABPTISAgH oot necheiBRatiie e Eeddists SERDERES: Y gyl ogtionally

a%@mﬁusl%% al Bag OYeheRid Moﬁ%@fé@!teﬂ%o%‘ﬁ dymdapnst i t uent
dye constituent and dye Constituent;

L2 i s davntwntenily bounditot anctdye c@yﬁltmmgt‘ theu@rdyegpnstieent and the
Q#%z%ée cog_ﬁg fuent and the @ that is other than said

§ &0 ‘tuent; each of A, A2, A3, A4, A5, A6,
A7, A8 Mﬁ@eo@[&ﬁtl&b@und e Eee d@ﬁﬂtitﬁ/e.nt bfthe Qy dye constituent and the
nucl ei c-aci d- bi ndi ng- enhanci ng-group (NABEGQ; a

biQertkd driothendhan gid PBhdYd PuSEBAMF | si ng at | east one

het ero el act ad fronsNA60 pangds Syo 0 d e i
sat ur at géh H}S% b% Bgn’e e?‘]esz’dArl ng, gO’p o%naﬂa{q S itfep@iently, is a

c Qlﬁblﬁ:i(ﬁ&ditﬁbﬁlﬂlﬂgeaaﬁmn@m@gmpe r(NA%E@f) s ei eb:ﬂaﬂdleﬂr aibfcyl N,optionally
O and S; each of a, #1 § ¢ i
| raBpERasaAt legst ong Dstasiiah sahcieRifen R gt § orablek ope saturat

2@, o} BGhiabeted rlﬁg, (gbtﬁ)fnal"l‘y cg’mpﬁsm% at I%astfone%etéﬂa affsdlected from
i ndependently, i ero or an integer froml to
N, O and S;
each of o, B, 7, 8, &, &, 1, 0, and 1, independently, is zero or an integer from 1
to about 20, inclusive;
eachofa,b, c, d, e, f, g, h, and i, independently, is zero or an integer from 1 to
about 20, inclusive; and

one of AL, A%, A3, A* A5 AS A7 A8, A’ and A'° has the formula:
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about 20, inclusive; and one of A, A2, A3, A4, A5,

A6, A7, A8, A9, and Al0 has the fornula: 100 WO
wWQ26HBOH05 PCT/ US2006/ 009910 -- T - i B RGI/US2006/009910

wherein T is a substituted carbon, a substituted

ni trogen, or an aryf—eptionally conprising at | east

one hetero atomsel gcted from0, Nand S; L3 is

coval ently bound to,/(B and is a noiety conprising a

singl e bond; a polyfethyl ene unit having 1 carbon to

about 12 carbons, inclusive optionally conprising at

| east one he ro om S q

ary - opt i onSHEGPIR gy SHARGELES camOn, bisebHBREd lagisny O an ary
sel ect 6 tuﬁﬂa‘HTc Cﬁgs%g@t @ast (ﬁ@‘ﬁet@ro A steib%teﬁQfdﬂb"‘N and S;
-(C2)a -[A 2 (CH2)y'-1b' [A13_(CH2) 8,

Jc Ald_ whési eq ¢pvaleaip aun t@ Qoanal lemmtyleuyu qerudising arsingle bond;

a9 ALy FRUATR. e e, K9 io SHRL 25 Bl s,

bi ndi ngpﬁdsﬂaumbﬂ@ngmgupleéMEﬁktercaatbmtémﬂ fedrKW, O and S; or an
opti onal | y nprising at | east one hetero atom

sel ect 8y ppa%taﬂly QMpHEIng: at dgasgene hedergratosp selggied frgpely, O and S;
5- or Gsgrenbered ring optionally conprising at |east

one hetero atom selected fromN, 0 and S; each of a',

(3", y', an® 8is ths foradgpendent|ly zero or an integer

from1l to about 20, inclusive; and each of a' b', and

c' is independent&é{zero pr_an integer froml

about 20, i ncl usitdl2)AdA A(CBnpobildi cﬁ@fh%m]w{é\t ﬁ@HZ)S"]c'A -
formula: Q BRIDGE @ R wherein BRIDGE is a

substan 11 IR SRR GRG0 AR covaeny
positive chainpalto@s;is a fluorescent
each of A, A AB, and A is independently a nucleic-acid-
binding-enhancing-group (NABEG), a branched alkyl optionally
comprising at least one hetero atom selected from N, O and S; or at
least one saturated 5- or 6-membered ring optionally comprising at
least one hetero atom selected from N, O and S;
each of o', p’, vy, and &' is independently zero or an integer
from 1 to about 20, inclusive; and

each of a’, b, and ¢’ is independently zero or an integer from 1

to about 20, inclusive.

43. A composition having the formula:

Q

BRIDGE —Q,

R,

>

wherein BRIDGE is a substantially aliphatic linker comprising from about 15
to about 150 non-hydrogen atoms and up to one positive charge; Q is a fluorescent
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101 WO 2006/ 099605 PCT/ US2006/ 009910 nucl eic acid dye

constituent; Q is a fluorescent nucleic acid dye
w@oshydeaent ; and Rr is a reactive group or apCT/US2006/009910

functional group. 44. The conposition of claim43,

WagEIBichcRRlye@ansR iR 628 ﬂudfés EfYindc{ei@d@d

| ARt e Son B, PPl 8 HUGaSo R ISR dye cousfifuent; and Ry is

[A@eB(C@FQEIOUPfOFA‘fHIQC@IGIEﬁr%T?Ig{ AB-(CH2) e-]h[A9-(CH2)ti ]1

A10-L2 vvhere| n each of L1 and L2, mdependently, is a

noi ety 4 OHR thyl ene unit

havi ng car §ﬂnB %1&0@5P@$@4%§V%%6&§B&9b§% IRY,P 1568

optionally conprising at |east one hetero at om

sel ect el- tAbmm»aqataﬁqcm)selb[@ﬂ(@w—]m (OHA A - (GHay

con‘prls“g;? at | east one hetero atom §e ected from

and S; [A @Iéz)cdf[él <0He)i- hb‘& nECHDo-d e dGEL kot -Larent

of the QL dye constituent and the @ dye constltuent

L2 is | u ntltu t of t.h

2 b SR TP 9, 0TS R s s
obendj)aq:)o(bpﬁ&hyléhlenml h&aﬁ@ 1 @hrbAit to Aout AZ ,cap'%ns Afcluge, optionally
A7, A8, A9, and Al10 , independently,

nGemBTising af leas ongi hedere o srlaefed i@ﬁpl\k I@AM opan aryl optionally
bE&ﬂ?ﬁﬁH 163 oﬁphétgmlt&ﬁi sﬁ%@lgﬁ’ﬂog{ ggo%d'seast one
0O a an ,

om sel ected from or af |east one
sat ur afgds coalently bemmhtoerme dye iconstitwgmt bbthalQye constituent and the

C rising at | east one hetero atom sel ected from
N%ﬁ%l%onsg%ﬂuof a, (3, y, 6, s, ~ rl, 0, and t,

' n depe ﬂ? %ﬂédv)ilenﬂ? bé@ﬁthoothe ﬁ?e b&ﬁsﬁﬂﬁeﬁt I)if t‘flg‘dl I'}IIE Qoﬁskfﬁ?&gnt and the
i nclusive; each of a, e, f, ,

|Qdépélﬁdﬁh@rltbansasdz@rdyemonanwmt eger from 1to about

20" and EEOh B AncAToRmity ASERL Ry i A7) s Mepdidenty, is

snbatnlctmtdesinaﬁlgk&nan@ngsgmpl {(NAEBE®); t 008 Anchell Alkydr Yptionally
optionally conprising at |east one hetero at om

s 6PBPHEAE A least one Retarpoptan splecied fiopy Bl OrndyS; 9o atlgast engpaturated

Sgd )(?fng trﬁerﬁ%rr](g& %J'ilrl] Q irohahn&)fﬁ%&n%!ﬁtel[eo agg ll}{:f'éicbatom selected from

cay, ﬁDzmiLSI ncl usive, 102 WO 2006/ 099605

PCT/ US200Q6/ 009910 i . )
each of a, B, 7, 6, €, £, m, 0, and 1, independently, is zero or an integer from 1

to about 20, inclusive;

eachofa, b, c,d, e, £, g, h, and i, independently, is zero or an integer from 1 to
about 20, inclusive; and

one of Al, A2 A3, A4, A3, AS A7) A% A, and A'° has the formula:

_—T]
|

?I
La
|
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;
L3 is covalently bound to R; and is a moiety comprising a single bond;

a polymethylene unit having 1 carbon to about 12 carbons, inclusive,
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optionally conprising at | east one hetero atom

selected fromN, 0 and S; or an aryl optionally
wewpndsdfhg at | east one hetero at om sel ect ed PCDOSNN6/®9910

and S; and B' has the fornmnula:

-(CH2) a,,. - 1-(CH2)R  "ja' -(CHY Y 10" [[AL3x .
| o ol Sompritgasihs ohe HEEHATIH PR HRRIN §Hpk'S; oran
and Algyi %‘tﬁﬂl}iﬁ& _@Gﬁlbﬁsing lahleast dne Hefero emehsddéctd froMIR, O and S;
Al3, and 4 is"independently a nucleic-acid-

bi ndi ngadenhanci ng- group (NABEG), a branched al kyl
optionally ¢ i Si at | east one hetero atom

sel ect ed frgnﬁ%%?)fné %% or at |east one saturated

5- or 6-nenbered ring optionally conprising at |east

one hetero atom s@Hgyt.q@ﬁ.gg@é\Ha,p&éx(@}@Y,_Mm-g(tHgg,T]dA“-,
P, vy, and 6' is in&%pendently zero or an integer

from1l to about 20, inclusive; and each of a', b', and

¢' is i ndependenthyreier(CHo). Wreovalertelinkeddenliandt4y ~ is covalently
about 20, ipclusive. 45. A method of using a dye,

conpri si ng: ﬁ@fﬁ%stﬂéﬂti ng the conposition of claim44 to

a substrate nol egsdheor A8, ATHa'Preinkdod* of irdkpéndeddy a nucleic-acid-
wherein the substrate noleciule is selected froma

nucl eot i de, biading-énfenciog-gonipd dNABE et 2 dbranghgdy gl optionally
a hapten, a drug...a.mcroparii.cle ' . t
pol ymer, a ﬁ%ﬂlﬂﬁ%{flg 6&63% ?rte‘?& %\ét%!ooqt%lgi Sgge?'é{ggg? I%lqg’ O and .S’. ora
vir Esd apd BaBDbAC Witera@fd & of GHinembered airgy, optionally comprising at
nmet hod of preparing a sanple tha or y not

conpri se nukqaé‘i%lehﬁtqf‘éi?w&b?%‘ﬁteéﬁﬁ‘g‘g%r%@?‘ggﬂg a

conbi nati on of t S reprand > i 1 2frod8 an int
of clainmse 21, 3 Scahngf%’?ﬁ gﬁé?{é{]s; llgﬁﬁgﬁ%#ééflg&ac{rg isan tieget
present in floen $anFloRt 2@ inclasies;andci d-dye conplex is

fornmed. 48. The net hod ,of, claimd47, further conpri.si ngr
i ncubat i ng the ceadl ofa'i Bnand ¢ dsindepensiepiingyg@s an integet from 1

PCT/ US2006/ 009910, 4 thod of determ ning
presence orgoaésil%oélg%g’%?ﬂurs%gfei c acid in a sanple,
conprising: providing a conbination of the sanple and

t he cordpo inkthiod of usiny aalye,adoaiprsing:

—

conjugating the composition of claim 44 to a substrate molecule.

46. The method of claim 45, wherein the substrate molecule is selected from a
nucleotide, an oligonucleotide, a peptide, a protein, a hapten, a drug, a microparticle, 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 may 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-dye

complex is formed.

48. The method of claim 47, further comprising incubating the combination.
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21, 30 and 41, wherein if nucleic acid is present in
the sanple, a nucleic acid-dye conplex is forned; and

WO bdoandases i ng the conmbination with |ight at a PCT/US2006/009910

wavel ength sufficient such that if a nucleic

aci d- canplaeseinddfop H%ﬂnfnlﬂ% reSthke bﬁa@@ﬁ&r&qﬁlcfeiheﬁc‘?@ﬁ a sample,

and determning fluoresc em ssi on or
t kempysing50. A k| t for determ ning nuclei c aC| d
formati a | | ack t

ry moP il RoRp i Uy, il SRR compSSqtof Sy of claims

canpsi shd g1, aiheieﬁﬁ&’f m@ic ca@mequégeﬁnnﬁthfefdaﬁipwta hfleic acid-dye
anplification_ of the target nucleic acid in the

s &pPExdhbmadiand sanpl e conprise the target nucleic
ac' d; 1ggﬂnlﬁamg%oﬂb%t18£ AR héﬁt at la%a%le%&fh s%%ﬁcaenq such that if

a nuclelc acid-complex is formed the light is absorbed thereby, and determining

fluorescent emission or a lack thereof.

50. 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:

at least one composition sufficient for amplification of the target nucleic acid
in the sample should the sample comprise the target nucleic acid; and

a composition of any of claims 21, 30 and 41.
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