PRI MER, PRI MER SET, AND NUCLEI C ACI D AMPLI FI CATI ON METHOD AND MJTATI ON
DETECTI ON METHOD USI NG THE SAME BACKGROUND OF THE INVENTION 5 Field of the
| nvention The present invention relates generally to a prinmer set for
anplifying a target nucleic acid sequence, and a nucleic acid anplification
met hod and nutation detection nethod that use the sanme. 10 Description of
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wi dely. Specifically, a known nethod uses a fluorescent substance whose
fluorescence intensity ' ] .IW?‘E i1 target nucleic acid
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substance emts uor escence. ore neasurenent of the fluorescence
intensity of the fluorescent substance of the prinmer nakes it possible to

deteciy fPls&XpBhOf thdRel@UAFENCE Or amount of anplification, or the
presence or absence of a 25 nmutation to be 1;cl(ft ected in the target nucleic
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chom a3, S0 SpyolHRrRl el uBlRERlee by roBfiAAR witlbiig) 11
T., LittlBght. Wieso) takget mBickeiecieibbequence is amplified using a primer
labeled with such a fluorescent substance, for instance, the primer
20 hybridizes to a target nucleic acid sequence of a template DNA to form a
double strand, and thereby the fluorescent substance emits fluorescence.
Therefore measurement of the fluorescence intensity of the fluorescent
substance of the primer makes it possible to detect, for example, the
occurrence or amount of amplification, or the presence or absence of a
25 mutation to be detected in the target nucleic acid sequence.
However, there is a possibility that a conventional fluorescent
substance may emit fluorescence, even when, for example, no double helix
structure has been formed. Furthermore, for the purpose of quenching
fluorescence of only a primer or probe labeled with a fluorescent substance,
30 the method using fluorescence resonance energy transfer (FRET) is effective
(for example, Tyagi, S., Kramer, F. R. (1996) Nat. Biotechnol. 14, 303-308;
Nazarenko, I. A., Bhatnagar, S. K., Hohman, R. J. (1997) Nucleic Acids Res.
25, 2516-2521; Gelmini, S., Orlando, C., Sestim, R., Vona, G., Pinzani, P.,
Ruocco, L., Pazzagli, M. (1997) Clin. Chem. 43, 752-758; and Whitcombe, D.,
35 Theaker, J., Guy, S. P., Brown, T., Little, S. (1999) Nat. Biotechnol. 17,
804-807). However, it has problems in, for example, cost due to the
introduction of two types of fluorescent dyes.



804-807). However, it has problens in, for exanple, cost due to the

I ntroduction of two types of fluorescent dyes. 1 Thiazole orange, which is
one type of cyanine dye, is known as a fluorescent dye whose fl uorescence
intensity increases through an interaction with DNA or RNA. There are
exanples in mhich a fluorescent probe was intended to be produced with
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(18), -ang; gullﬁbjP 3942627 B). Similarly in this method, a fluorescent substance as
described above is used, and there are demands for a fluorescent substance

20 that allows more effective detection.

SUMMARY OF THE INVENTION
Hence, the present invention is intended to provide a labeled primer
and primer set that are used for amplifying, for example, a target nucleic
25 acid and that allow the double helix structure of nucleic acid to be detected
effectively, as well as a nucleic acid amplification method and mutation
detection method that use the same.
In order to solve the aforementioned object, a primer of the present
invention is a primer for amplifying a target nucleic acid sequence, wherein
30 the primer is a labeled nucleic acid including at least one of structures’
represented by the following formulae (16), (16b), (17), (17b), (18), and (18b):
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E* (18 b) where in the formul ae (16), (16b), (17), (17b), (18), and
(18b), B is an atom c group having a natural nucl eobase (adeni ne, guani ne,
5 cytosine, thymne, or uracil) skeleton or an artificial nucleobase
skeleton, Eis: (i) an atom c group having a deoxyribose skeleton, a ribose
skel eton, or a structure derived from.ither one of them or (ii) an
atomi ¢ group having a peptide structuﬁé or a peptoid 10 structure, Z11 and
Z12 are each an atgm c group that exhijpits fluorescence, and 5 may be
identical to or diffferent from each ojlfer,
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L', L2, and L3 are each a linker (a linking atomor an atom c group), the
main chain length (the nunber of main chain atons) is arbitrary, they each
may or may not contain each of C, N, 0, S, P, and Si in the main chain, 5

t hey each may or may not contain each of a single bond, a double bond, a
triple bond, an am de bond, an ester bond, a disulfide bond, an imno
group, an ether bond, a thioether bond, and a thiogster bond in the main
chain, and LI, L2, and may be identical stp or diferent from one
another, Dis CR N, P, =0 B, or SiR andfR is a hydrogen atom an al kyl
10 group, or an arbitrafy substituent, b is a si ngl e jond, a doubl e bond,

or atriple bond, or ig the fornul ae (16)/@ d (16b), L\ and L2 are each the
linker, L3, D, and b t be presentg’and LI and L3 may be bonded
directly to B, where fornulae (19), (17), and (18), Eis the atomc
group 15 descri bed*+ S ast one 0 atomin a phosphoric
acid |linkage may be ubstltuted W amNS atom in thelfornmul ae (16b),
(17b), and (18b), Eig thegtomc urogg yescribed in ifem(ii), and in the
formulae (17) and (17h), the respedti Bg may be identfcal to 20 or
different fromeach otlher, and the MNespeetive Es may befidentical to or
different fromeach other. A priner sjet of the present

invention is a
prinmer set for anplifyi\ng a target nucleic acid sequepce, wherein the
prinmer set includes a pwir of prineﬁ%, and at Teast ghne of the pair of
primers is a prinmer accoyding to the 25 present inveation. A kit for
nucleic acid anplificati qn of the present invention ys used for a nucleic
acid anplification nethodMfor anplifying a target ndcleic acid sequence,
wherein the kit includes a prinmer or prinmer set according to the present
invention. 30 A nutation detection kit of the present invention is used for
a nutation detection nethod for dete g t he presence or absence of a
mutation in a target nucleic acid sequenc wherein the nmutation detection
kit includes a kit for nucleig acid anplificapiton accqording to the present
i nvention. l
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(18b)
where in the formulae (16), (16b), (17), (17b), (18), and (18b),
B is an atomic group having a natural nucleobase (adenine, guanine,
5 cytosine, thymine, or uracil) skeleton or an artificial nucleobase skeleton,
E is:
(i) an atomic group having a deoxyribose skeleton, a ribose skeleton,
or a structure derived from either one of them, or
(ii) an atomic group having a peptide structure or a peptoid
10  structure,
Z11 and 712 are each an atomic group that exhibits fluorescence, and



35 A nucleic acid anplification nethod of the present invention is a

nmet hod of anplifying a target nucleic acid sequence contained in a nucleic
acid sanple, wherein the nethod includes: 6 (Al a process of preparing the
nucleic acid sanple, and (B) a process of anplifying the target nucleic
acid sequence contained in the nucleic acid sanple using a priner or a
primer set o or 5.(B") a process of including:
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may be suﬁstlgurg()ed wit. g atom,

in the formulae (16b), (17b), and (18b), E is the atomic group
described in item (i), and

in the formulae (17) and (17b), the respective Bs may be 1dent1ca1 to

20 or different from each other, and the respective Es may be identical to or
different from each other.

A primer set of the present invention is a primer set for amplifying a
target nucleic acid sequence, wherein the primer set includes a pair of
primers, and at least one of the pair of primers is a primer according to the

25  present invention.

A kit for nucleic acid amplification of the present invention is used
for a nucleic acid amplification method for amplifying a target nucleic acid
sequence, wherein the kit includes a primer or primer set according to the
present invention. _

30 A mutation detection kit of the present invention is used for a
mutation detection method for detecting the presence or absence of a
mutation in a target nucleic acid sequence, wherein the mutation detection
kit includes a kit for nucleic acid amplification according to the present
invention.

35 A nucleic acid amplification method of the present invention is a
method of amplifying a target nucleic acid sequence contained in a nucleic
acid sample, wherein the method includes:



30 as described above, for exanple, the presence or absence of a target
mutation in a target nucleic acid sequence al so can be detected with

excell ent sensitivity. The present invention is excellent in nucleic acid
detection sensitivity as descri bed above and therefore can be used for w de
range of applications, for exanple, study, clinical use, diagnosis, in

vitro 35 gene gﬁ)ﬁ rb@Ls A ebiritisPedtideidaiced khMiple BRIEF DESCRI PTI ON OF
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t her ew t RontdiGed Snshouwsicleidblid s@idblerasmgspprimemnens primensei on product of
DNA ol i gongr 5’ -d(CGCAg\TXT 3" and a biotin derivative; the arrow
shows thégaé‘gén%gﬁ?lfﬂ B 2rrllaved fromthe purified product, and 15 the
cal cul ated val ue of [BRMa picsesbetihvbhidizing arsingleastzanded avelaicacisy

mol eyl ar L9 4 /5NaeS i bE foBhENEE

t her gy\n t ﬁ.e&ﬁ%%b g%%%%i&?% é’%@ﬂégect r u%@é%%é%‘gyv%wgﬁrgnpound ( DNA

| abel ed i kabeledinuglesf acid contaiping ap east@nepishmiiuses Frireserted by

d- d wth d h in FIG
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with a dye) shdwmutatiopgetectipn methogipfitie PyesqRicivgnbOT I demel s of a
f 1 uor esceple iy tROpPldcHRERE aHRERESHNG rhetAEKRARhEgdthRlclveraid N a single
strand state, a . . . . . . )
15  sequence contained in a nucleic acid sample, wherein the method includes:
(a) a process of amplifying the target nucleic acid sequence
contained in the nucleic acid sample by a nucleic acid amplification method
according to the present invention,
(b) a process of measuring fluorescence intensity before and after the
20 process (a), and
(¢) a process of detecting the presence or absence of a mutation by
comparing the fluorescence intensities to each other that are obtained before
and after the process (a) that have been measured in the process (b).
When the primer of the present invention and the primer set of the
95 present invention are each a labeled nucleic acid containing one of the
structures represented by the aforementioned formulae, it becomes possible
effectively to detect amplification of a target nucleic acid sequence, for
example, when they are used for a method of amplifying the target nucleic
acid sequence. Furthermore, since amplification can be detected effectively
30 as described above, for example, the presence or absence of a target
mutation in a target nucleic acid sequence also can be detected with
excellent sensitivity. The present invention is excellent in nucleic acid
detection sensitivity as described above and therefore can be used for wide
range of applications, for example, study, clinical use, diagnosis, in vitro

35 gene detection, and in vivo gene detection.

BRIEF DESCRIPTION OF THE DRAWINGS



DNA- DNA doubl e helix state, and a DNA-RNA doubl e helix state,

respectively. FIG 10 shows fluorescence spectra of the three sanpl es of
the fluorescent DNA oligoner shown in FIG 9 that were in a single strand
state, 30 a DNA-DNA double helix state, and a DNA-RNA doubl e helix state,
respectively, which were obt ai ned using excitation light with a wavel ength

of 488 nm FlI sho fl uor en e spe a of t t hree sa | es of the
fl uor escent DNEI%%1 e laﬁﬁ’ﬁﬂh @“fahg’ts rhenpﬁ%lrprﬁlo kg 1 and

state, :ﬁﬁegerw\i&v@moﬁoubl e heli x state, and a DNA-RNA doubl e helix istate,h
respectively, tai exci t tlonl ht with a el engt _
of Elo ri my8 g’t&f%& \EIE ﬁ cmﬁ eEHA ’d’rﬁSlI#efgmo"‘l‘ compely é)icent DNA
ol i goner sacexarmplyy t o anot her exarrpl e that were |n a single strand state, a
DNA- doubl e IX St at a «~RNA dou x_stat.e,

respeltively. ?@fé}( }iogv%ﬁ[g\ﬁé{}fllagjo SREEHE 3’(’5 minh%ncftﬁ‘%e sanpl es of
t he fluunmmdmaamph@r shown in FIG 12 that were in a singl e strand
state, a DNA- I X state,
respectively. Dlliﬁgj%l%o ﬁsﬁggﬂéﬂ?%% nlg‘ﬁﬂﬁegf AfI uor escent
DNA 10 oliggoreard’ '&KGG@‘LA@MCGG) &nﬂhmarrowa]mqykrethdﬂatassarealﬂ n a single
strand t e helix
Stare, IALOES) Aobien AU AN A bloAl® End RHE B EVAIESHE' 7 o,
sarrpﬂ%s Iﬁﬁ lﬁérﬁeb%@&d omrcadewlgbed wablmﬁmolecula@wmhmﬁmﬁ&se in a
Singl e SR R0k ad Bk RhA ﬂaw&ie% fightwiglate, and a DNA-RNA doubl e

helix state, respectively. FIG_ 16 _shows pectra of three sanples of a

f1 uorescent DNAIGoI5 Hhaws a m'E@E@&ﬁétspmtlﬁb?f%%%ﬂﬂ@Pmuoﬁ/@fe in a
single sujmobzﬁgoaﬁ@ 5 ﬁd@%\aﬂﬂqﬂm@@chs* a%d 8lKbEn ERVAIVHERENA doubl e

hel 1 x st Asiw sgogvesst gcr}aégsepgak (4554.3) derived from the purified product, and
15  the calculated value of [M~HI~ is 4554.4 based on a calculated value of
molecular weight of 4555.4 (C134H176N52076P12) and therefore matches
therewith.
FIG. 6 shows a THNMR spectrum (DMSO-d6) of a compound (DNA
labeled with a dye) of an example.
20 FIG. 7 shows a chart of reversed-phase HPLC of the compound
(DNA labeled with a dye) shown in FIG. 6.
FIG. 8 shows a MALDI-TOF mass spectrum of the compound (DNA
labeled with a dye) shown in FIG. 6.
F1G. 9 shows UV spectra of three samples of a fluorescent DNA
25  oligomer according to an example that were in a single strand state, a
DNA-DNA double helix state, and a DNA-RNA double helix state,
respectively.
F1G. 10 shows fluorescence spectra of the three samples of the
fluorescent DNA oligomer shown in FIG. 9 that were in a single strand state,
30 a DNA-DNA double helix state, and a DNA-RNA double helix state,
respectively, which were obtained using excitation light with a wavelength
of 488 nm.
FIG. 11 shows fluorescence spectra of the three samples of the
fluorescent DNA oligomer shown in FIG. 9 that were in a single strand state,
35 a DNA-DNA double helix state, and a DNA-RNA double helix state,
respectively, which were obtained using excitation light with a wavelength
of 510 nm.



FIG 17 shows fluorescence spectra of the three sanples of the fluorescent
DNA ol i goner shown in FIG 16 that were in a single strand state, a

DNA- DNA doubl e helix state, and a DNA- RNA doubl e helix state,

respectively. 25 FIG 18 shows graphs illustrating absorption spectra,
excitation spectra, and em ssion spectra of several types of fluorescent
DNA ol i goner  gUERrdi skhwOTAN PP be thieGandPles sl @s@pbent DNt r at i ng

absorption spectra, excitati spectra nd emi ssi on .spectr f. ot her
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di agr ans DNALBN Aldonblchsldx ptatenasdacDNA-RNAidvadldhelirsaster i ng t he
absorption spectra of a fluorescent DNA oligonmer according to an exanple
at vari od§® Cr%bveerl%“t ures and concentrations. FIG 21 is a CD spectrum
di agram of a ddiii}.d shewslflabtaicance sp&ctrd b tiyhtimeersagiplasiofnhef a
f | uor esconjo DA QD RABEe Ao RIS RTRING. 13 (hatRoN'E (HIARBRR] USt T ati ng
absor pti sSec Fa, eXCiTatT on spectra, and _em ssion_ spectra of anot her
f | uor escatateDADYA-FiNArdoublabebix ditate, todam DNAMNA, deubde hebixi fate,di agr am
showi ng fbg]gé&%qgce em ssion of a double strand obtained through

Ul

hybri di ZAtToN ‘Of hnot her fluorescent DNA ol | goner of an exanple. 5 FIG 24

shows graphs i IFl§stashaevss BDS epentranf sheee samples of i BaowesceripPNAa of
anot Ber I IRLRSCARbrdiNg 18! dtHPHRAIAGSALALPR (hat er@iAPhRiele Eirind25 is a

Pybr1 i 2 8631, PRDRUTUNACYSEHE heK 5 1cg imer DRVAHRN By daitle MR wiPoet ed i t h
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concantrati on_ St oL oAb LOGRHCEREn CaFGERALEE Faie SABP dPescant DNA
ol i goner fhgsieseiMdDNA digaxanphewnAih@FIR 714 tovsweradr aminglelsysdnidit i ng t he
LAl 68 Ol BRAETHGA dtu T heRL Uhald! B Ph PHUATNAOE A A0 NR O 2
respectively.
FIG. 16 shows UV spectra of three samples of a fluorescent DNA
oligomer according to yet another example that were in a single strand state,
a DNA-DNA double helix state, and a DNA-RNA double helix state,
20 respectively.
FIG. 17 shows fluorescence spectra of the three samples of the
fluorescent DNA oligomer shown in FIG. 16 that were in a single strand
state, a DNA-DNA double helix state, and a DNA-RNA double helix state,
respectively.
25 FIG. 18 shows graphs illustrating absorption spectra, excitation

spectra, and emission spectra of several types of fluorescent DNA oligomer
according to an example. |

FIG. 19 shows graphs illustrating absorption spectra, excitation
spectra, and emission spectra of other fluorescent DNA oligomer according

30 to an example.

FIG. 20 shows diagrams illustrating absorption spectra obtained by
measuring the absorption spectra of a fluorescent DNA oligomer according
to an example at various temperatures and concentrations.

FIG. 21 is a CD spectrum diagram of a double strand obtained

35 through hybridization of a fluorescent DNA oligomer of an example.

FIG. 22 shows graphs illustrating absorption spectra, excitation

spectra, and emission spectra of another fluorescent DNA oligomer



FIG 28 is a photograph show ng differential interference neasured when a
fluorescent DNA ol igonmer of a reference exanple was introduced into a
cell. FIG 29 is a photograph taken while fluorescence was observed when
20 a fluorescent DNA oligonmer of a reference exanple was introduced into a
cell. FIG 30 is a photograph show ng FIGs. 28 and 29 that were

superi nposed on each other, FIG 31A is a photograph taken while

f | uor esc @R APE 1O BBHXAPPIer5 when anot her fluorescent DNA ol i goner of a
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i ntroduced 35 i cel k. FIG ;34 shq reqi.on, containi ng,a target

el o 6 aci o sEqiarbds RdingepR sovBR AR i G Reste e 2

exanpl e. wierFa BNAStiandhgbeigiveshwyibng flworesveht DN Atdligompraifiare obt ai ned
when anekgﬂlhﬁgwgasl(}igg%:dgvﬁglgﬁmsé%ct|on was carried out by the SVMAP

met hod 1'nan exanpl € I IsTa"partial enlarged viewof FIG 35. 5
FI G 187 shows K6 8bsiseotiiagrainnshawingrthetresulisef obseivatimamfdhee of  H3IN2

nd se | | S s ; . . raphs
1 ust rarhabee B, ABELQURELITELip el ARificd by ShadBidlOE T OPIT: cati on
~ react i onsopgendratien ratio@fthe gomplegpnrarynBPNHodtvamdatie @fuapiscentDYA 38A,

Wi th respRebmie? dcBSrdifgeh a@e8@hplel ONs @ 10 and b, and FIG 38B, with
respect to the raacti h solutions ¢ and d, show the
FIG. 27 shows diagrams illustrating the states of fluorescence

15 emission in a blotting assay according to a reference example.

FIG. 28 is a photograph showing differential interference measured
when a fluorescent DNA oligomer of a reference example was introduced
into a cell.

FIG. 29 is a photograph taken while fluorescence was observed when

20 a fluorescent DNA oligomer of a reference example was introduced into a
cell.

FIG. 30 is a photograph showing FIGs. 28 and 29 that were
superimposed on each other.

FIG. 31Ais a photograph taken while fluorescence was observed

25 when another fluorescent DNA oligomer of a reference example was
introduced into a cell.

FIG. 31B is a photograph taken while fluorescence was observed
when another fluorescent DNA oligomer of a reference example was
introduced into a cell.

30 FIG. 32 shows diagrams illustrating the change in fluorescence with
time after an identical DNA oligomer to that shown in FIGs. 28 to 30 was
injected into a cell nucleus.

FIG. 33 is a photograph taken while fluorescence was observed when
another fluorescent DNA oligomer of a reference example was introduced

35 into a cell.

FIG. 34 shows a region containing a target nucleic acid sequence as
well as sequences of various primers in an example.

10



results of fluorescence intensity detection carried out at the FAM
wavel ength (492 nm/ 516 nm and the Cy5 wavel ength (635 nm/ 665 nm,
respectively. FIG 39 shows graphs illustrating anplification profiles
obtained 15 when isothermal anplification reactions were carried out by
the SMAP nethod in an exanple, and shows the results of fluorescence
intensity det $CCi. a6 igargﬂapﬁ howiak zirh&n:ﬁﬁ‘ﬂomioml erofile obtdpedwliers16 nm)

and the el engt nm/ 665 t ect to
the react dﬁ vage F’tﬁ‘ilf’g’f‘r@% %ﬁ%n Feacﬂflﬂ’v cﬁ‘ﬁ{llsé%gﬁ th ﬂ{]eySI\ﬁﬂ]':‘ thdifio8

anpl i fi céd agrexanoplel es obt ai ned when i sot her nal arrpl i ficati on reactions
were carried o b the S F13 %T@ and shows the results
of fl uorescenci¢I &Ef’t% 1@{1@%(1 Carrie og%% at the FAM wavel ength (492
inn /5516 nm aﬂﬂr Bﬁesmrmwammtanﬁeﬁn@s ipayid yesgroaee pfely, with
respect ‘ff’srllﬁ %%gfe%e@?ffﬂluﬁ Pltncrs \?\*}ﬁexéﬂﬂﬂé FIG 41Ais a graph

show ng anpl | | SOt her li.fication
reactions WereF(IQr |3|‘8€Et110@{ﬁt gitap hshlusfuaping p madify qfitloélri”gb%é?ﬁﬁ 2198 shows t he

results tihatSyiage FAM
wavel engt 4 g%ﬁéﬁ@ﬁ%bﬁ%ﬁ&bgﬁegﬁﬁﬁﬁﬁ e cﬁi“ﬁéﬂ %ﬁt%{# th@ S 665 .

respect i vegtpodvintan exempls I@taﬁéﬁ’r"é’ébtreéﬂe(’tst& %CW’ BPRILIONSA | 5 a graph
showy g ARl b fdrﬁ?FIGne.sBOwlﬂ%eép%awmb WeRior muﬁenmlarﬁm éHdve ghé on
reactions were fﬁr“ ed out thedg hod P g,gwl and shows t he
resul ts &esyltsg 5‘8%‘%?@%“?‘?1%%%’@ é?@&‘fl? Bfi‘F 8‘&? Pt ERE at the FAM
wavel engwh«ecl&zgﬂhnmzﬁi;ﬁ /816 AR anffiet ey Syb weaallemghh(6863Em 1865 B3, nn)

respective@g h respect to the reaction solutions g, h, i, j and k. 11
FIG 42ATPREEHEMNHh showi ng an anplification profile obtained when an
anplification rﬁ@:tagoshomgwhs #hhsoratity anpdifR@Rioneptdtes nbtainedanpl e;

when 18 periy HDERGRS gL e AL G e R, e TABHCH R ethonats?, 075 ned
showi ng lmdatthoﬂgncm[ enamlpﬂle amdsbows the results ofr'THuorescence intensity
detection carried out at the FAM wavelength (492 nm / 516 nm) and the Cy5
wavelength (635 nm / 665 nm), respectively, with respect to the reaction
solutions e and f.

20 FIG.40is a graph showing amphﬂcatlon profiles obtained when
1sothermal amphﬁcatlon reactions were carried out by the SMAP method in
an example, and shows the results of fluorescence intensity detection
carried out at the FAM wavelength (492 nm / 516 nm) and the Cy5
wavelength (635 nm / 665 nm), respectively, with respect to the reaction

25 solutions b, ¢, e, and £f.

FIG. 41A is a graph showing amplification profiles obtained when
isothermal amplification reactions were carried out by the SMAP method in
an example, and shows the results of fluorescence intensity detection
carried out at the FAM wavelength (492 nm / 516 nm) and the Cy5

30 wavelength (635 nm / 665 nm), respectively, with respect to the reaction
solution i.

FIG. 41B is a graph showing amplification profiles obtained when
isothermal amplification reactions were carried out by the SMAP method in
an example, and shows the results of fluorescence intensity detection

35 carried out at the FAM wavelength (492 nm / 516 nm) and the Cy5
wavelength (635 nm / 665 nm), respectively, with respect to the reaction

solutions g, h, i, j and k.
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FIG 44 is a graph showng an anplification profile obtained when an

I sot hermal anplification reaction was carried out by the LAMP nethod in an
exanple. FIG 45 is a schematic di agram showi ng the nechani sm of acti on of
10 nucleic acid synthesis using a first prinmer in the SVMAP nmet hod of the
present invention. FIG 46 is a schematic di agram show ng an exanple of a
second rimer ed _in the SVAP net hod of t present entign.. FIG 47A
's a schennt i c FiPhd GPATSShEVAMY ShBIERM AR lhﬁ?ﬁﬁtl%ﬂ?ﬂe taipsdrpherynp

met hod agﬁcmﬁpnﬁctaﬁohh@a@ﬂi@ﬁ s datﬂi%ﬂtdtﬁrb Hl@(ﬂ??&e‘thodilﬁ %h%trﬁﬁledl agram
ot esent PROGIIGFED BT HRBETRICERIRR REREIBFRORCH AUERTI GGt ID RS,

presen ,

enbodi nentleod RCR rpaﬁsanWasmaeﬁiedmmah@rdemmpmd in furt her detail.
[Pr| r and pr e ribed a ove t he mer of .the present
nvert i on s aFar dBas o GRER SO RE I RS B R et cequence,

wherei n the prifk6r 44ssa @ﬁﬁlﬁﬁﬂvﬂhgmmhm ﬁa:mrtrbmpntﬁierobtmnadﬁrleast(on;a of
the stru 0 ( 17
(170y. (i teOthei R REPh AL O rbtioe Wl Rl Sl e MR 8O el o
salts thmaufe:mlmpleare included in the |abeled nucleic acid of the present

venti on. - The G, 18lis Skl e Al ABN o INPOId BRchn RaPLE ABSE 0"

anplifying a tar et nucleic aci
i ncl UWesnuclea¢ poigk syprthesisgisinga ﬂxstlm‘a@er oméhe SMAR methad Qﬂ’th@rl rrer s is a

pri mer OE)r%é%%tHﬁ@éﬁl?B I nvention. Hereinafter, the structures that are
represente ]il 1 owi ng respective forrrul ae and _have atom c groups
z11 and 712, V\/H‘J@h 46ipaggchematis dineeareshewing an exapgie pf ageeands a

" abel edpihetchsdEin tH@SM&P%@&d&%ﬁ‘tﬁ Gurasbsk GRRRIGHN. NG the 35 labeled -

structure [ prinmer of the present inventiqn, also js referred to as
"| abel ed pri CEaeh 1rads tah‘*é:hﬁ%té%fh&rmw%‘ﬁm& m@&h@@tsmrega@rl%n g€i d

slequwlcethe S$31APhhegen aAdoritgytodtheusieRb At AticditiRuence to be anplified but
al SO a

FI1G. 47B is a schematic diagram showing the mechanism of action
of the SMAP method according to the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION

20 Next, embodiments of the present invention are described in further

detail.
[Primer and primer set]

As described above, the primer of the present invention is a primer
for amplifying a target nucleic acid sequence, wherein the primer is a

25 labeled nucleic acid containing at least one of the structures repreéented by
the following formulae (16), (16b), (17), (17b), (18), and (18b). Furthermore,
tautomers or stereoisomers thereof or salts thereof also are included in the
labeled nucleic acid of the present invention. The primer set of the present
invention 18 a primer set for amplifying a target nucleic acid sequence,

30 wherein the primer set includes a pair of primers, and at least one of the
pair of primers is a primer of the present invention. Hereinafter, the
structures that are represented by the following respective formulae and
have atomic groups Z!! and Z!2, which exhibit fluorescence, each are
referred to as a “labeled structure”, The labeled nucleic acid containing the

35 labeled structure, i.e. a primer of the present invention, also is referred to as
a “labeled primer”.

In the present invention, the “target nucleic acid sequence”

12



- sequence conpl enentary thereto. z12 L2 Z11-L1D L3-b-B OP-O OE O™
(16) 13 z12 L2 Z' 1-L' P-b-B H NE

(16 by z11 L1 B Pl -0Zz12 O E
(/L2 BO-P-OO E O (17) 14 Zil LI B

embraces not only a nucleic acid sequence to be amplified but also a
sequence complementary thereto.

Z1 2
/
L2
|

D
21— b8

T~

(16)

13



H NZzi12 EL2B o HNE (17b) z11 LI ~/ 11-0 OO* ( 18) 15 z11 L1
Bl HE (18b) In the formulae (16), (16b), (17), (17b), (18), and (18b), B
is an atom c group having a natural nucl eobase (adenine, guanine, 5
cytosine, thymne, or uracil) skeleton or an artificial nucl eobase
skeleton, Eis: (i) an atom c group having a deoxyribose skeleton, a ribose
skel eton, or a structure derived frgmeither one of them or (ii) an
atonic group having a peptide strugélre or a peptoid 10 structure, Z11 and
Z12 are each an atom c group that %xhi bits fluorescence, and may be
identical to or different frome other, L', L2, and L3 are each a linker
(a linking atomor an atomic group), the main chain length (the nunber of
main chain atons) is arbltrary,1/t[}7|QL3

Z"—i —b—B

_/

ZT

(17)

14



15 each may or may not contain each of C, N, 0, S, P, and Si in the main
chain, they each may or may not contain each of a single bond, a double
bond, a triple bond, an am de bond, an ester bond, a disulfide bond, an
imno group, an ether bond, a thioether bond, and a thioester bond in the
main chain, and LI, L2, and L3 may be identical to or different from one
another, 20 Dis CR N, P, P=O B, or SR and Ris a hydrogen atom an

al kyl group, or an arbitrary substitueft, b is a singl e boRd, a double
bond, or a triple bonpd, or in the formulfae (16) and (16b), L\ and L2 are
each the linker, L3,/ D, and b may not b& present, and LI and\ L2 may be
bonded directly to B, 25 where in th A ormul ae (16), (17), and (18), E is
the atom c group m (i), and at |east one O\atomin a
phosphorie_acid Li Rl be substlituted with an S atom in
(16b), (17b), a 5
5in the fornulaef (17) and (17k), theyrespective Bs may Pe i dentjical to or
different fromeach other, andithdsregpective Es may be jizdentical to or
different fromedgch other. In tRe forsrul ae (16), (17),/%16b), (1Yb), (18),
and (18b), it is| preferable that e main chain lengdh (the nunther of main
chain atons) of |10 each of L', re. Wth
respect to the ngi i of each
of LI, L2 and L3, mted and
is, for exanple, rticularly
preferably 10 or

hai n at ons
the wupper limt thereof is n icularly |
00 or less, nore preferably BO ss, and
ess. Preferably, Z11 and Z12
that exhibits an \15 exciton effect. This result for exanpfe, a
greater increase i fl uorescence obtai ned when a double helix fstructure is
formed and thereby \ all ows the double helix structure to be detected
further effectively\ In the present invention, however, even/when Z11 and
Z12 each are not an §tonmc group that exhibits the exciton ¢ffect or even
when only one atomi c §roup 20 (dye) that exhibits fluorescence has been
introduced into one nolecule, it is possible to detect the double helix
structure effectively.

(17b)
Z‘H
|
L'l
0 5"
* L|!__o
O
O *
(18)

15



ZI'l and Z12 are not limted as long as they each are an atom c group
havi ng fl uorescence, and the atom c group having fluorescence is not
particularly limted. Mre preferably, Zl | and Z12 are each independently,
25 for exanple, a group derived fromthiazole orange, oxazole yell ow,

cyani ne, hem cyani ne, another cyanine dye, nethyl red, azo dye, or a
derivative thereof. Furtherngre, groups thatzare derived from other known
dyes al so can be used suitabfy. A large nunbEr of flugrescent dyes that

change the fluorescence intgnsity by being bpnpded to cleic acid such as
DNA have 30 been reported. Ifn a typical exarpre, it has\been known t hat
ethidium bromde intercalates into a doubBe helix strucfure of DNA and

t hereby exhibits strong flfuoresglence. Ethijdi um brom de i\s used frequently
for DNA detectfom - escent| dye that can|control the
fluorescence intensity acgording to } i rity, such as
pyrenecar boxyam de 35 or prodan, als b&en known. Theg thi azol e orange
is a fluorescent dye wthla benzothi\azole ying and quindline ring that are
S _weak

fl uorescence but gives strong 17 fluorescence em ssion en intercal ating
into DNA having a double hel\ix structure. OQther exanpl ¢s thereof include
dyes such as fluorescein and\ Cy3. Mirre preferably, Zl'/and Z12 are each

i ndependently an atomi c group\ 5 represented by any o of the follow ng
formulae (7) to (9). R Rs RI2 R1 RO R2 1 R16 RI5'n R7 R9 R3 N R17 R8
Ra R11 (7) '

(18b)

In the formulae (16), (16h), (17), (17h), (18), and (18b),
B is an atomic group having a natural nucleobase (adenine, guanine,
5 cytosine, thymine, or uracil) skeleton or an artificial nucleobase skeleton,
E is:
(i) an atomic group having a deoxyribose skeleton, a ribose skeleton,
or a structure derived from either one of them, or
(i1) an atomic group having a peptide structure or a peptoid
10  structure,
711 and Z12 are each an atomic group that exhibits fluorescence, and
may be identical to or different from each other,
L1, L2, and L3 ave each a linker (a linking atom or an atomic group),
the main chain length (the number of main chain atoms) is arbitrary, they
15 each may or may not contain each of C, N, O, S, P, and Si in the main chain, |
they each may or may not contain each of a single bond, a double bond, a
triple bond, an amide bond, an ester bond, a disulfide bond, an imino group,
an ether bond, a thioether bond, and a thioester bond in the main chain, and
11 1.2 and L3 may be identical to or different from one another, '
20 Dis CR, N, P, P=0, B, or SiR, and R is a hydrogen atom, an alkyl
group, or an arbitrary substituent,
b is a single bond, a double bond, or a triple bond, or
in the formulae (16) and (16b), L1 and 12 are each the linker, L3, D,
and b may not be present, and L! and L2 may be bonded directly to B,
25 where in the formulae (16), (17), and (18), E is the atomic group

16



R5 Rs RI2 R1 R 1 Rls Rla X R15 n Rl13 R3 NR17 Ra R11 (8) 18 R18 R19
R20 Rl X2 :;16R15nR21 11 (9) |In the fornulae (7) to (9), X1 and X2 are S
or O, 5nis 0 or apositive integer, R to RLO and R13 to R21 are each

i ndependently a hydrogen atom a halogen atom a |ower alkyl group, a

| ower al koxy group, a nitro group, or an am no group, one of Rl1 and R12

: LT nki . , .
(577 S A e, o5 et bk RSP Bl HRER 0 o
| ower al kithy BeQuiPstivhid withl an 8 atoyn,0f R15s are present in the formula (7),

blurality of risabatemnie Bt Gk, Saf ). £35 T8 gro ik ERG ° 15" VT

glel i degt i)g(ib@bribed(iﬁ itbinh (i#), @mid from each other, and X1, X2 and Rl to R21 in
eac hagt her1: ?((Zaéfa}g;gfa&é%‘tp@l%zﬁw ?\iél%f]@r'? ﬁz?/tye%er(e‘??g‘ﬁg% é( gglm%? blgg d%ﬁ:ﬁ;@m from
pr ef er ablee diffatentnfr&h ¢axchRetber, and the respective Es may be identical to or

different from each other.

In the formulae (16), (17), (16b), (17b), (18), and (18b), it is
preferable that the main chain length (the number of main chain atoms) of

10 each of Lt, L2 and L3 be an integer of 2 or more. With respect to the main
chain length (the number of main chain atoms ) of each of L1, L? and L3, the
upper limit thereof is not particularly limited and is, for example, 100 or
less, more preferably 30 or less, and particularly preferably 10 or less.

Preferably, Z!! and Z!2 are each an atomic group that exhibits an

15 exciton effect. This results in, for example, a greater increase in
fluorescence obtained when a double helix structure is formed and thereby
allows the double helix structure to be detected further effectively. In the
present invention, however, even when Z11 and Z12 each are not an atomic
group that exhibits the exciton effect or even when only one atomic group

20 (dye) that exhibits fluorescence has been introduced into one molecule, it is
possible to detect the double helix structure effectively.

711 and Z12 are not limited as long as they each are an atomic group
having fluorescence, and the atomic group having fluorescence 1s not
particularly limited. More preferably, Z1! and Z12 are each independently,

25 for example, a group derived from thiazole orange, oxazole yellow, cyanine,
hemicyanine, another cyanine dye, methyl red, azo dye, or a derivative
thereof. Furthermore, groups that are derived from other known dyes also
can be used suitably. A large number of fluorescent dyes that change the
fluorescence intensity by being honded to nucleic acid such as DNA have

30 been reported. In a typical example, it has been known that ethidium
bromide intercalates into a double helix structure of DNA and thereby
exhibits strong fluorescence. Ethidium bromide is used frequently for DNA
detection. Moreover, a fluorescent dye that can control the fluorescence
intensity according to the microscopic polarity, such as pyrenecarboxyamide

35 or prodan, also has been known. The thiazole orange is a fluorescent dye
with a benzothiazole ring and quinoline ring that are linked together with a
methine group. It usually exhibits weak fluorescence but gives strong

17



the |l ower al kyl group be a linear or branched al kyl group with a carbon 20
nunber of 1 to 6, and the | ower al koxy group be a linear or branched al koxy
group with a carbon nunber of 1 to 6. In the formulae (7) to (9), it is
further preferable that in R'" and R12, the linking group be a

pol ynet hyl ene carbonyl group wth a carbon nunber of at |least 2 and be
bonded t GlhkoreQfered ditiskith wheRluhéerchlfting (IOIDNA BaVing(d donbleZeel{xl8) , and
(18b) in a carbonyb ﬁrou m):let ) Thﬁi&%[) rolimt  of %]]he car bon dnurrber of
the pol yrit¥iiehe DiREOR¥AMBICS thereohinels dyeapush s fgregamand 10 s,
for exanpie3. 100 or lower, preferably 50 or lower, nore preferably 30 or

| ower, and party,cul arl r.ef er.abl 0 or |lower, Wien <" and 712

represent ed by Mﬁﬁe Pﬁ?m& ?{71)“[ Z%9a}r,e a8 deﬂ%?‘i“b&%?@ragtgpemlgﬁéﬁl? f or
exanplse, repeysditeddyhansnoepefitienfdlowngrfonmulde (BApod9knt ed by the fol | owi ng

formula (19) or (20). R5 R R5 RI2 NX Ro RX3) 1 RRsRO Ra Rit RB (19)
RS R6 RI2 RL XI Rra RX3: NRI3 | Ra Rit (20) -

R4

(7)

(8)
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10 In the fornmulae (19) and (20), X1 indicates -S- or -0-. Rl to R10 as
well as R13 and R14 indicate each independently a hydrogen atom a hal ogen
atom a lower alkyl group, a | ower al koxy group, a nitro group, or an ani no
group. One of R11 and R12 indicates a linking group that is bonded to LI 15
and L2 in the formula (16), (17), (16b), (17b), (18), and (18b), and the

ot her denotes a hydrogen atomor a | ower al kyl grougﬁaln the formul ae
(16), (17), (1e6b), (17b), (18), and (18b), B may have\a natyw' @ nucl eobase
skel eton but may have an artificial nucl eobase skeletoy as described
above. For instance, Bis preferably a structure repr

(pyrimdine ring), Py der., Pu (purine ring), or $u dggr. the Py is
an atom c group having a covalent bond to E in t)ﬁe 1\positi alshoa

coval ent bond to R'linker noiety in the 5-positifon i n\the /six-nenmbered
ring represented the "Py\der." is an
atom c grogp in e latom® of tha& six-nenbered

N C s\ ORf'om and the N,
> Aphydrofieh atom or a

U i s\an atom c group having a covalent bond to E
in the 10 9;pdsl v coval gt bond to a linker noiety in the
8- posi ti onRi'n the condenl

ring of the Py
C S, or O ato
substituent sujltably

sed ring represented by the follow ng formul a
(12), and the Pu der. isR atomc group in which at |east one of all the
atons of the fiv&hmnenbered ring of the Pu has been substituted with an N,
C, S or Oatom and the N, C, S, ,or, 0 atom may have an electric charge, a
hydrogen 15 atom or a substituent(gs)uitably. Ns N5N rr 46 N2N29
4 N3 (11) (12) The nunber of the | abeled structures contained in the

| abel ed In the formulae (7) to (9),

X! and X2 are Sor O,

5 n is 0 or a positive integer,

R! to R and R!2 to R?! are each independently a hydrogen atom, a
halogen atom, a lower alkyl group, a lower alkoxy group, a nitro group, or an
amino group,

one of R1! and R12 is a linking group that is bonded to L! or L? in the

10 formulae (16), (17), (16b), (17b), (18), and (18b), and the other is a hydrogen
atom or a lower alkyl group,

when a plurality of Ris are present in the formula (7), (8), or (9),
they may be identical to or different from each other,

when a plurality of R1%s are present in the formula (7), (8), or (9),

15 they may be identical to or different from each other, and

X1, X2 and R! to R21 in Z11 and X1, X2 and R! to R?! in Z!2 may be
identical to or different from each other, respectively.

In the formulae (7) to (9), it is further preferable that in R! to R?,
the lower alkyl group be a linear or branched alkyl group with a carbon

20 number of 1 to 6, and the lower alkoxy group be a linear or branched alkoxy
group with a carbon number of 1 to 6.

In the formulae (7) to (9), it is further preferable that in R1! and R1?,
the linking group be a polymethylene carbonyl group with a carbon number
of at least 2 and be bonded to L! or L2 in the formulae (16), (16b), (17), (17b),

25  (18), and (18b) in a carbonyl group moiety. The upper limit of the carbon
number of the polymethylene carbonyl group is not particularly limited and

19



primer is not particularly limted and is, for exanple, approximately 1 to
100 and preferably approximately 1 to 20. In the |abeled priner, the site
20 where the | abeled structure is contained also is not particularly
limted. 1In a |labeled primer (labeled nucleic acid) of the present
invention and a priner set of the present invention including the sane, as
vell as gg, frekanfplaClyd sSAIRYEr, ?@Qfe&ab Bebr Ieé:S ntoraghéfGedlieBoert o be
descri bej | ater,, the hasjc seg,e ori of .each nucleic acid is not

parti cul dPWeT| and pagticylar ably 1pgr l@?’&ﬁ'pl e, any of oligonucleotide,
nodi fi ed ol i gorFtleadit dad D2isgeruptaeatatby thodofmatheo(7) gofok iessi de,

pol ynucl eot i de, i.fied | ynucl eot i, de, ohynucl eosi d modi f i ed

pol ynucl e‘Bg’f"?jB?ef{E)r\‘?&’,le ﬁEBF’&ng XW& Y ben%dill%/]ing%pﬁﬂa?n KR S8R (pepti de
nucl eisc agpedsemed byitherfollowbhe fotinesla {11920ed20). or anot her structure.
Furthernore, the basic skeleton of nucleic 30 id my be a natural one or
artificially synthesized one. In the case of thhe 21 prinmer and priner set
of the present invention, the nucleic aged is ot particularly linmted as
long as, for exanple, itgcan form base paN ing n+r%H’é case of the nucleic
acid sanple and target nycleic acid sequencg® the Nfiucl eic acid is not

particularly lim ged as |ong as,1for exanpl g, it sgrves as a 5 tenplate for
synt hesi zi ng a conplengn Kaxd. Therefhre thellnucl ei & acid may be,
for exanple, a nucleqfide oerivati kg, _a pa Y wQol€ of which is

formed of a conpletelly artifjcial pf artificial bases
t hat conpose the nucllei ¢ acid i ncljude i met hyl am no) puri ne
pyridi n-2-one, 5-neg % one, 10 2-am hi enyl ) puri ne,
pyrrol e- 2-car bal de 9- Met hyl i m dazo[ (R? S50

5-1i 0do- 2- oxo( 1H) pyri di ne 2-0xo-%1kbpyridine,
2- ami no- 6- (2-t hi azol yl ) p&tine, BAd ~ 7-(2-thienyl )-iagri dazo[ 4, 5- bl pyri di ne.
However, the artificial bases are not I|imted theleto. In the priner of
the present invention, the basic skdllgton 15 thereof is preferably

ol i gonucl eoti de, polynucl eotide, DNA or a nodified product thereof. In
the present invention, the "nucleotide" may be eRfher deoxynucl eotide or

ri bonucl eoti de, and the "oligonucl eotide"” and "gol ynucl eotide" each may be
conposed of either one of dpoxynucleotide onugleqyéde or may contain
both of them In the presepnt invention, the

ri

RZ

R4 R11

10
In the formulae (19) and (20), X! indicates —S— or —-O-. R!to R0 as
well as R1% and R indicate each independently a hydrogen atom, a halogen
atom, a lower alkyl group, a lower alkoxy group, a nitro group, or an amino
group. One of R and R!2 indicates a linking group that is bonded to L
15 and L2 in the formula (16), (17), (16b), (17b), (18), and (18b), and the other
denotes a hydrogen atom or a lower alkyl group.
In the formulae (16), (17), (16b), (17b), (18), and (18b), B may have a
natural nucleobase skeleton but may have an artificial nucleobase skeleton

as described above. For instance, B is preferably a structure represented
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20 nunber of bases that conpose nucleic acid is not particularly |limted.
Cenerally, the term"nucleic acid" is synonynous with the term '
"pol ynucl eotide". Generally, the term"oligonucleotide" is used as a term

i ndicating a particular polynucl eotide having a | ower nunber of bases that
conpose nucl eic acid, anong others. Pol ynucl eotide general ly with a base 25
| ength of, for exa Ie 2 to 100 and nore rallle base | engt h of
appr oxi mhy &y (yrimidioeiringe Far devy R‘b(l%l'érmﬁlr? nGE é’o‘ﬁ\‘llr"deW it is not

limted by theh@ A %ﬁétdﬁ?ddﬁ%up'Hhvﬁﬁ@aMcﬁ&ﬁﬁtbdﬂtEﬁiEqnth'rehe term

" pol ynucl eoti de"” SO sh n;?rac for exaﬁ ? é %cl eot{b}}dee and

ol i gonucl etzﬁ%enaa@%@‘r 8§t99{1 ]F‘§/r LV Ry % RO SET s such as
30 gept i gﬁsﬁi&ﬁl gélcéda!fihgl,reﬁmsgh@ééle be thﬂfbl@dnch@faimutat(ﬂ&) phosphonat e nucl) eic
aci and S-ol i clelg.aci ner a t.he, p e PNA
has a5structur§g?n me&hlﬁan&éBWFlgBB‘é% khm]é‘ﬁ';q%a& (lgﬂg%l%gc e has
been subgf&ybﬁﬁm@nﬁ}b‘emd egof dee Pglhns:lbmmsulﬁstmmeéwmhamhﬂ ﬁe Dde mai n
chalnln e a3 URni t. of ) pgé\é;,byan
ani de bo a oI, &: Itége\iaé :ﬁ rb@s to{%mlfogé'(%onde %?%&ﬁ]e&%%% r%g?raral h chain of
PNA i ncl wﬂ@m obutsubstithent sedabky, natural |l y-occurring bases such as

thym ne, cytos

t hi our aci | | 15 e;"GIS A SRRt ﬁ@%%ﬁgﬁpeﬁﬂ@m H?ﬁ&'té) E i fit hyl cyt osi ne,

I am nog@ as artificial, bases such as
br omao hyr@i—pmﬂmazambenom@l,ena nd tggulinkee matetycinathe 8 PORKIGIHERS i ¢ aci d

having two, ?gﬂ&f{lﬁ%gw@ﬂtgdg{% cfoﬁow@ngfma[a g@sﬂ&prl c acid skel eton,

an oxygdgen atomiln ositi

bon tomlnte1 g%ltlonof
ri bose are bondbd Hlbd@aéﬁ a@t&f@mlﬁﬁrm Yy %%*Ttl?ﬂﬁ ‘hfga 1 ¢ ptom
.ol i gonucleehl @ﬁzeq%@h?dd}bagl ﬁmeallﬁaépeemstiﬂmemwm ensiNT 6nSedr

conformation is changed an the thermal ;. stabi,lity i oved

Si nce LNA asemppyd té‘*@llﬂq 65/&%"&@10@? oag Bv%é‘nﬁ}e%tbﬂffp% t9 i‘g

ol i gqguclged ¢¢.a SEBLitheht aiitabind stronger  hybri di zation can be achl eved
dependi ng on, for exanple, the conditions for designing nucleotide. The

| abel ed prinmer of the present invention containg at |e@st one |abeled
structure having e | gscegnt atomc group ﬁnd sh \y hlas

AR
I
(11) (12)

The number of the labeled structures contained in the labeled
primer is not particularly limited and is, for example, approximately 1 to
100 and preferably approximately 1 to 20. In the labeled primer, the site
90 where the labeled structure is contained also is not particularly limited.
In a labeled primer (Iabeled nucleic acid) of the present invention
and a primer set of the present invention including the same, as well as a
nucleic acid sample and a target nucleic acid sequence to be described later,
the basic skeleton of each nucleic acid is not particularly limited. It may be,
25 for example, any of oligonucleotide, modified cligonucleotide, oligonucleoside,
modified oligonucleoside, polynucleotide, modified polynucleotide,
polynucle031de modified polynucleoside, DNA, modified DNA, RNA,
modified RNA, LNA, PNA (peptide nucleic acid), or chimeric molecules
thereof, or another structure. Furthermore, the basic skeleton of nucleic
30 acid may be a natural one or artificially synthesized one. In the case of the
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15 higher specificity to a target and hybridi zes nore strongly as conpared
to, for exanple, unlabeled nucleic acid that does not contain the
fluorescent atomc group. That is, the |labeled prinmer of the present

i nvention has an increased nelting tenperature (Tm val ue) as conpared to
unl abel ed nucleic acid having a basic skeleton with the same base sequence

and the $aReRAndYfiRlct sBf bflthd pEERAL ihONibn, tHY Sudbictsd id né@ hybridi ze
to a target nore f_t rongly . as conpared tqQ the un] abel ed nuc] ei c _aci d.
Accor di n@ayplcpi?ély 135Ee ¢ 85 Jongas, eﬁﬁﬁelrgeelstéaap EchAsedrIBmEowd Ndet ect i on

to be carhk@ds®df the hQtleeXadH mplef dred edvideY ntdcldic BEMhe'i;hmeﬁbé,i tHet y. The
| abel ed nucleic ggld of thgﬂ&éﬁgjﬁ%.lave tion a%so has # e 25
char act eUStSIE @cUE 1SR R S HIIRE 45 GNR sy IorLXamplen b Se1¥es 8f 2 1 of
exanpbe, teaplety fop r@@h;ul&@éezi@rg d,b&npkﬁﬁbhwi-ytsfmml O@fhei'ei'ozfv?ié faclelen whi ch
an increase,in Tin yalue inmproves t specificity of anplifj cati.on.
Fur t hor et TvChe AR BRI 4 BOglR0Ry PRGN & Rl BRaTBGIS ofor t ne
| abel ed prhichris dérmhéd of n esariletaly antifioim] sthectlirer vEkamples ofwrtifoaal be 30
I ncreased _as ared to,unl abel ed .PNA or; LAN, and therefore the
hybri di z (i) E§$$9%PE%%§HFM??QSF3%%ﬁlggﬁgﬁbroved. Particularly, as
descri be@-aiabe6; (NVBEdimethytlaovisolpurane pyvidieveond, Hasdbyhmeidio-Hene,
di scrjm 1 | 4.0 Letd [ o be detected, the use of
t he |1gbelﬁe%‘§‘g‘&‘gFe(.?\é\ﬁﬁg%mﬁ‘gfl%%[ ﬁ%’é@f%&bg@g%%’, | abel ed PNA and | abel ed
LNA) of thMeghpkimidagd(4,avblmsividingl buedo@erxabi Hopynidinge carried out
ef {1 Ci ent s U FEDYrEHinBPBCihinf Y- hRI DPGihabgh@d nucl eic acid of the
present inyention:.is used as,. for_  exanple, a priner _or_ a probe, a |large
di f f er ende(2 thivnyDiimidazeldsbblmsmidisee n ddowavarthy artifiviahbaens arerneli ency are
obt ai ned hg{tuReRetdlB. C 83 eRe \WREHEYr bf tRd/pldkenTih FiRT0L theI HER! ihastoM th a
t ar get seguen e. Ac orq&nqu, tafjon _det Cthfniiﬁﬁg as one, pase
di scAPni heresh 15 prefreablyolidenuclaciidey pokpyucdkatice, er £1fgo ed priner
of It he prp‘i‘_@%ﬁ&t_ tHevest i da ﬂhgs;)ﬁs@%ﬂ?ﬁfen¥¥an\,/ ahs énﬁtlzlbbﬁﬂe’t 1%3{ 1@}‘ eunbﬁbeLeg
nucleic acid, it al.so can be us or,, for, exa LB clanp nethod, a
PNA PCR ea?%nwﬁﬂ%a? of howkciRgbids, &mid fher iobgon usliatide bRAG N PR of amp
net hod, pelyaicledtiditiath magp becohipbsedyif eithesonengldeoxymadlsotitie of egi on,
and does ri Ootnusc cotideor %a}yecrgglltg}neb(gtq{ of ﬁlrg)nlll f bt ?ltule 8?ésent invention, the
20 number of bases that compose nucleic acid 1s not particularly limited.
Generally, the term “nucleic acid” is synonymous with the term
“polynucleotide”. Generally, the term “oligonucleotide” is used as a term
indicating a particular polynucleotide having a lower number of bases that
compose nucleic acid, among others. Polynucleotide generally with a base
25 length of, for example, 2 to 100 and more generally with a base length of
approximately 2 to 50 is referred to as “oligonucleotide”, but it is not limited
by the numerical values. In the present invention, the term
“polynucleotide” also sho_uld embrace, for example, polynucleotide and
oligonucleotide, as well as artificially synthesized nucleic acids such as
30 peptide nucleic acid, morpholine nucleic acid, methylphosphonate nucleic
acid, and S-oligonucleic acid.
Generally, the peptide nucleic acid (PNA) has a structure in which a
deoxyribose main chain of oligonucleotide has been substituted with a
peptide main chain. Examples of the peptide main chain include a
35 repeating unit of N-(2-aminoethyl)glycine bonded by an amide bond.
Examples of the base to be bonded to the peptide main chain of PNA include,
but not limited to, naturally-occurring bases such as thymine, cytosine,
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10 The nunber of bases contained in the prinmer of the present invention
~and in each prinmer included in the prinmer set of the present invention is
not particularly limted. The respective priners may have the same nunber
of bases or different numbers of bases fromeach other. Wth consideration
given to the fact that the nunber of bases is that of a prinmer, 15 specific

exanpl es of the number of bases are preferably apgr.oximjely, 10 to 100 bp,
such as tadleniRg, gAIBAIEPERES; Hé?mi’ﬁ'ﬁf’é?ﬁlykg?%?nﬁb Oﬁﬁ?ﬁ%ﬂ%t ely 10 to EO

bp, and pegidismidspurine abevelbhy atfificial Hasbp sudhas beomeithgmahet he primer
according to.the prgﬁent I nvention is not particularly limted, as |long as
it has t R@APAERING 2BAARREYABINSFhe sequence 20 of each primer of the pair

of prinmers acc@datiergllyoL.Nreispiadeitaddbheringtwo simpstrpatuiesahavhighl i mi t ed,

as lopg as at |east one of the Ler SLEL: Th
sequefice 1B B%AF %??%erga%lggk%tggﬁ? gg?%éﬁgﬁ%%ﬁgﬁéﬁ’gd% g&#ﬁ g’r L%%%pl g, t he
sgqu;an;:ﬁ cafbometdmrigahentipbsitionadi nbeseqredomded torachngthierb¥d, i nf or mati on
abou e s 2 t [ I ' f

xanpl o BRIk "FHER dRlodiRIg dnaflife TMRERAR G

react i on PNre thedoeble-sivaddedebnforaation imehanged aud thereby thedthepmaler or
primer s £ JRresant | i ' : SELEA h i

can be S:s:tag{]/ltgqgg%@gm i ona F‘Sélﬁjﬁg%ia%e}%i%ggwﬁ&g;lgl , o E%ldsH ggg?gnegrz rr:er
such 18 meemrarefde commen oligenngleptide, marg rekia SHOR8RYicl ei ¢ 30 acid

such as ONA,QizENon R BMHethAfievad BBpéRdinBUsd, 9bE cREinp14l e rconddfisnifpent

condition“so that the t,(%:‘get nucl el ¢ acid sequence is contained in the
anpl i fi caiqswmygémféwtl e "stringent condition" can be determ ned

gtelroengi tng on, f’gae Bibgmz% griniéleomiet;%mﬁﬁetmwmiw okt st baedoubl e
an a or me a i mgr of t resent invemntion.,or, each priner
of 35t hga%ﬂeﬁﬁsrtrg@pr%%ay Hﬁﬁb@é‘ﬂfeﬁcﬁ{}gﬁ-??%hc %’f?dlpaa%@%??#&r&aésr y s!to rand
t her at50, higher kpecifisity t6 anmepet ahd diyboiditéemoyd sixingdy ascompaned do,.

i sch, ot pRreoSapeg RlPi dul Shit SBSTRoSH B e ARRRRGERE, [ 1.

c
_ _ ) ) I'ng Har bor
Labor at orato@di® &2pup FoThatisanhe éabelnd priwbr bﬂt]zeapmﬂmtsne%mﬁimgla@lﬁn at a

TP o ol APy P U d 8  spmbitic ne
nucl ei ¢ aadid heaiigg msiaskpdetanwitdi theagdme base sequence and the same

20 nucleic acid fragment length. This allows it to hybridize to a target more
strongly as compared to the unlabeled nucleic acid. Accordingly, the
labeled primer of the present invention allows detection to be carried out,
for example, efficiently with high specificity.

The labeled nucleic acid of the present invention also has the

25 characteristics as described above. Accordingly, as in the case of, for
example, conventional PNA or LNA, applied technology is provided in which
an increase in Tm value improves the specificity of amplification.
Furthermore, when PNA or LNA is employed for the basic skeleton of the
labeled primer of the present invention, the Tm value further can be

30 increased as compared to unlabeled PNA or LAN, and therefore the
hybridization efficiency further can be improved. Particularly, as described
later, when mutations of one to several bases are to be discriminated or
when insertion or deletion is to be detected, the use of the labeled nucleic
acid (including, for example, labeled PNA and labeled LNA) of the present

35 invention allows detection to be carried out efficiently with high specificity.
When the labeled nucleic acid of the present invention is used as, for
example, a primer or a probe, a large difference in Tm value and a difference
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5 sequence. The priner as described above can be designed using a
commercial prinmer construction software, for exanple, Prinmer 3

(manuf actured by Whitehead Institute for Bionedical Research). The priner
(1 abel ed nucleic acid) of the present invention may be used, for exanple,
wi th unl abel ed prinmer (unlabeled nucleic acid) having the same 10 nucleic

Sequenfe éWHybﬂ%lQ%hlaﬁ%lfﬁ@ieﬁw |anf3 @bﬁe@ih?d bEbﬁé@Mhefcaée@w&eﬁé &, fully hi ncrease
in cos u o | abeli a i.cien reyen e.,te rimer
of the. preetaesion Faln S hen M ith ePkeas ek cacberinebomutibion 1y bvem
}mgnl tge daan:ieafﬁfn Sﬁcmaednwr}idsetdiecnmhﬁmm@ufuhekes facahta:tedThMmabV@s of the
abel ed nucl e t he ent i nventi beI nucleic 15
aci d ar e SH%%° ﬂ}frﬁ%@?ﬁfgﬂ‘yﬂ‘?” opre%%%’re %P&%%§3%g§ fie*t ot al
anmount o;thhhethlaalmé hadalmeled aiuclac iadidy it aldoecanihahedd fomforl eeaaanpaleL t he
ratio b cI rab t r 1-100%
nor e eg(éﬁé%?‘%‘ ﬂh raﬁi&? ?’? Ifljdf%b&n? t?l h{ia}r{ Ibrg‘éflz(?gb ?’ Iﬁgﬁlgj(gange 0(1Z
5;3 50% andl mé’rNAduNArPQRpwlahm mlthoql nWhhm Itdngds & alSPeBIﬁ% reggonlescri bed
above, C e ratio of the
| abel ed %ﬁgq%eﬁq% ﬁl%gkgfth‘g?%g%%erhggl ye Iﬁ)h “péar% ?’%E‘}Jﬂ@%{a I[')dlil mer of the

present iamphficoilomay have only one atom c group (dye) having fluorescence
per npl ecul e buﬁ J‘ﬁ nfﬂe?f(ﬁ'%%egc@ﬁtalﬁ@@ﬁ tw@rﬁﬁeﬁbﬁ}wﬁe@@né dye) having

fl uorescence ecu s 25 al l ows, for exanp ? the atom c groups

(dye) havnmgn IPH@M@%@PEW@CW@®%CﬁW1W§@FO thepeseeton effect,
for ex a”ﬁh@enﬁHﬁ RE ﬁ%ﬁ §§rt§13§lafx'lylﬁﬁﬁ§&¥9 NCEhe bd¥pRBENE )prilﬁe?s Slaydh&restHeanded
state and t hereby (i{vg(s? %é% hel i x strycture'to be de ect tqurther
effectw@asmmﬁe xqf gs or dalferent anpppeys o BilFRR s28 &ﬁ % f it

whi ch, f QonSiRFREeN gavmwsehé tactthatyks n@mmgﬂttﬁases i8Ohaesfad beiméry form an
H-aggir egat e d t her

rdl xh| it fluores en ssion e| vably,
thi s 18f f SPEC SptaBe oL 9rg pre Fabfy, apphatmA by bt ' he
dKe IhS ?‘ plOd by, rﬁmhtm}ﬁertarl fgﬂlgoﬁueles)tiﬂye Bathido prefepablyt apygroximatdptilon to
the hig eve the ternal version into the | ower energy
| evel %r%@aﬁ}c"@?&} ?%@%&% lfﬂ effral |y 35 forbidden. However,
t hese descr i pt |’H|rsssetp1erm dfltlmlprimer pcmdntg totlenpresent byveniyomsanet. The
possi bl e oceur

poser ol SEUAAIFTylohn e BHLARRIF A gbAb ¢ Rrpbalh " 154 bl

20 of each primer of the pair of primers accordmg to the present invention is
not particularly limited, as long as at least one of the primers has the
labeled structure. The sequence of each primer can be set suitably
according to, for example, the sequence of the target nucleic acid sequence to
be amplified, information about the sequences around the target nucleic

25 acid sequence in, for example, DNA or RNA, and the type of the nucleic acid
amplification reaction (the nucleic acid amplification method) for which the
primer or primer set of the present invention is used. The sequence of each
primer can be set by a conventionally known method. Usually, it is
designed in such a manner that the target nucleic acid sequence in a nucleic

30 acid such as DNA or RNA hybridizes with the nucleic acid under a stringent
condition so that the target nucleic acid sequence is contained in the
amplification product. The “stringent condition” can be determined
depending on, for example, the melting temperature Tm (°C) of the double
strand that is formed of a primer of the present invention or each primer of

35 the primer set of the present invention and a complementary strand thereto,
and the salt concentration of the hybridization solution. Specific examples
can be found in references such as J. Sambrook, E. F. Frisch, T. Maniatis;
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25 formed the Haggregate, in a shorter wavelength as conpared to the
absorption band of a single dye. Exanples of the dyes that exhibit such an
effect include thiazole orange and a derivative thereof, oxazole yellow and
a derivative thereof, cyanine and a derivative thereof, hem cyanine and a
551ng“ vatlve”theregf and nethyl red and a derivative thereof as described
e, as we as_dye groups. gen referred as .cvapy d and
yes: " Thaleleaylas Glonnd 3R Colbatriaiasht BBy oY BRA Goutr o
;}\IrA aggdt faéﬁhnﬁ:{lé ?ﬁh@ncﬂﬂbic}izﬁ'ﬁbn is earrdedloubhe asengrecatwrentdditas sbehtlyr 10
artific cleic acid such,as t ¢ I d, PNA
(pept i de lowier Epan fE‘? &}e tff@?e(r%ﬂ% f&b %ﬁ%%%gp%er%%% %@#ﬂrﬁéfﬁ%gl ity of
fgC[‘hdye%d@tﬁt 1&??& sp@@ﬁ@dllsmdthrmtmudemaméﬁxavsmg artgrgetemati EWgaQ!) curs due
e exciton e i.n_a nor S in the state
wher e® t F8APFRYFer ’ﬁé%pmerb%seﬂ%b}?eddgéogﬁ égﬁf‘?@ﬂgs aﬁ%aséhrggate i s broken
down 1t5 tcbfrﬁﬂgi‘mdnlylmnnrbrmmtnucmnm@twmeg&r eremple, Ryamg % t hen the
respecti vy S . lnter t [
(m@tlb%ﬁ?tuﬁﬁg% OWh%e dad ﬁs%ﬂﬁt@ﬂ%%ﬁﬁé&l@%@@é&%&@ elPhe I N this

case, er ac |on occurs tween _ t he dyes herefore the
exci ton imer (ladobesl nuclegcacid) Of/\khethrqsé%lﬂtl%eﬂtﬁpféﬂﬁ}bb? Pé‘?'n‘gcﬁ) Tstrong

:‘ ggﬁ{ oS CanG: %R]%w%aﬁ abUp&i P@g&p@dlﬂaba@aqlmeﬂc%@mmg thbisansg age is

wh
ef f edd ocwunlsicisenvenee théi t}d%/ Efiﬁpl“ﬁ]@#;w%‘plél n\?d#’@%tﬁ‘fr p?%@g],%ggf(a% teolnnt 0 a

doubl e st; :
which r esl& & Sfatr%ﬁ%grsf Eﬁg € ‘Ml?éhﬁgﬂé&xh gafficibeile e prevehteddy Busthexdheel | ed,

stronger fl resc
L er hibs orout e oo e ey it v, or
?: Lg‘r’vetsgger@%h@ﬂ tREf _p?ﬁhei' & hse DBt tledunkbdddnuicieie 301dpo§l§19bl‘%1qsmﬁ urn

l.ear|ly through.h
target sdhg elﬁgéle T’P‘l‘éd%yéc"‘}('ﬂ% H% Lh¢ BE%/S@(%&EV%%? %21 (r: :(Ji(rjé a‘%%%%ﬁleab |8{ncgt gf aonl y
?gre gg;rerpo‘?ﬂl& a9k r@!@a&-ﬁcﬁl&ly hintitek quHowevetidoe esampiering tot@]asons t hat ,

n | of .t b
for mat | orrmputapf s Fled ppdffiChelifng e Gl “ﬁ“‘:%‘?? dEtop B BRUS ot
stronger ¢f ﬂh@rlabelmcmdllmmmcﬂm peedhrablydn tnhn rapnge i P 19010 MEE state is
exhi bi t edpre?“rab'iy Q4R a0 s 18MR%)] Atk FRTEAMIGHA tRE rhRBS bf 5YBD%,
and particularly preferably in the range of 10-50%. As described above, in

20 a2 case of conducting a visual observation, the ratio of the labeled nucleic

acid is preferably higher.

The labeled primer of the present invention may have only one
atomic group (dye) having fluorescence per molecule but has preferably at
least two atomic groups (dye) having fluorescence per molecule. This

25 allows, for example, the atomic groups (dye) having fluorescence to have an
exciton effect. The exciton effect, for example, suppresses the fluorescence
intensity in a single-stranded state and thereby allows a double helix
structure to be detected further effectively. The “exciton effect” (exciton
coupling) is an effect in which, for example, a plurality of dyes aggregate in

30 parallel to form an H-aggregate and thereby hardly exhibit fluorescence
emission. Conceivably, this effect is obtained as follows. That is, the
excitation state of the dye is split into two energy levels by Davydov
splitting, excitation to the higher energy level and then internal conversion
into the lower energy level occur, and thereby the emission is thermally

35 forbidden. However, these descriptions do not limit the present invention
by any means. The possible occurrence of the exciton effect can be
confirmed by the appearance of the absorption band of the dyes that have
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nol ecul es of dyes are bonded, when the respective dyes are apart from each
other by a distance that does not allow themto exhibit electronic
correlation, 35 the exciton effect does not occur. That is, in order to
allow the exciton effect to be exhibited, at |east two nol ecules of the
dye have to be bonded to a nolecule of a nucleic acid or conpound of the
present ifswMAE4 kRO H-A gizt,f%kma #ba FROARE vﬁél&ileﬁéﬂt’a@b@nbﬁﬁﬁ esltled a di st ance
that allo t hem F)o 5 Qse nouglﬁ In otkf rds r rabl e t hat
n the | AbEPERFIcH brpd ofA sihele ki e S e bR SR AR oo o
a dye be elffestiaetltide Ohﬁizolwﬁﬁa@xgbldiﬁi anlerhextpre thereof, orazoloyetow endh a dye

be bonded, to eachof east,t ous cleotide nce t he

pri ner aﬁiﬁr’ﬁ'ﬁ%ﬁ@rthﬁ&o Fy?%epq%%g\r,#r}v évrﬁgﬁ%ﬁegg CIHTOVE, al% of exanpl e,
the effi cdieehtayn@fthwed:feandanethydrrpﬂlafnd:atdemwatmeet}mmemfms deseribedr t her may
i ncl ude a ter I e I r that
can pr ovERe¥ EL Rl AFGve EnfRcRaly Jofz8d b baRihlible Ies Sp®BR8L 1 17,

| ocat ed a@iyeshe outer side of the target nucleic acid sequence on a

tenpl ate nucl eing, ass'(ﬂres\eéﬁ@ b BEndt EPDNAEDIOA (fotﬁﬁl@éﬁﬁgﬂtor N RIA

i ncl udes an outer prine er _priner nucleic acid in

addi t i on double stmgﬂetémt Sormas aacbmké@ hehixmpsra doubhestpamdr@rm@i o BNA OBed
abovgy SIHIGR ahpf Bra.!rem 'ﬁird?élb%id 26th 9k ptﬂb% R6656/Ee hiMeR4Qa, PRR used

15for the nuclelc aC| as described | ater

tl met hod t hey
further (peptideaugledc gel afg‘quNA Eﬁ\N aby paterealation: YWbenaglyrality of”
P yTer g N J L OATE, OTIE CTE and derP)
an
buffer dBitheiegaiton gdiechin g norma Wﬁ%@&ﬁéﬁl%‘g S‘&?&Pf(b? m.t %Fé?%’q’&aﬁ er, a
SOdlhum 2@he &ﬁﬁﬁ@ﬁh@sm&tf@gn Bhdidized yeo)s buma}alu@g&bghﬁa Broken dmltr]gtl ysts
such _as ori de neS| eS| um sul fate;
addi ¢ ?vestﬁa‘g'ﬁéhhﬁg] @FWWW@UP%B%‘? B@?F}Bﬁd‘h CHPPREY ﬁ‘iﬂ gl yci ne);
acidic slyl@stl?mealaaednuﬁtheodmﬁﬂmtml setmwaltelbedln thidR=88/ 54455 and an
enzyme s Ili.zer enzyne .st.abi I th f
i ncl ude ?@“%F%HSHBF‘*MB P& léregrlfﬁ%waﬁe 5 dyegn%ncigla%rﬁ gr%ﬂ;ge szl ar F;?O
t he enzynsffecstlabi hot emcurswﬂmcdf eeatlts/irsexitibaion of strong fb:ca'tesxreadnby
Mool h%ﬁ%ge nf(r)lTﬁ’e éﬁé’oﬁcﬁ&%ﬁaddxgdeof afaf ey LD Efis RESSLIARENEAPRPIRRS:
20 of a single dye Whlch indicates that no exciton effect occurs between the

dyes. Furthermore, when dyes intercalate into a double strand, the
structural torsion inherent to the dyes is cancelled, which results in further
stronger fluorescence emission. '
Accordingly, for example, a primer is designed in such a manner that
25  a plurality of dyes allow the exciton effect to be obtained, so that it is
possible to turn fluorescence on or off very clearly through hybridization
thereof to a target sequence. The exciton effect does not occur through
bonding of only one molecule of dye to a primer sequence. However, for the
reasons that, for example, the intercalation of the dye caused by the double
30  strand formation planarizes the structure of the dye, it also is possible that
stronger fluorescence than that exhibited in the single-stranded state is
exhibited. On the other hand, even'in the case where at least two
molecules of dyes are bonded, when the respective dyes are apart from each
other by a distance that does not allow them to exhibit electronic correlation,
35 the exciton effect does not occur. That is, in order to allow the exciton effect
to be exhibited, at least two molecules of the dye have to be bonded to a
molecule of a nucleic acid or compound of the present invention in such a
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m xture of two or nore of them Furthernore, since the prinmer and priner
set of the present invention can inprove, for exanple, nucleic acid 30
anplification efficiency, they further may include a nelting tenperature
regul ator. Exanples of the nelting tenperature regulator include

di et hyl sul f oxi de (DMSO), betaine, formam de, glycerol, and arbitrary

combi nations thereof. It is preferably DVBQ _Furthernmor when the nucleic
aci d sar’rﬁ'll%nﬁ%reﬁ""‘?t ey 1age r]tﬂ@%@&@%é’ca’(f)é% &fqtcajiq%#}he&l&%) ecpg?ﬁeai ns 35 RNA
?ndt Ih s usdugh. alhefhbiewerds idm%feifbmblé ahet in the labgled peimadt of theat

urther a reverse tr.ansc t ase be cantai ned [ and primer set
of the pPEESHL JnxeR Poﬂ“%?%g?dﬁﬁfeg? etshogear%ﬁ g%tbgﬁd?ﬁécgz’hsea elr[:ts are not
_?_E lim temoﬁvgidmjhﬁ&e pE iy moléate pf bydyedreshorsderkid ¢ach ¢hat he art .

e primer rimer set of th resent invention can be used for
conve\g‘lt ﬁﬁ%ﬁ{bﬁfﬁ%ﬁ?ﬁﬁ%‘%&e#&@ %i c acid anplification nethods, and the
typfasfpf r eact iSinee tiepeinersard poimer sttt efthefrgaphlemnventionecaliicl eic acid 5
anplificat] ' I : By | Q1 a
ol yrer admidffriof Sabfilc, 6 Ecleily MTRle BRI WA ROPHAAG 2 | s
set of t et fnebenmaninshudeantdider aranes oA p graptde of the,gptay primer 1s

anpl i fi cati o0 IRENELANG VRl BRiR oRsoMplcinEAtAIS StRhndRPhiKdsatdron
primer” a#zllg&}an_ | sotaﬂéfrrcr)a anpl ?lfgi:gtééﬁ{)?i rrer&ﬁ?rt" ,n.r ggpect ively, and
Phe i méhe rorhinn peatedonode efter isidepbdintareRt BElein AR ORRBCE 8B f or ¢ he
PCR et hQQPIﬁAE‘e hBEIRIC £dd! OVESe R thPPR1PEY 58 6f thetbreséMCvientivey set ",
respectively. —1sothernal arrpq&illﬁf I cation grl mer, an tt))ri r set Ge(PeraI ly,
the i sot HBFkRsles AfpPier PAINER (AT PEImET Ay e Ada %lﬁaerlwci@c@ﬁ Phiucleic
aci |d g”pldﬁl‘diﬁ?hlt@ d'brri_ﬁéﬁ‘efadmf d Bjeheat Fﬁ:cnhe’r. offthenpiieer séb descrsbrxhabovet hod
I ncl ude e stran spl acenent, _a | ficatj.on DA) . et h | ed in,
for exanple, J “F—cﬂ%e/gﬁl%?r ?Hﬁﬂ’&%ﬂr %%%’8*? gt scﬁrggoghg%ezﬁg%gr
examke, fgﬁ%g n&&lbiié?ﬁ.d AEpHficatah methnd a0lesritersater, they fudherc aci d
sequence based a ificati A) t ' ' ar exanple, JP
2650159 BRAY HBANGE HtheRt gﬁ# SRR RE R Qe apREAmpBfienlidl, 1O G
di scl osedExamplar ofehemebgentiDdode gobamerdse sushtaseP M) pelyaneraseier i
priner-injki ifi bQn: | £4 i £adr di scl osed
P "For aiihsBiefs 5P 5 (T LEMRLLILRE FIPPARIEP A EANTIRbOe:

solutions such as a tris-hydrochloride buffer, a trysine buffer, a sodium

20 phosphate buffer, and a potassium phosphate buffer; catalysts such as

magnesium chloride, magnesium acetate, and magnesium sulfate; additives

such as dimethyl sulfoxide and betaine (N,N,N-trimethylglycine); acidic

substances and cation complexes described in WO 99/54455; and an enzyme

stabilizer. The enzyme stabilizer is not limited. Examples thereof include

25 glycerol, bovine serum albumin, and saccharide. Particularly, the enzyme
stabilizer is preferably saccharide, more preferably monosaccharide or
oligosaccharide, and further preferably trehalose, sorbitol, mannitol, or a
mixture of two or more of them. Furthermore, since the primer and primer
set of the present invention can improve, for example, nucleic acid

30 amplification efficiency, they further may include a melting temperature
regulator. Examples of the melting temperature regulator include
dimethylsulfoxide (DMSO), betaine, formamide, glycerol, and arbitrary
combinations thereof. It is preferably DMSO. Furthermore, when the
nucleic acid sample used for the nucleic acid amplification method contains

35 RNA and is used as a template as described later, it is preferable that
further a reverse transcriptase be contained. In the primer and primer set

of the present invention, for example, the ratios of these reagents are not
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replication (3SR) nethod; the transcription-nediated anplification (TMA)
nmet hod; the Q beta replicase nethod disclosed in JP 2710159 B; nethods 25
di sclosed in, for exanple, JP 389726 B, JP 3942627 B, and NATURE METHODS
(Vol . 4, No. 3, March 2007, pp. 257-262), Mtani Y., Lezhava A, Kawai Y.,

Ki kuchi T., Oguchi-Katayama A., Kogo Y., Itoh M, Myagi T. et al. 2007.
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e

.3
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agt : vity. Is%@ﬁ@ﬂxﬁﬁpaﬁbﬁﬁéhﬁgn@nﬁwa&@ﬂ@ﬁe@%@t having strand di spl acenent
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bacteria, such ggngggjﬁ’[, E@%l@ﬁéﬁﬁeﬁ 8 aten lPﬁgi“é;rm %‘ngoir red to as
Bd 10t St(%dr jith Gach (hj:.hgliel@ albﬂoa@ph;ﬁﬁﬁﬁaﬁ%aaﬁm ﬁsdthémaﬂgi t Bxamplds ca"),

and nut an exon vity

t her efr on?ts%kc%v% erlggdét\{dl‘i‘% f,thﬁis ﬁﬁfﬂiﬁp}?ﬁfﬂ‘?&t ' CQ IRP S f r agment

'E her e;)f methdddiseimed 1a] ferexaxapiel 8 7- ﬂIMTJIBEAVEﬁprM SBIAymethsﬂs, Vent
Exo y

bol yrr aoQisEiRAB IR oRF esamer QP o B4R FPOTRAgorbERIRYO Bhfaanadh l

Z- Taq DNAtlpohyeteicamdd sefhendNpaged ampbﬁs:atmﬂf(NASBAbmhoﬂdlmakm KOD

DN POl Y B Smple, IP'030188' TR 436, -mlABAE RbBhe b dRbYFRAARE A2c DA

20 (LAMP) method disclosed in, for example, WO 00/28082; the isothermal and
chimeric primer-initiated amplification of nucleic acids (ICAN) method

disclosed in, for example, WO 02/16639; a self-sustained sequence

replication (3SR) method; the transcription-mediated amplification (TMA)
method; the Q beta replicase method disclosed in JP 2710159 B; methods

25  disclosed in, for example, JP 389726 B, JP 3942627 B, and NATURE

' METHODS (Vol.4,No.3,March 2007,pp.257-262), Mitani Y., Lezhava A.,

Kawai Y., Kikuchi T., Oguchi-Katayama A., Kogo Y., Itoh M., Miyagi T. et al.
2007. “Rapid SNP diagnostics using asymmetric isothermal amplification
and a new mismatch-suppression technology.” Nat. Methods 4(3): 257-262.

30 (hereinafter referred to as a “SMAP (Smart Amplification Process) method”),
an Invader method, and a rolling cycle amplification (RCA) method.

In the case of the isothermal amplification method, it is preferable
that polymerase having strand displacement ability (strand displacement
activity) be used. Therefore, it is preferable that the isothermal

35 amplification primer and primer set of the present invention contain
polymerase having strand displacement ability. The polymerase having
strand displacement ability may be, for example, any one of
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Gca DNA pol ynerase, and Bsm DNA pol ynerase. Preferably, the pol ynerase
having strand di splacenent ability is a 20 DNA pol ynerase additionally
havi ng reverse transcription activity. For exanple, BcaBEST DNA pol ynerase
or Bca(exo-) DNA pol ynerase can be used as the above-nenti oned DNA

pol ymerase. Wien using the DNA pol ynerase as descri bed above, the reverse
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addi t1Pon, Stz)@%@aé’ﬂ ye@tApfeiR o nesHR feé'\r/%‘in%?lﬁ apuﬁlg rﬁnge eﬁén(r)fg aci d
sequence dbftaﬁlecww dbdein El-n 3 aiohﬁﬂga&s attivitgrtheesfogm 28 wdlbasas mat ch
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pr ot ei ns érgﬁkﬁ%po yﬁ%‘l"’iﬁ‘t‘?? gf*‘ a‘?%ﬁ&@ I : a%leﬁpgrl\@o%t ?Iu?; '(l)lﬁhmg;(g(rjr{)lng JP
9- 504699 dbher axamidlé Ml ode Von {INA@ohymbeaseJ Wemdﬂxec)dma Polymerass, S

DO N St DRA IS S b ESTAAREO! BN hFfRicllP, RAEORRID Taa
- Geneti5 2(DN2péiytherasd ddS- 2 imigrDNAolymesnse, A TANg polyregase. 1988,

a|p4,0 ggl e]%@edf);\fg?%@q%%xsioﬁigg%%gq ﬁ@lﬁ;ﬁé%%&f{%b (ﬁl&ﬁ%)ohl!n%??%s 9|§esS et

16: 7843- TSABDNA®S]ymesseSThgrmanater DNApolgmsraseyd @ﬁD}%@pg brgerases
(1988) L@@@N‘gg ?ym%% g{ldl\%élﬁtD olynic}3sa7- 43 (1988); Dohet, C. et

4 (198 Jones
Preferably, the polymerase having strand displacement ability is a

20 DNA polymerase additionally having reverse transcription activity. For
example, BcaBEST DNA polymerase or Bea(exo-) DNA polymerase can be
used as the above-mentioned DNA polymerase. When using the DNA
polymerase as described above, the reverse transcription reaction from
whole RNA or mRNA and the DNA polymerase reaction that is performed

25 using cDNA as a template can be conducted with one type of polymerase.
Moreover, a DNA polymerase and the above-mentioned reverse

_ transcriptase such as an MMLYV reverse transcriptase can be used in
combination.
Since the isothermal amplification primer and primer set of the

30 present invention can improve, for example, specificity, it is preferable that
they further include a mismatch binding protein. The mismatch binding
protein (also called a “mismatch recognition protein”) is not limited, as long
as it is a protein capable of recognizing a mismatch in, for example,
double-stranded nucleic acid and binding to a mismatch site. For example,

35  proteins known by persons skilled in the art can be used. Furthermore, the
mismatch binding protein may be, for example, a protein (a mutant) formed
of an amino acid sequence obtained by substitution, deletion, addition,
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M et al., Gentics 115:605-610 (1987); MitS of Sal nonella typhi murium (Lu,
A L., Cenetics 118:593-600 (1988); Haber L. T. et al., J. Bacteriol. 15
170: 197-202 (1988); Pang, P. P. et al., J. Bacteriol. 163:1007-1015
(1985)); and Priebe S. D. et al., J. Bacterilo. 170:190-196 (1988)). In
the present invention, preferable m smatch binding proteins include MitS,
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gpepi f iij mﬂghﬁ(lgss?:mol&&ﬁ@%tialgﬂ\ﬂﬁb (%mg}@uﬁtzoerlmd}sﬁ ﬁIBS‘VQT ﬁmmgi ns
erive m Escherichia.c enopus, | agvi s
Bact er i opM:;GE a;eE%%?Spﬂétﬁﬁgl%ﬁigﬁhhk%ﬁg%ﬁmmﬁ%&w&ug% i ved
f rom ot heA. Bpdgémstics 11 &:593-60042988% dabersl.. BGtafl., thdarieiait ch bi ndi ng
rotejn i . t A; . . ] .
Er aci wmﬁf@é@gﬁﬁa@éwﬁﬁwﬁﬁh&f@sé %&?erle? 'glé%'%@gfég%m )’m' smat ch
bi ndi ng pamnd PriehiesS gD eéeabbl yBatiesilo. NSIR190-W86E1988))a i thepeeseintt wo or
nore of t d_i . . t {150t h I
*ﬁ%hti% H%éfegﬁe}%lgoxﬁfst%&%cglbdﬁﬂd%& Erot&lﬁ(ﬁ{w&fesl(\:/ﬁ&g REsEysot her ma

arrplifica]tlon pr rese I nventron 1n e a primer set of
an asymeMSHG6 MywsH, Mutl,cindbore derivad fromiveast is different fromthe other

in morphol ogy (BgiEhAl e atbflBERBANE ¥R match binding protein is being

20 activated by an activator, for example, in order to prevent it from binding to

a double-stranded nucleic acid containing no mismatch. The activator is
not particularly limited. Examples thereof include ATP (adenosine
5"-triphosphate), ADP (adenosine 5-diphosphate), ATP-gamma-S (adenosine
5'-0-(3-thiotriphosphate)), and AMP-PNP (adenosine 5-[beta, '

25 gamma-imideltriphosphate). Furthermore, the activator may be one of the
nucleotides that can bind to a mismatch binding protein. A mismatch
binding protein can be activated by incubating the mismatch binding
protein and the activator at room temperature for several seconds to several
minutes.

30 Preferably, the isothermal amplification primer and primer set of the
present invention further includes a single-stranded binding protein (SSB),
for example, in order to prevent the mismatch binding protein from binding
to a single-stranded nucleic acid. The SSB is not particularly limited and
conventionally known proteins can be used. Specific examples of the SSB

35 include single-stranded binding proteins derived from Escherichia coli,
Drosophila, and Xenopus laevis, T4 Bacteriophage gene 32 proteins, and in
addition, those proteins derived from other species. In this case, examples

30



an "asymetric prinmer set") and a primer set of a symetrical type in

which one of the primers is identical to the other in norphol ogy
(hereinafter, 10 referred to as a "symetrical prinmer set"). The asymmetric
priner set is suitable for, for exanple, the SMAP nethod, and the
symetrical primer set is suitable for for exanple, the LAVP nethod. The

asynmmet ri rimer dShTTBtI’IC
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i nventi O%M&ﬁl oifteoflth pﬁﬂﬂek@m Henaibad b6 8Be Stlasr ﬁpﬂm&phoﬂog? (heeinaftegnt i onal
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used. (2). e t 0 _use ,as..a pri ' : ' to

t he pres‘%ﬁf‘1 ﬁaﬁ\‘f‘efﬂfy@ﬁ Rqople fFléeewD(lvthrq 'S ho %&éﬁ%ﬁﬁ}%%g?m any
speci al canf symwidioical peimeasset draideseribedtlatart ure and therefore sequences
that are assom at.e W|1;r tthe sequence 35 recognition, such as a stem
sequence, I ther usel ess sequences nor restr.ained
sequasces are pPlesBAR methpd i aspovestionallpswidely kaopm reegiceriinto a

Pl ural i t Y, 8h)flhfin EHHCT 171d £ Dethtl inwhidd {fPFeactioh tdhgfbrabulest Lo

dye str uc% es are contal ned in one _nol ecfgl
changed contrary to the isothermal amplification method so that, for

example, double-stranded nucleic acid is dissociated, a primer is annealed to
a single strand thus dissociated, and nucleic acid is synthesized from the

20 primer. The polymerase to be used for the PCR method can be, for example,
a conventionally known polymerase such as Taq DNA polymerase.

Specific examples of the primer and primer set according to the
present invention for various nucleic acid amplification methods are
described later together with the nucleic acid amplification method of the

26  present invention.

The effects of the labeled primer of the present invention include the
following advantages as compared to the conventional single-stranded
quenching fluorescence primers {for example, a molecular beacon).

However, they are mere examples and do not limit the present invention.
30 (1) It is easy to synthesize when only one type of dye is used.
(2) It is easy to use as a primer when the DNA primer according to the
present invention has a free end.
(8) 1t is not necessary to form any special conformation such as a hairpin
structure and therefore sequences that are not associated with the sequence
35  recognition, such as a stem sequence, are not required (neither useless
sequences nor restrained sequences are present).
(4) Fluorescent dyes can be introduced into a plurality of sites (desired sites)
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positional relationship between the dyes is restrained and thereby the S/N
ratio (the fluorescence intensity ratio before and after hybridization) is
high. 5 [Materials for |abeled priner] The | abeled priner (the | abeled
nucl eic acid) of the present invention can be prepared from for exanple,
t he conpound, nucleic acid, and | abeling substance described bel ow. The
conpound gl piaéei ¢ acid can be used as, for exanple, the |abeled priner
of the pr 10 f.ar synth it or a

: . tor al e’
synt het | <) Y benal teass Winde frubhiree arpsantinede e mgfscale A3 | abel | ng
fsulblst ancepTasﬁtibhel mleﬁtenﬁhipawmdm}ﬁr@eias @é&sﬁraﬂledd and dhbiuhy ?ﬁ SAtN as

(0] OWsS. e orLnent1 one 0 undad.l coO (0] V. . SKILU re
er i vea 111R bR TITPRISIRE At RBh Bttt Pefir? S0 MG AP S IS B g 15
rtepr e:ﬁ_ent[édah?tialhé'on‘ biblebyd poinden nul a (].:L) , (1b), or (i c} , a tautoner (ir 5
stereol soner . . . .
Lo Lo SOmEL LM EAERne) 0 E%’%Q'ls&h%gﬁl%é ‘E;&écé%éd@%?%ée&#ﬁ (1 0
I n It hebf orarubepr¢ugred(froin, femeksmple, tBe compouatlpniucleje acid, had:lagehn]g\at ur al
nucl eobas C eton or
an artif isgll ai né}c&%%g%ségrﬁﬁgf"ét ?:21,8 ‘étn?@éd}fq ?hg)r{{mé}?%?nag{dg?%%%b ﬁ)as\t/ala_nl%%’ a
deoxyr i booe exrmpe othe labelasoprmsirafdhe present imventios; ar @ maav mﬁé:armf om

ei thep ongy AntMing it 3% a synthetic intermediate thereof. The compound,
nucleic acid, and labeling substance of the present invention are described
in further detail as follows.
The aforementioned compound is a compound having a structure
derived from mononucleoside or mononucleotide, with the structure being
15 represented by the following formula (1), {(1b), or (1¢), a tautomer or
stereoisomer thereof, or a salt thereof.

21 1
!
Z1 2 B/
/

L2 XQ "

I Z12 T

D |

71417 N3 /L2 /L1
B B
XQ T- XQ
oY oY oY

(1) (1b) (1c)
In the formulae (1), (1b), and (1¢),
~ Bis an atomic group having a natural nucleobase (adenine, guanine,
20  cytosine, thymine, or uracil) skeleton or an artificial nuclecbase skeleton,
E is:
(1) an atomic group having a deoxyribose skeleton, a ribose skeleton,
or a structure derived from either one of them, or
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(ii) an atom c group having a peptide structure or a peptoid structure,
ZI' and Z12 are each a hydrogen atom a protecting group, or an atomc
group that exhibits fluorescence, and nmay be identical to or different 5
fromeach other, Qis: 0, when Eis an atom c group described in item (i),
or NH, when Eis an atomc group described initem(ii), Xis: 10 a

hydr ogen atom ,, rotectin roup. of a hydro roup that , can be
deprotected w {@ g%?ﬁoméc %ﬁﬁ&bﬁ%{%@g& Btb 1@8 S?%‘*%Bﬁ%@’bﬁﬁegtﬁlgoup), a
di phosphat&icgigp, or a triphosphate group, when E is an atom c group

oroun, “mmen e £ 8 aEhaf R BL R D P

g’jgx%u%;gy%nof an am no
Iry, Yis: a
hydr ogen agtmin geoupr datanihibite flmopesdenae hynit may be édgntical te or ghfersndr ani dite
group \M[Egon %Iﬁ ?H Atomc group described in item (i), or a hydrogen atom
or a Bro |ﬁ§ _So%p, when E is an atomc group 20 described in item

(ii), LI, L2, &w:'L3 are each a linker (a linking atomor an atonic group),

the main chai ndﬁg@&b]i(fs% Qtﬂm%%%hgr‘@éﬁ@r%@ﬁiiﬂ i#dAn®) ok s arbitrary, they

each may or nm contal n each LS P, and. Siin the main
chain, "they ed¥H, whendf isap atomie growp deecibecdhin eqy ﬂgpe bond, a doubl e
bond, a 25 trigtg:bond, an ami de bond, an ester bond, a disulfide bond, an

i mno group, an ether bond, a thioether bongd, .and a thioester bond in the
mai n18hai n, an@ hydrogen atgpy %@%WI%W%PFQQYQFBX%BTWH ?lé‘?ete(fﬂn ¥ om one

e e M Sty St heioqgonpiion, 20, 111
90, i oot s i o e £ " ©
af or errentdegmﬁed[ imkieim (D3r D, and b may not be present, and LI and L2 may
be bonded dir egl!l%dxto%eg’atio{]n (t)rhg pfrg{e%%lllnag érlolﬁ)p’ ofTaI{ dmino group, when E is
15  an atomic group described in item (ii),
Y is:
a hydrogen atom, a protecting group of a hydroxy group, or a
phosphoramidite group, when E is an atomic group described in item @), or
_ a hydrogen atom or a protecting group, when E is an atomic group
20 described in item (i),
L1, L2, and L3 are each a linker (a linking atom or an atomic group),
the main chain length (the number of main chain atoms) is arbitrary, they
each may or may not contain each of C, N, O, S, P, and Si in the main chain,
they each may or may not contain each of a single bond, a double bond, a
25  triple bond, an amide bond, an ester bond, a disulfide bond, an imino group,
an ether bond, a thioether bond, and a thioester bond in the main chain, and
L1, L2, and L3 may be identical to or different from one another,
D is CR, N, P, P=0, B, or SiR, and R is a hydrogen atom, an alkyl
group, or an arbitrary substituent,
30 b is a single bond, a double bond, or a triple bond, or
in the formula (1), L! and L2 are each the aforementioned linker, L3,
D, and b may not be present, and L! and L2 may be bonded directly to B,
in the formula (1b), T is:
a phosphoric acid linkage (PO4) in which at least one oxygen atom
35  (0O) may be substituted with a sulfur atom (S), when E is an atomic group
described in item (i), or
NH, when E is an atomic group described in item (i).
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a phosphoric acid Iinkage (P04) in which at |east one oxygen atom 35 (0)
may be substituted with a sulfur atom (S), when E is an atom c group
described in item (i), or NH when E is an atom c group described in item
(ii). 33 1Inthe fornulae (1), (ib), and (ic), it is preferable that E be
an atom c group having a main chain structure of, for exanple, DNA,

ngl L i ed DNA IIEMFQ];e f?ﬁﬂidl!li@dl)m(l\l%) hgﬁ(le)r 1Piﬂppﬁem@mgl@lehmzlwa:nam dé
urthernore, .in the,formul ae an pr.ef era t ato group
r epr esentH§ STOE heyne a gai éh %%Bﬂ%“::r g?ifo{‘fﬁe?‘%ﬁ%%’eﬂm 593‘1‘&%‘} one of
t he fol | ONg RNAmaificd RNA, WA MI\EAB(pethB mmem@d:ﬂ) HHOHNO HOY
A Of H Or J-M %‘ux%%)ag%?’}g(( 4?._ich§/ OI'IEU. ae E'l and Pc'j pre el(ab@ 'th atgﬁﬁm c group

represented by
5  group represented by:

—B
XQ
10) 4
is an atomic group represented by any one of the following formulae (2) to
(4}, ‘
—B
X0
O
H H
0]
'0) 4 H oy

(2) (3) (4)
10
and

in the formula (1b), an atomic group represented by:
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OY is an atomc group represented by any one of the follow ng formnul ae
(2b) to (4b). 35 -B -BXOO XOOHH HHH OH AHJ -BM-B o=p O
0=si -OO pHH HHHHOYAOY J_ (2b) M(3b) NX-B NO NHO -B KO
OY p(4b) Inthe formulae (2) to (4) and (2b) to (4b),

/

B
XQ

0) 4

is an atomic group represented by any one of the following formulae (2b) to
(4b).
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A is a hydrogen atom a hydroxy group, an al kyl group, or an 5
el ectron-wi thdrawi ng group, Mand J are each CH2, NH, O, or S and may be
identical to or different fromeach other, B, X, and Y are identical to
t hose, respectively, in the formula (1), (Ib), or (1c), and 36 in the
formulae (2), (3), (2b), and (3b), at least one 0 atomcontained in a
phosphoric acid |inkage may be substituted with an S atong E is preferably
an atom c group having a main chain structure of, for exanple, DNA,
nodi fied DNA, RNA, or-modified RNA fromthkeyviewpoint of, | 5 for exanple,
easy synthesis. However, [E nmay be an atomc gr i mai n chain
structurexol_LNA or PNA (jpeptide nucleic acid). ofnul ae (2) and
(2b), it is pr fera@je that, for exanple, the be a net hoxy
group and the it hdrawi ng group be n the fornula
(1), (Ib), or preferable that each o | ength (the
nunber of mai ) of L', L2, and L3 hetjan integer of 2 or nore.
The upper limt in chain length (theJgmber_gf, main chain gt oms)
of L', L2, and LB is not particu#ariy limted as |describDed above andjis,
for exanple, 100|or less. 15 Preferably, thecﬁggiﬁnenti ned conpound s a
) (66)

conpound r épresEnted the follow|ng fornulTa (3), ), b), 0(5 (6c)}, a
tautoner or stereoisonerj ther@qf, or a salt thereof. 37 Z12 N
Z1I1, NN b\ 711 Z2 Om O H
H
.
(2b)
(3b)
NX
% —
N
0
NH _
——B
6 %
N<
(8]
o)
O (4b)

In the formulae (2) to (4) and (2b) to (4b),
Ais a hydrogen atom, a hydroxy group, an alkyl group, or an
5 electron-withdrawing group,
M and J are each CHz, NH, O, or S and may be identical to or
different from each other,
B, X, and Y are identical to those, respectively, in the formula (1),
(1b), or (1¢), and '
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BHH XOXO E EOY OY (5) (6) Z11 H XQE zZ12 Z11 mHB "~ N H T XQE
E Or Oy (6b) (6 c) Inthe formulae (5), (6), (6b) and (6¢c), 1, m and n
are arbitrary and may be identical to or different from one another, they
each may or nmay not contain each of C N O, S, P, and Si in the main
chain, they each nay or may not contain each of a single 5 bond, a double

bond, a triple and on | d,
i mno group, ﬁnégﬁé‘l’m&ﬁﬁ’@ &Z @P??n@g? d‘Elt er?gggn?h(?gg&ltn q’% %I& in ?Re
mai N chaiif a pBéphodicBcif linkageZhay b, substdantedrwatteandeatagal to those of

the for mulae (13, sd (L8, o1\ G3RRELIYEh Yook bl PERs 6 Hane() or  O0)

and (6¢), 1,
upper i mx‘ampié DN AN medified BNA rﬂNPthdeﬂfmdl BN IAﬁ?pﬂéﬂlQaﬁ@Wm}iét of,or

g?g?ﬁ# a bljfgrotizga{mg aﬁg%gﬁtl?%ﬁé er ﬁ%%vég 5]9 n‘é%f ﬁg arPAOnPRdrb G HBfiNg a
main cham structure of LNA or PNA (peptide nucleic acid).

In the formulae (2) and {2b), it is preferable that, for example, the
alkyl group be a methoxy group and the electron-withdrawing group be
halogen.

10 In the formula (1), (1b), or (10), it is preferable that each main chain

length (the number of main chain atoms) of L1, 1.2, and L3 be an integer of 2
or more. The upper limit of each main chain length (the number of main
chain atoms) of L1, L2, and L3 is not particularly limited as described above
and is, for example, 100 or less.

15 Preferably, the aforementioned compound is a compound
represented by the following formula (5), (6), (6b), or (6c), a tautomer or

stereoisomer thereof, or a salt thereof.
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38a In the conpound, it is preferable that Z11 and Z12 each be an atom c
group that exhibits an exciton effect. This allows fluorescence to be
i ncreased greatly when, for exanple, a double helix structure is forned,
and thereby the double helix structure can be detected further
effectively. 5 However, in the aforenentioned conpound, it is possible to
detect the double helix structure effectively even when Z11 and Z12 each
is not an atomc gro&b{2 that exhibits an exciton effect or even when only
one atom c group (dye)\ that exhibits fluorescence is introduced into one
nmol ecul e. Preferably, M1 and Z12 each are, for exanple, an atomic group 10
havi ng fl uorescenc s described above. The atom c group having
fl uorescence i s not pﬁ?tiﬁularly limted. More preferably, ZIl and Z12 are,
for exanple, Hach i ndepengently group derived fromthiazol e orange,

i

oxazol e ygmkﬁma an hemcyanitge, anot her angiggeﬁ&e, tthJréd, azo
dye, or a derivatile theteof || Furthernpte, a gr oupNde ;d/gﬁbﬂvanother 15
s t H&tH change the

known dye al so can be used s@itably. f1 uorescént dy§
DNA have been

it has |been kn t hat etlhi di um brom de
of DNA and it is used frequentl

2rcgl ating i‘nto~a doubl e helix structure
for \DNA det ecti ofy. her nore, 20

fl uorescent dyes whose fluorescente Enté¢nsity can bé centjol |l ed according

to the mcroscopic polarity, such\as _pyrenecarboxyaw de/and prodan, al so

are known. The thiazole orange is @ fluorescent dye th a benzot hiazol e

ring and quinoline ring being |inksd to each other h a net hi ne group.

It wusually exhibits weak fluorescenhce but gives strong fluorescence

em ssion by 25 intercalating into DNA having a double helix structure.

Ot her exanpl es include dyes such &8)fl uorescein and(@y3. Further

preferably, Z" and Z12 are, for exanple, each independently an atomc

group represented by any one of the following fornmulae (7) to (9). 39 RS

R6 Rlz R1

reported. In a typical exanpl
exhi bits strong quorescence’g}

XQ

oy oY
(6 Db) (6 c)

In the formulae (5), (6), (6b) and (6c), 1, m, and n are arbitrary and may be
identical to or different from one another, they each may or may not contain each of C,
N, O, S, P, and Si in the main chain, they each may or may not contain each of a single
5 bond, a double bond, a triple bond, an amide bond, and ester bond, a disulfide bond, an

imino group, an ether bond, a thioether bond, and a thioester bond in the main chain,
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Rlo Rz 1 RlI6 RI5 nR7T Rs R3 NRL7 RB RaRll1 (7) R R6 RI12 RL Rz X1
R16 R14 R15 n R13 R3 NRl7 R4 R11 (8) RI8 Rls Xz Rl Rzo Rz 1 Rls X Rzl
R16 Rlz n R3 NRL7 Ra R11 (9) 1In the forrmulae (7) to (9), 40 X1 is S or
O, nis O or a positive integer, RlL to R1I0 and R13 to R21 are each

i ndependently a hydrogen atom a halogen atom a |ower alkyl group, a
lower  al ke 98 G4IP.Z'8 30ht 61 BafiRent®lal A ¥hose of the formulae (1) and (1b),

respectively.  In the formulae (5), (6), (6b), and (6¢), 1, m, and n each are preferably an
integer of 2 or more.  The upper limits of 1, m, and n are not particularly limited and
are, for example 100 or less, more preferably 30 or less, and particularly preferably 10

5  orless.

10

15

20

25

30

35

38a



5 amno group, one of R' and R12 is a linking group that binds to L' or L2

inthe formula (1), (Ib), or (1c) or NHin the fornmula (5), (6), (6b), or

(6c), and the other is a hydrogen atomor a |ower alkyl group, when a

plurality of Rl5s are present in the fornula (7), (8), or (9), 10 they may

be identical to or different from each other when a plurality of Rl6s are
tQ or

pr esent |ntheforrrula(7 8 I

di fferent fromlBdds cﬁmfé’ru)ndarcﬁﬁl)s)ﬁr ?1‘63%\’9 ﬂE‘%t %1arf¢:221ﬁacg‘n taﬁ%ﬁﬂﬁuﬁl to R21

: 2 tZﬁg ]rr%y. thgegkhﬁ@ds dgﬁ)ex@itmd eﬁ‘?err ehr'iI'hﬁsreﬂhifvﬁﬁﬁhzl)rHsbemce tebpectively. 15
Qr nul ae 0 IS rther .nr I t hat. i t 1

the | onerngleaspd %'F%ﬁfg" B\élli%{l If?%%’éﬁmgr ’@r‘i%%‘ﬁsﬁ‘eiﬁ’ﬁ?%ﬁﬁtr‘ggds \l'/fm&tlﬁé% E(E:}}idr?ﬁon

nunber ofthdrdly ﬁne ddable ﬂﬂlﬂx(%meﬂctairkmyl gy detectzel furtheweffedivdlyanched al koxy

group_w a carbo of.1 t

Purcner daerdhis thaafie fedioheCeatypd tnd i is BORIbRC et Ol double | S

pol ynet hﬂieémtwacﬂln'ﬂ}elffeg‘tmﬂb’ avenhwhendt'hamdriditieach 1@1!10&1&111 @amlc ZTOMP bi nd

to LI or tiiz ?gﬁf -Iug egl('ﬁh&h Ghtbet éllF')fen Whe(nl &h an ohﬁcté% fayauait(5) .

(6), (6b), e car roup e “upper limt
of the cmbaimtsrﬂmbeescenca mmmm@wt@ﬁée@@ éﬂkﬂl group i s not

particularl y | ISk bAnd and 7t SR APL Sfor 40fnlel ANBtom25 Z11 and 712

o ahas loane fatmestente o Goseibipbveac Tis Mlepic Eb ol oup” | ©
rR?fr eRZean:FL‘LQ)(Qéﬁcé(zR:@riylnﬂt ﬁ)gi%)mﬂfaﬂyzﬁ)mté@ Hor&prétb2ablyRo arRK3)2 ade, R7 Rs R4
for example each independently a group derived from thiazole orange,
oxazole yellow, cyanine, hemicyanine, another cyanine dye, methyl red, azo
dye, or a derivative thereof. Furthermore, a group derived from another
15 known dye also can be used suitably. Many fluorescent dyes that change
the fluorescence intensity by binding to nucleic acid such as DNA have been
reported. In a typical example, it has been known that ethidium bromide
exhibits strong fluorescence by intercalating into a double helix structure of
DNA, and it is used frequently for DNA detection. Furthermore,
20 fluorescent dyes whose fluorescence intensity can be controlled according to
the microscopic polarity, such as pyrenecarboxyamide and prodan, also are
known. The thiazole orange is a fluorescent dye with a benzothiazole ring
and quinoline ring being linked to each other with a methine group. It
usually exhibits weak fluorescence but gives strong fluorescence emission by
25 intercalating into DNA having a double helix structure. Other examples
include dyes such as fluorescein and Cy3. '
Further preferably, Z11 and Z12 are, for example, each independently
an atomic group represented by any one of the following formulae (7) to (9).
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RS RERI2ZRIL/ N R2 X~ Rya 3 NRI3 R4 R11 (20) In the fornulae (19)
and (20), X1 denotes -S- or -0-. Rl to R, R13 5 and Rl14 indicates each

i ndependently a hydrogen atom a hal ogen atom a |ower al kyl group, a |ower
al koxy group, a nitro group, or an amno group. One of RI| and R12 is a

| i nki ng group that binds to LI or L2 in the formula (1), (Ib), or (1c) or
NHin the formula (5), (6), (6b), or (6¢c), and the ot is a hydrogen
atomor a |lower alkyl group. 10 The aforenenti oned conpound nmay be, for
exanmpl e, a conpound having a structure represggmted byl the fgitkow ng
formula (10), a tautoner or stereoi sonmer thereofy a ﬁkr'thereof. 42

HN# z12 QN H2 Z11 HHN N --kOXQE OY (10) n thejformula (10), E,
Z11, 712, Q X, anR'Y are identical to those used i|n thejornul a_fol)
respectively. 5 Infthe formulae (1), [( and B pay~have-R natura
nucl eobase rgkel et an but 1By have p j Kel eton as

descri bed abo

RQ
R3

RS

R4 R“

(7)

(8)

R18 R19

RZD

(9)
In the formulae (7) to (9),
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For exanple, B is preferably a structure represented by Py, Py der., Pu,
or Pu der., where the Py is an atom c group having a covalent bond to E in
the 10 1-position and a covalent bond to a linker noiety in the 5-position
in t he six-rrerrbered ring represented by the following formula (11), the
"Py der." is an atomic group in which at least one of all the atoms of the
si x- menber ed rlng of the Py has been substituted with an N, C, S, or O
atom and the 'S5 Oy 0 atom may have an el ectric charge, a hydrogen

15 atom or a &uia,-sobfuq;mislﬁt@ira;a ye, the Pu is an atonic group having a

coval ent bond E 1tio co aI er

noi ety in the & SIHB %HieR Y‘ﬁgi %ﬁ’s’é’dﬁpﬁﬂ € Braeg %«5%8 &OHI%

fol | ow nglafl@géﬁlhﬁbxﬁ,lalowemdlkyigﬂ?upmﬂowe:saﬁsrmxatgmup, gmitne gmuan: Anat

| east _.one of all the atons 20 of the five-nmenbered ring of the Pu has been
subst Ptut® G #¥"n N, C S, or 43 Oatom and the N_ C, S, or O atom nay

have an el ectrlmeodf&vgandaRWdrm]gahmggmnp hatbindbse Lf wed? mutheably. 3 N 5
1| 4= 9 N B2 ol Bd ol s chelionia ) @808 3 sgankhaapg corpound

may be, represente ow ng fornula
(13) or (oxhwlsaaﬂlafdmgﬁarammogtaeh@mrs&dkﬁ gltfhmeof or a salt t hereof z12

HNC O Z' N'\/ Nyl o 1hYa iy RO are pfbkent in the formula (7), (8), or (9),

10  they may be identical to or different from each other,
when a plurality of R18s are present in the formula (7), (8), or 9),
they may be identical to or different from each other, and
X1 and R! to R2! in Z and X! and R! to R2! in Z!2 may be identical to
or different from each other, respectively.

15 In the formulae (7) to (9), it is further preferable that in R} to R21,
the lower alkyl group be a linear or branched alkyl group with a carbon
number of 1 to 6, and the lower alkoxy group be a linear or branched alkoxy
group with a carbon number of 1 to 6.

In the formulae (7) to (9), it is further preferable that in R11 and R!2,

20 the linking group be a polymethylene carbonyl group with a carbon number
of at least 2 and bind to L! or L2 in the formula (1), (1b), or (1c) or NH in the
formula (5), (6), (6b), or (6¢), by the carbonyl group moiety thereof. The
upper limit of the carbon number of the polymethylene carbonyl group is not
particularly limited and is, for example, 100 or lower.

25 When Z1! and Z!2 each are represented by any one of the formulae
(7) to (9), it is more preferable that they be, for example, each independently
a group represented by formula (19) or (20).

R2
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E (13 OY 44 HNC 212 O Z11 NN HHPu or Puder. XQE (14) OY In the
formulae (13) and (14), E, Z11, Z12, Q X, and Y are identical to those
used in the formula (1), 5 respectively, and Py, Py der., Pu, and Pu der.
are as defined above. Wien the conmpound has a phosphoram dite group, it is
preferable that the phosphoram dite group be expressed by, for exanple,
the following fornula (15): -P(ORZ)I® R23) (R24) (15) 10 where R22 is a
protecting group of a phosphate group, and R23 and R24 are each an al kyl
group or an aryl group. Further preferably, int formula (15), R15 is a
cyanoet hyl group, and in R16 and R17, thesal kyl fgroup i s an isopropyl
group and the aryl group |s a phenyl gro the aftor enent i oned
conmpound, for exanple, t het' conmpound represe tHE formul a (1) may be
a conpound represent ed by the followng for 45 HNC Zit O z11 HN
/ NB NH~v H X0 ORYo A x!

N
3
|

R4 R11

(20)

In the formulae (19) and (20), X! denotes —S— or —O—. R! to R10, R13
5 and R indicates each independently a hydrogen atom, a halogen atom, a
lower alkyl group, a lower alkoxy group, a nitro group, or an amino group.
One of R11 and R2 is a linking group that binds to L! or L2 in the formula (1),
(1b), or (1c) or NH in the formula (5), (6), (6b), or (6c), and the other is a ‘
hydrogen atom or a lower alkyl group.
10 The aforementioned compound may be, for example, a compound
having a structure represented by the following formula (10), a tautomer or

stereoisomer thereof, or a salt thereof.
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(21) In the formula (21), A denotes a hydrogen atom or a hydroxy group.
Preferably, Ais a hydrogen atom B denotes a residue of adenine, guanine,
5 cytosine, thymne, or uracil. For exanple, adenine and guani ne have been
bonded to a double bond in the 8-position, and cytosine, thym ne, or uraci
have been bonded to a double bond in the 5-position. Z11 and Z12 each

i ndi cates independently an atom c_group that exhibits fluorescence, a
hydrogen atom or a protecting p of an am no group, and are 10
particularly preferably a rediMue of an oxazole yellow derivative or a

t hi azol e orange derivative. X flenotes a hydrogen atom a protecting group
of a hydroxy group that can bel deprotected with acid, a nonophosphate

group, a di phosphate group, @f a triphosqgate group. Y is a hydrogen atom
a protecting group of a hydfoxy group, orpja phosphoram fH,e group. 15 It is
further preferable that the|[conpound reprigsented by the ormula (21) be
repr esent ed h&“the f.el] ow pN.f or (22) 12 OQLZ 11 NNCH HN O
0 XO YOA (22) Nfi t he~s0or nul a1 22), deno ogeRrpgtomor a
hydroxy group. 24 and Z12 are each |ﬁﬂependently anilat om c| group t hat
exhibits 5 fluorescence, a hydrogen atom or a protefting group of an am no
group, and  particularly preferably a residue of an 0O
derivative or a thiazole orange derivative. X denotes
protecting group of a hydroxy group that can be deprotgcted with acid, a
nonophosphate group, a di phosphate group, or _a triphosghate group. Y is a
hydr ogen atom 10 a protecting group of a hyE or a

phosphoranm dite group.

oY

(10)

In the formula (10),
E, Z11 712 Q, X, and Y are identical to those used in the formula (1),
respectively.
5 In the formulae (1), (1b), and (1¢), B may have a natural nucleobase
skeleton but may have an artificial nucleobase skeleton as described above.
For example, B is preferably a structure represented by Py, Py der.,,
Pu, or Pu der., where
the Py is an atomic group having a covalent bond to E in the
10  1-position and a covalent bond to a linker moiety in the 5-position in the
six-membered ring represented by the following formula (1D,
the “Py der.” is an atomic group in which at least one of all the atoms
of the six-membered ring of the Py has been substituted with an N, C, S, or
O atom, and the N, C, S, or O atom may have an electric charge, a hydrogen
15 atom, or a substituent suitably,
the Pu is an atomic group having a covalent bond to E in the
9-position and a covalent bond to a linker moiety in the 8- posmon in the
condensed ring represented by the following formula (12), and
the Pu der. is an atomic group in which at least one of all the atoms
90  of the five-membered ring of the Pu has been substituted with an N, C, S, or
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In the conpound of the fornmula (21) or (22), when Z11 and Z12 are each a
hydr ogen atom or a protecting group of an am no group, two am no groups
(or protected am no groups) are contained in one nolecule, and therefore
two | abel ed nol ecul es can be introduced into one nol ecul e using 15 the

am no groups. For exanple, when | abeled nucleic acid is produced, wth,

for examd etom, hhdaheSde0] Ssob6) atvee nedy hacban dlogirivedeage, atysiragame bei ng
bound thereto, the.nuclei¢c a ig detection sensitivity can be inproved.
Furthernﬁ?@?“é@‘ﬁ?yhéﬁ “88§8U&H B2 7" and z12 are each an atonic group that
exhibits fluorescence, |gbeling nucleic acid with a spgcific fluorescent 20
subst ance nekes it_p@ssihle to detect it easil ’ Furthérmore, in the.
conmpound of the for N &r (22), a co ~Gh 1#ZI'| and Z12 are
each an atom c group {that efhibits fluores side or

nucl eoti de nodified th ;2; fl uorescence s, for|exanple, a

t hi azol e orange derifvat or2 an oxazol e yell w' er] bve. A primer
formed of a single-strarfad nucleic acid contajri ng ®lch a conpound enits
very weak fl uorescence, en the priner is usedl by 47 3tself, due to
guenchi ng caused by exciton coupling, but emts strong fluorescence by
hybridi zing with DNA or, RNA. That is, for exanple, th% fl uorescence of the
t hi azol e orange derivagﬂv%)or t he oxazol e yell ow (defilvative is suppressed
strongly by the_ distorted structure thereof, but 5 when the thiazole orange
derivative or &J&ﬁf%ewmmméé}ommq MAYRR fPBeX@NR,Te’t%%O’-EP?EEéur al

di st okt i GRpkSscmdBd Bl!thd follewhhX stnild Q3R 6LI0V4)s briangombt wer escence is
emtted. Tﬁe fl uorescencg can %ﬁ ggte ted by, for exanple, excitation

per f or meFLERGORRPIARY erpak OF 4,53 el ength of 488 nmor 514 nm but the
detection nmethod is not limted thereto. 10 The conpound represented by the
formula (1), (1b), or (1lc) can be ‘%§ed for synthesizing, for exanple, a

| abel ed priner (labeled nucleic gei©d) of the present invention. That is,

t he af orenenti oned conpound cafifhbe used as a | abel i ng substance (nucleic
acid | abeling reagent) for nuclgic acid. For exanple, by using the
conpound represented by the forpaula (1), (1b), or (1c) 15 as a nucl eotide
substrate and carrying out a pcleic acid Eynthesis reaction wusing a

single stranded nucleic acid|as a tenplatejj or by synthesizing a
11
Z\\‘N’/,\\\«/’N\\N/’/\\\N’/lt\\sﬁjz\\\
H H

Py or Py der.

XQ

(13) oY
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single stranded nucleic acid chemcally (for exanple, a chem cal synthesis
nmet hod such as a phosphoram dite nethod that is carried out using an

aut omat ed nucl eic acid synthesizer) using a compound represented by the 20
formula (1), (1b), or (lc), nucleic acid containing at |east one nol ecul e
of the conpound in one nol ecule can be produced. In this case, the atomc
groups Z" and Z12 may be each an aggnic group that exhibits fluorescence
but also my be a hydrogen aton;gz a protecting group. If the atomc
groups Zu and Z12 are each, fitl exanple, an atomic group that exhibits
fluorescence, 25 the | abeled prinmer of the present invention can be
produced, and if they are each)a hydrogen atomor a protecting group,
further substitution of those atons or oups with atom c groups that

exhi bit fluorescence allows tthe | abeled imer of the present invention to
be produced. The nunber of cg@npounds repregented by the formula (1), (1b),
or 30 (1c) thaﬂ\grg/qugﬁLpu in | abefed primer of the present
invention is not “articwarly NimtedNTt i s—Tor @ﬂ?ﬁ (ﬁgproxinately 1
to 100, and prefddably approximately Hto 20. The coppound or nucleic acid
(the | abel ed priner of the present invention) may haye, for exanple, a
structure represented by any one of the %aafollomﬁng formulae (23) to
(25). In this case, it can be used suitably !

dye introduced therein. However, preferred conpounds\to be used as
fluorescence primers are not limted thereto. XH Fluo Il )n Fluo
O XP;j (23) In the fornmula (23), two dyes (Fluo inked to a base B.
The site at which the base B binds to a |inker ig—hot particularly
limted. For 5 exanple, the base Bis Iinked to allinker in one position
selected fromthe 4-position, tqe 5-posi tion, angythe 6-position of
pyrimdine and the 2-position, tﬂe4§-position, the 6-position, the
7-position, and the 8-position of

In the formulae (13) and (14),
E, Z11, 712, Q, X, and Y are identical to those used in the formula (1),
5 respectively, and Py, Py der., Pu, and Pu der. are as defined above.

When the compound has a phosphoramidite group, it is preferable
that the phosphoramidite group be expressed by, for example, the following
formula (15):

—P(OR22N(R28{R24) (15)
10  where R2? is a protecting group of a phosphate group, and R?3 and R2* are

each an alkyl group or an aryl group.

Further preferably, in the formula (15), R15 is a cyanoethyl group,
and in R16 and R!7, the alkyl group is an isopropyl group and the aryl group
is a phenyl group. |

15 In the aforementioned compound, for example, the compound
represented by the formula (1) may be a compound represented by the

following formula (21).
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purine. The l|inker has one base |linkage site, branches into at |east two
along the path, and is linked to dyes at the ends thereof. The nethod to be
10 enployed for linking it to a base or a dye is not only a bond forned by,
for exanple, a nmetal-catalyzed reaction, a ring formati on condensation
reaction, or a Mchael addition reaction to a double bond or a triple bond
but also, for exanple, an am de bond, amzester bond, a disulfide bond, or
a bond formed by, for instance, an jgyfne formation reaction. Wth respect
to the linker, 15 the lengths (1, in,| and n) are arbitrary, and it may
contain a single bond, a double bond, a triple bond, an am de bond, an
ester bond, a disulfide bond, amp€, imne, an _ether bond, a thioether
bond, or a thioester bond. . Furthernore, it is preferable that the |inker
not prevent the exciton effect firom being cauded by dinerization. The
branch (X) is each atom of car boﬁ'NWOn B phosphorus, and
boron, and protonat? | e NH+) oxi dati o (for instance, P=0
may occur. Preferably, Nf*he dye to be used){ that lexhibits an exciton
effect by dinerization. The site at which Fe dye i nked to a linker is
any portion thereof. The forrmula (23) shows deoxyri bonucl eotide, which is
a partial structure of DNA, but instead 25 of tha nucl eic acid
skel eton may be ribonucl eotide (RNA) as well as nodi fi.ed nucleic
acid such as 2" O nethyl RNA or 2'-fluoro DNA Y acid nodified
nucl eic acid such as phosphorothi oate nucleic acid, or functional nucleic
acid such as PNA or LNA (BNA). 49 Flu@1)O ~Fl uo 1 _o | OO(24) In the
formula (24), two,dy, r i nke base, B. The, sites whi ch t he
base B b\ nds t dhithearuts LN, Gtk ahaRgEeH At et RbrLEREPe. | he
base B i Prefariably, 20isld hidrogennatonn pBienotesa sesiduced aldeaind, lgmandngosi ti on,
the 5; pos' Edsci)ﬂe t ym:ltnrt!:(,am6 u acﬂt I R &Ealﬁiﬁé,@d%ﬂi}?e glqg é[ug%ine have been.

bonded to a double bond in the 8-position, and cytosine, thymine, or uracil

have been bonded to a double bond in the 5-position. Z! and Z12 each

indicates independently an atomic group that exhibits fluorescence, a

hydrogen atom, or a protecting group of an amino group, and are

10  particularly preferably a residue of an oxazole yellow derivative or a
thiazole orange derivative. X denotes a hydrogen atom, a protecting group
of a hydroxy group that can be deprotected with acid, a monophosphate
group, a diphosphate group, or a triphosphate group. Y is a hydrogen atom,
a protecting group of a hydroxy group, or a phosphoramidite group.

15 It is further preferable that the compound represented by the
formula (21) be represented by the following formula (22).
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2-position, the 3-position, the 6-position, the 7-position, and the
8-position of purine. The two |inkers each have one base |inkage site and
are linked to a dye at the other end thereof. The nethod to be enpl oyed
for linking them 10 to a base or dye is not only a bond forned by, for
exanple, a netal -catalyzed reaction, a ring formation condensation
reaction, or a Mchael addition reaction to a double bond or a triple bond
but also, for exanple, an ani bond, an ester bond, a disulfide bond, or
a bond forned by, for insteyice, an imne formation reaction. Wth respect
to the linkers, the lengths| (1 and m) 15 are arbitrary, and they may
contain a single bond, a bl e bond a triple bond, an am de bond, an
ester bond, a disulfide ffond, aminefl imne, arfether bond, a t hi oet her
bond, or a thioester bon : Further re, it is |preferable that the linkers

not prevent the exciton byt di meri zati on.
Pref erably, m&hgmg used i $one that §xhibifts an exciton 20 effect by

dimeri zation. The site at which the dye is [iinked to a linker is any
portion thereof. The formula (24) shows deoxyx| cleotide, which is a
partial structure of DNA, but instead t he mucl ei ¢ acid skel eton
may be ribonucl eotide (RNA) as wel IXoas dified nucleic acid such as
2' O-methyl RNA or 2'-fluoro DNA phosphor\c acid nodified nucleic acid 25
such as phosphorot hi oate nucleic acid, or tional nucleic acid such as
PNA or LNA (BNA).. 50 Fluo O P-O1_ O Bgft'uo P-OlI OO J,Flj (25 In
the formula (25), the bases (Bl and B2) of cont |Aguous nucl eoti des each are
!|nked to one dye (Fluo). The site at which each base binds to a 5 |inker
is not particularly limted. 8@} exanple, each base is linked to a

In the formula (22), A denotes a hydrogen atom or a hydroxy group.

711 and Z12 are each independently an atomic group that exhibits
5 fluorescence, a hydrogen atom, or a protecting group of an amino group, and
particularly preferably a residue of an oxazole yellow derivative or a
thiazole orange derivative. X denotes a hydrogen atom, a protecting group
of a hydroxy group that can be deprotected with acid, a monophosphate
group, a diphosphate group, or a triphosphate group. Y is a hydrogen atom,
10  a protecting group of a hydroxy group, or a phosphoramidite group.

In the compound of the formula (21) or (22), when Z! and Z12 are

each a hydrogen atom or a protecting group of an amino group, two amino

groups (or protected amino groups) are contained in one molecule, and
therefore two labeled molecules can be introduced into one molecule using

15 the amino groups. For example, when labeled nucleic acid 1s produced,
with, for example, a fluorescent substance or a chemiluminescent substance
being bound thereto, the nucleic acid detection sensitivity can be improved.
Furthermore, as in the case where Z!! and Z'2 are each an atomic group that
exhibits fluorescence, labeling nucleic acid with a specific fluorescent

90 substance makes it possible to detect it easily.

Furthermore, in the compound of the formula (21) or (22), a
compound in which Z1! and Z12 are each an atomic group that exhibits
fluorescence is nucleoside or nucleotide modified with two fluorescence
molecules, for example, a thiazole orange derivative or an oxazole yellow

95  derivative. A primer formed of a single-stranded nucleic acid containing

such a compound emits very weak fluorescence, when the primer is used by
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| i nker at one position selected fromthe 4-position, the 5-position, and
the 6-position of pyrimdine and the 2-position, the 3-position, the
6-position, the 7-position, and the 8-position of purine. The two |inkers
each have one base |inkage site and are linked to a dye at the other end
thereof. The 10 nmethod to be enployed for linking themto bases or dyes is

not only jfdioathe thQjuEdhbygy ci@gecpw@ﬁbﬁ@n@oﬁpﬁﬂé W@hmg‘ﬂw@ctlon a ring
A

formation, condens action iti nreactlo to a

doubl e bdHprescencedy; by E’&H&S pith ING Orf@} éﬂiﬂ ds, 108 examme ot an

]frst ert borfﬁzor@stgﬂrﬁ:!ékffwt@ ﬁhﬁ%ﬁb oﬁng{% @@ndaﬁlﬁé' Bfldh@wxaidﬁé y:all&v‘vanCE( 1an ijm'mne
ormation, reacti on. e e linkers, the.len an

are arbit We?n’& UpEye tE%‘Eﬁ gy %‘%&?@?@eﬁgﬁﬂietg %‘E}Eﬂﬂeg% 6’(% atriple

boRd 5gn vamxﬁi eh@pm&,zgmm%sﬁg@rderhmtme ﬁr ok sacllé ydﬂoxgamwamedandsrmne an

et her bo hi oet her .bond, .or .a thigester rt

prefer ablrthfqhé tsﬁélqt}ufﬁ}e‘ﬁ§ Blfmplﬁg\?‘gﬁ?ﬂe(f detg‘crat rhCFgl??rgE?’n??Ogirﬁ bei ng

caused byflutirosedneatis emittedef Q}Mbﬂyoretshenmbymn be Aetduted bgdior exemmple hat

exhibits Qexel ton effe r dye is

linked t& 511:'&1 Eleprerforn; (fﬁ?)ﬂ%/g[ Z?I%%E'tlﬁé%te{g?& T %fe %I?@Pa&f "‘fg]‘l‘ﬁ‘h%ll 5‘?4 d

deoxyri bmmpb'ebthejdetamlouhne’ehcai ;satmtllaﬂmmdrtﬂn@mme of DNA, but instead of

that ,;5t he nucl | as

Sugarnodi 11 ed Tt fibfoRi¥ seb AReRRA 7 (bl LALLM, A6 Lof W%%?%qjﬁx

phosphor iuseddby smthersmagntmeeqa@ndes d labelad ata”npﬁb @letsltwtdax%a ic

O L A e e S e S

aci d of tase } l@slmﬁsuWémq cleigacyhl a%r@@tseﬁ%afg &mfeaa@ efg}f

st er eoi S%&nﬂ%be%s ﬂ?éédrﬁ pbSRAREpresentst By WRE forldhuBN(1) 0fth) Céd (lickoner) ,

any | soner can for the present invention. t . of the conmpound
T £ el etf’élbéFFa&E R MU R AT N

Salt Furidigg gﬂi’lﬁglet -ieanbed nhhmic fa@Idr@s amem%@m aﬂ@yts:cyﬁlﬂhésihihlg amy be an
i norganic.a or _an. or gani c . ase .t hat . for
addi tion Sé%g ed oh e?‘fb‘?‘%‘ ﬂyég’raﬁ?am%lﬁn?fhﬁgg ﬁ&heﬁlﬁor gani c

acid i s nagthur stuchlh@almobphbtaamdlﬁx argthed thht%isacHrrlenilccbujﬂﬂmngwlnf uric acid,
DB IR B BB e SR b 6o prebBnbifgbagr o 2t
20 formula (1), (1b), or (1¢), nucleic acid containing at least one molecule of the '
compound in one molecule can be produced. In this case, the atomic groups
Z11 and Z12 may be each an atomic group that exhibits fluorescence but also
may be a hydrogen atom or a protecting group. If the atomic groups Z11
and Z12 are each, for example, an atomic group that exhibits fluorescence,
25 the labeled primer of the present invention can be produced, and if they are
each a hydrogen atom or a protecting group, further substitution of those
atoms or groups with atomic groups that exhibit fluorescence allows the
labeled primer of the present invention to be produced. |
The number of compounds represented by the formula (1), (1b), or
30 (1c) that are contained in the labeled primer of the present invention is not
particularly limited. It is, for example, approximately 1 to 100, and
preferably approximately 1 to 20.
The compound or nucleic acid (the labeled primer of the present
invention) may have, for example, a structure represented by any one of the
35 following formulae (23) to (25). In this case, it can be used suitably as a
fluorescence primer with a dye introduced therein. However, preferred

compounds to be used as fluorescence primers are not limited thereto.
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hypobr onous aci d, hypoi odous acid, fluorous acid, chlorous acid, bronous
acid, iodous acid, fluorine acid, chloric acid, bromc acid, iodic acid,
perfluoric acid, perchloric acid, perbrom c acid, and periodic acid. The
organic acid also is not particularly Iimted. Exanples thereof include 15
p-tol uenesul foni ¢ acid, methanesul fonic acid, oxalic acid,

p- bronobenzenesul fonic acid, carbonic acid, succinic acid, citric acid,

benzoic acid, and acetic acid. The Jd wgﬁ@f\b 8'6\3\5/76&\ particularly
linted. Exarrpl eslt heroeof i ncl ude ni hydt oxi de,/ nal kali et al
& met al hydf oxi de, car at e, and hydrogen

hydr oxi de, al kalin
carbonate. Mre 20 spedific xangles i ncl ude sodi Jydroxi de, potassium
hydr oxi de, potassi um @ar bon um car bonat e, | sodi um bi car bonat e,

pot assi um hydrogencar bonat e, j#m hydroxi de, antgal ci um carbonate. The
organi ¢ base also is not Ilnlted Exanpl es thereof include ethanol am ne,
triethylamne, and trls(hydroxyqpthyl)anlnonethane The met hod of 25
produci ng salts thereof also i 5 N0t particularly limted. They can be
produced by a nethod in which, for Z nple the aci ds or bases as descri bed
above are added suitably to the el es23bon donor/receptor binding nol ecul e by

a known met hod In'%%tfﬂ%@é @zs)W&ﬁa dyfe@f(Fﬁi@in‘me]idaletoSalbaéda BuerfThdisise an
ISOI’T'EI’ any | soner can

I nst ance e..case, ofna "napht hyl 30

group", iat mhﬁéedaaﬁerﬁbmimo @E’éﬁﬁ?rd? ngt ?aﬁgﬁ“ g‘[h&‘g‘ﬂjp For t her nor e,
IEQ th preﬁ‘;%‘ﬁfﬁle% le@'b‘&?éé;B is 1ikedl toyd hﬁk@klliin Ioﬁe @m@hmaeéhectddaﬁrbm theni t Fd

anpl es fhereof include. a net r.ou [ n- pr opy
group, arfPeshioapiie § rHﬂﬁ"btm%rPIf‘filMg?lp ¥]|n§19%n 'E{Pld tglfgoup,
sec- but yl2-gs&ion, ﬁl@éiB%dseﬂién bulieyﬁ-pgsmmm, the 7\npad>dlt1an, gmbmbe S(PQﬂltIBE adxanpl e,
an al kyl am no gr al k t in their
struct ur SRRy @5& ﬂmri‘teﬁg‘aﬁeqlﬁoﬁ%sregépg% gﬁ%uﬂarﬂcms %&;ﬁ fgc UF%O
limted. ;ﬁaﬁgmhe@ath,ea{mbis linkbd de dgesfdltdthe @uﬂkﬁhEWUpgm@E ‘for]éﬁn a 52
met hyl gr ou fgEIP, an
e butigr Ssaloyed 61 Btk 4o BsC'oP B 1o Uiy AbdioRiaied bR i
group, asample, asmeradwpsalysad apadiion, pfertrnl rvatiopn copdsngatipn repehie
structures éﬁ\fchaglx i%n I%BB@E)IIHZH(%{ QK sdf Gy ltrl é)l%hdibdt also, for

er f1 uor 03¢ ro esent |1 nvent._on, not
Bar ticul m%mp]genanezjm@w,egl ester bond, a disulfide’ bon or a bor?({ Por%:ledS

by, for instance, an imine formation reaction. With respect to the linker,

15 the lengths (1, m, and n) are arbitrary, and 1t may contain a single bond, a
double bond, a triple bond, an amide bond, an ester bond, a disulfide bond,
amine, imine, an ether bond, a thioether bond, or a thioester bond.
Furthermore, it is preferable that the linker not prevent the exciton effect
from being caused by dimerization. The branch (X) is each atom of carbon,

90 silicon, nitrogen, phosphorus, and boron, and protonation (for example,
NH*) or oxidation (for instance, P=0) may occur. Preferably, the dye to be
used is one that exhibits an exciton effect by dimerization. The site at
which the dye is linked to a linker is any portion thereof. The formula (23)
shows deoxyribonucleotide, which is a partial structure of DNA, but instead

95  of that, the nucleic acid skeleton may be ribonucleotide (RNA) as well as
sugar-modified nucleic acid such as 2’0-methyl RNA or 2'-fluoro DNA,
phosphoric acid modified nucleic acid such as phosphorothioate nucleic acid,
or functional nucleic acid such as PNA or LNA (BNA).
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t hereof include a fornyl group, an acetyl group, a propionyl group, an

i sobutyryl group, a valeryl group, an isoval eryl group, a pivaloyl group, a
hexanoyl group, a cycl ohexanoyl group, a benzoyl group, and an

et hoxycar bonyl group, as well as groups containing acyl groups in their 10
structures (for exanple, an acyl oxy group and an al kanoyl oxy group). In

the present invention, carbonyl carbon is includeg in the carbon nunber of
t he acyl group. For exanmple, an al kanoyl S% U ; aCile group) wWith a

P
carbon nunber of 1 indis€gtesfa formyl grotd. Fust ernpre, in the present
i nvention, "hal ogen" deno (ﬁﬂ@par bitrary hé&o,%’n\;e/érrent, and exanples 15
t hereof include fluorine, chllorime, brom ne, and 1%dine. In the present

i nvention, the protecting group of i group is not particularly
limted. Exanples thereof include trifyuoroacetyl group, a fornyl group,
a Cil-6al kyl -carbonyl group (for exanple, acetyl and ethylcarbonyl), a

Cl- 6al kyl sul fonyl group, a tert-bufyl oxycarbonyl group (hereinafter also
20 referred to as "Boc"), a benzyl oxkﬁ‘? bonyl group, an allyl oxycarbonyl
group, a fluorenyl nethyl oxy carbonyl %?oup, an aryl carbonyl group (for
exanpl e, phenyl carbonyl and napht hyl(g‘ bonyl ), an aryl sul fonyl group (for
exanpl e, phenylsthé forplular@4hapht dydss(Blfiohgte linked 16 bak . oXBloasibesy |

group (fo - p henyd ). - 10

o al Ryl carpSETERE baBE B Bkl s W ot UGN HInlited For® 0 0 ana
an ar & kyéxampleg the hase Sanlp dmenﬁnkbrsﬂimemsitﬁIMe,lecaad fromtthe group).
These gro 4.tu Lt . qg«&@g : 3 hree hal ogen

at ons (fo#@?%’e@ B ??ﬁ%&ﬁohé%ﬁgﬁ%rds%%%ﬁ%%l mh.ﬁle(}lﬂg%ﬁrﬂﬁreo gr oups, _
Speci fi c 2peaifies theel peditionnthe deposifioni theohpasijiosy padrtherpositivnmpt a

p- chl or obg Rz OX YR KA Mk A Ravdofit HALOARGBE KHRMERARONKkedkOUP, and

a p-nethoxybenzyl oxycarbonyl group. In_the preséent iInvention, the

or ot ect | naveRbEEe ether andikspobr v matkpddp g comBlogagder inbm ey

depr ofect gfla Wak8 op@ydfis ndt BAly RMohiddetael by, FdF &:8dnplex ambed-caiglyeed

i nclude a dinethoxytrityl group, .a nonomet hoxytrity -%{%'fp’ and a pixyl 35
group. PaFe3ctionsA|ing fareation candensationyeackion, g addiien c acid (the

ggbel ed npgHcgion @ doabletitmidises eniplé byed biu@Alsd, H6t sgemphn e d.pdesent ed by

bond, an ester bond, a disuifide bond, or a bond formed by, for instance, an
imine formation reaction. With respect to the linkers, the lengths (1 and m)

15  are arbitrary, and they may contain a single bond, a double bond, a triple
bond, an amide bond, an ester bond, a disulfide bond, amine, imine, an ether
bond, a thicether bond, or a thicester bond. Furthermore, it is preferabl_e
that the linkers not prevent the exciton effect from being caused by
dimerization. Preferably, the dye to be used is one that exhibits an exciton

20 effect by dimerization. The site at which the dye is linked to a inker is any
portion thereof. The formula (24) shows deoxyribonucleotide, which is a
partial structure of DNA, but instead of that, the nucleic acid skeleton may
be ribonucleotide (RNA) as well as sugar-modified nucleic acid such as
2'0-methyl RNA or 2'-fluocro DNA, phosphoric acid modified nucleic acid

25  such as phosphorothioate nucleic acid, or functional nucleic acid such as
PNA or LNA (BNA).
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chem cal fornulas, described later in the section of Exanple, 102 to 106,
110, 113, 114, 116 to 118, 120, 121, 122, 123, 124, ODN1, ODN2, ODN3,
ODN4, ODN5, ODN6, ODN7, ODN8, ODN9, ODN10, ODN (anti4.5S), and ODN
(antiBl), as well as geonetric isoners, stereoisoners and salts thereof. 5
Especi al ly, conpounds 110, 113, 114, 116118, 120, 121, 122, 123, 124,
ODN1, ODN2, ODN3, ODN4, ODN5, CODN6, ODN7, , ODN9, ODN10, ODN
(anti4.5S), and ODN (antiBl) are parti d in, for exanple,

nucl eic acid det ngL,i on sensitivity s'B ce thi’dzol'é orange and DNA are
coval ently bonded W\th “a uni que strugture. Furthernore, conpounds 110, 10
113, 117, 118, 120, &2¥—% 123, 124, ODN1, ODN2, ODN3, ODN4, ODN5,
ODN9, CODN (anti 4.5S) and (ankiBl') that contain two thiazole orange

structures in one moleclil e ¢ d further effecgtively as a

fluorescence priner of a sin anded DNA Wes t he

fluorescence in a single-stra dﬁ state and h fluorescence intensity
d

that is increased by 15 formn ouble helix{with a conplenentary DNA or
RNA. Next, the |abeling substa"é‘e‘e']’_cﬁ'0 e present invention is described.
The | abel i ng substances nenti onedybel o cgn be used as the | abel ed
primer (labeled nucleic acid) of the pr iAvention. That is, the

| abel i ng substance is: 20 (i) a labeling ance that emts fluorescence,
with two planar chem cal structures con®ained in one nol ecul e, which exist
not in the sane plane butt with a certaiﬁ%ﬁﬂgle formed t her ebet ween, being
| ocated so as to be arranged in the sane plane when the nol ecul e undergoes
intercalation into or groove bindi485lo nucleic acid, 25 (ii) a labeling

substance for meg, §fe Akl B21055, Whe BY8eAOBESHI BAbOBMStiEhchs Hacleptideexhi bi t
fluorescence emssjion due to t xcl.tron effect .obt ai.ned en,at |east two
dye nol ecafichsargdinkemhieons dﬁﬁt(ﬁﬁf‘(gi tireeHtha b &1 paEh E?ﬁ‘\?ﬂlgmdsaiﬂ Yorescence
em ssi;on Whkdr fseotgaatRadilpniniade Poregamgde|swah hdwenstlhekedtnl 2cules
comp! ox 'iBrr mgoatBepREcale P drom s LharePe FHEpRosifEh anf el Lot oo
a cheni cad-pobititil of ©y9Midind #eé the Repadydonpihecirpesitiontthe fepoditionone
i o1 on ! pastten and e PR ofRufIAt, “ThE P llikole ¢4 naveigagscence
base linkage site and are linked to a dye at the other end thereof. The
10 method to be employed for linking them to bases or dyes is not only a bond
formed by, for example, a metal-catalyzed reaction, a ring formation
condensation reaction, or a Michael addition reaction to a double bond or a
triple bond but also, for example, an amide bond, an ester bond, a disulfide
bond, or a bond formed by, for instance, an imine formation reaction. With
15 respect to the linkers, the lengths (1 and m) are arbitrary, and they may
contain a single bond, a double bond, a triple bond, an amide bond, an ester
bond, a disulfide bond, amine, imine, an ether bond, a thioether bond, or a
thioester bond. Furthermore, it is preferable that the linkers not prevent
the exciton effect from Being caused by dimerization. Preferably, the dye to
90 be used is one that exhibits an exciton effect by dimerization. The site at
which the dye is linked to a linker is any portion thereof. The formula (25)
shows deoxyribonucleotide, which is a partial structure of DNA, but instead
of that, the nucleic acid skeleton may be ribonucleotide (RNA) as well as
sugar-modified nucleic acid such as 2’0-methyl RNA or 2-fluoro DNA,
95 phosphoric acid modified nucleic acid such as phosphorothioate nucleic acid,
or functional nucleic acid such as PNA or LNA (BNA).
When the aforementioned compound or nucleic acid (for instance,
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aggregate in parallel to each other but exhibiting fluorescence em ssion,
35 with the aggregation state being resol ved when the nol ecul es undergo
intercalation into or groove binding to nucleic acid. In the case of item
(ii) or (iii), it is preferable that the dye nol ecules 54 each be the
nol ecul e described in itemW Furthernore, in the case of item (iii), it

is prefergbeied ﬂﬁéleid“@clﬁmhéryprb%ﬁ:'1h08nﬁﬁﬁ)5h§§‘é% 1@§H1%r%u§hra'é0at ure in
whi ch at Ieast t wo e nol ecu &ﬁ? are bonded.to a klgqr nol ecul e bonded to

a nucl ei ctaIEPREL STiHe ﬁeaﬁ@rs@@er X1 BPPTREHRE 1ORET Fil‘%‘? %) 8EdPe being 5
i nter posa@bﬁmrmbﬁbweaﬁya@omrrc@nl’b@m@ ol ahe pedsarit ingbHEBn. OThargylponded
directly thereto with. no ad Ilnker Ie(i(glle belgﬂ ‘[’nter osed
t her ebet e CpMPGUIHLPY RYC y(he Efl?'l@g‘lé]r% tion; sl Rt B17Y Be By ef er abl y
a cohmpguhswlsfelcﬁddlhranmaéﬁenFuruhv:emﬁom@rthevvhﬁdehhhﬁ)mmh@a@iﬂcamﬁtﬁﬂﬂsai’wd Z12
10 exhi bit uor escence t.aut onmer or. st salts
thereot . By i IFGBic Agpi AN Bedi 2ol G A aseo el datmP b T he
corrpound lpase addbitiencsadt thyolbe hhenprgadabakave ani mfganmha:se ZIheand Z12 are
atomc gr ef f fI u nce increases
when a do%?éamtﬁ%a&d ?g‘{} E%ﬁﬁ‘gﬂflﬁ Eﬁlg%g r%‘at%fegﬁ Ma 188 “@f’e hel i x
st ruct ur eswfuripecith phespbord atig;, hydrofaéxic nicide I}wdrbici\demera,md n the conpound
or nugl ei e are not
atom D oriyBobtodic ablloppaFS i ARpATy S A HiveltichBtls 2 518 200 ¢
group (dykypabramousanidi hepdipdensaednuotens mdnchhqmwwédbmmou@ne _
mol ecul €, 5dil HABulGckE Fiordse chldal?ﬂo&'{bgatﬁfl e% gl l'e, for nucleic
sQ_ can etecte

acid, and the double hel|x 20 structure a ’effectlvely
Exarrpl es parfkuegiciagid, pgrehipric a@léepﬁﬂgmmmgcaiw@@cbﬁ@mdﬁcmld 0 The present

i nventi orbfgaﬁidJQadtdlgo {onen 9£rti’cu1£ﬂyqiﬁ&@am‘»%&&ﬁﬂﬁé tRbreédfhélake- st r anded
nucl ei ¢ ac I's not hereto and it may have any form

i
such s I%E&“@Heﬁ%(ﬂ%tma anqs iné‘aa‘ar €8t i de, or

doubl e- st M@I@db@ﬂfézﬁs@lﬁmcdacla&éfﬂb%nh@b&ul Qﬂccﬁﬂi@&icﬁﬂ Celtaé abide behasient
i nvention i. | abel ed nonucle

ol i gonucl%%g’l %SBF%%%F‘ nUETOTERPIE base 18 nOI léﬂiar%é’lg?lf:e%m d anal og,
wher ei n tBeampbed ihegesiinelwdc aminsosiung heti-oxg de vakkiadinee t4 loiyrlresdide, t h

alkaline earth metal hydroxide, carbonate, and hydrogen carbonate. More

20  specific examples include sodium hydroxide, potassium hydroxide,
potassium carbonate, sodium carbonate, sodium bicarbonate, potassium
hydrogencarbonate, calcium hydroxide, and calcium carbonate. The
organic base also is not limited. Examples thereof include ethanolamine,
triethylamine, and tristhydroxymethyl)aminomethane. The method of

25  producing salts thereof also is not particularly limited. They can be
produced by a method in which, for example, the acids or bases as described
above are added suitably to the electron donor/receptor binding molecule by
a known method. Furthermore, when, for example, the substituent has an
isomer, any isomer can be used, For instance, in the case of a “naphthyl

30 group”, it may be a 1-naphthyl group or a 2-naphthyl group.

- Furthermore, in the present invention, the alkyl group is not
particularly limited. Examples thereof include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl
group, a sec-butyl group, and a tert-butyl group, as well as groups (for

35 example, an alkylamino group and an alkoxy group) containing alkyl groups
in their structures. Moreover, the perfluoroalkyl group is not particularly
limited. Examples thereof include perfluoroalkyl groups derived from a
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any one of items (i) to (iii),a nucleic acid of the present invention, a 30
conpound of the present invention, where Z11 and Z12 each are an atomc
group that exhibits fluorescence, a tautoner or stereoisonmer thereof, or a
salt thereof. A |abeling substance of the present invention is, for

exanpl e, | abel ed nononucl eotide, |abel ed oligonucleotide, |abeled nucleic
acid, or a |labeled 35 nucleic acid anal og, wherein the Iabelln subst ance
is a | abenethyl suoiep.careethygaPEE, 0 EYPTORY} S3AWP AN isaprgPY} grouy, %n. i) a

nucl ei ¢ 3ehrAferbl a%?ﬁﬁ)'ﬁtt 1 BNRIY, ia0dbe-Butyd W%&ftﬂa&érﬁb@tyﬂfges

i nventi on, where 1 and Zl each tom C bi ts

f 1 uor escasorell &St%ﬁ’ﬁﬁ?rﬁ‘?m@#n’é'{geﬁ’%ﬂa Hgi‘yﬁlﬁ@?%?l {)lﬂ g Pretsh Peof with a
li nker malagifie, HeerRebroaliaflshEasy] prripbase arparﬂmlrmyorgmwp)l edulthe form ng

the main chain that .are contained i.n non ol4.gon Ieot de,
nucl e?l: é’é’?%?lnto‘ﬂl"ﬁnﬂﬂﬁi the.agy I%"’Hﬂéf’é‘@ fag eEFHBEd u%g'?lgﬁg |

| abel i nlg thuﬂsatfaﬁfiage}‘a fohmyprgesepl an la\zgﬁyﬂlgmnup,sa propioayhgpium, amabel edI el ed
mononucl eot.i abe 0 nucl eot i de u a | abel e
nucl ei ¢ AEGRH Xh%ll TGP18 V\Bh |gﬁ Hre?t ésbela:l‘%gfé ‘gu's§I a"% f{}aci?ﬂaéﬁ uBél[il

subst ancédxaheykegronipt, i cyatqhecxaaopf gidug® lénzoyb geeup,)andaanucl ei ¢ aci d of

t he prese I nve n e Z1' and
Z12 gach gﬁgx%c&rg?%ﬁn %“’“8 I ouE)QDe[q'KQ%j {EH#% t‘gﬁ%slﬁﬁ{rge @ﬁ?ﬁﬁhﬂé‘ = mui&gner or

st er 40i satEactihey Gof exonple, aynntylote geotp andamalkanesioxyogroyme Bonded to a
car bon attﬁ@gﬂr@séﬂ%n?eﬁﬁ%ht hmo}lgfl g rlﬁnpiérl'n@hﬂie@lelrﬁt}@ &HPoAmAnBAEF PN at om

in the 8-po ur i ne eus of st ‘one basge | ecul e
cont ai ned aracsrbgmuml eF)Qll eFAMpP ,l‘a@o‘fﬂk@P@B g’ﬁ-‘él,P revilgrguphiwitd 24 nucl ei c

aci d anal@ghoh %tnﬂ%} (ﬁ‘fl ﬁfd%@ét%‘s'ﬁgfo‘iﬁiﬁl%éﬂﬂ anﬂ‘u&‘ﬁhﬁ“rﬁﬁ‘epiﬂ ¢ breddnkn the

pr esent |nvent|on hods of E)odum t he nucl qLe aci d,
and | abelizdentiphehal ‘P%B'bl ohe% AR AT PHEREY ‘%ageﬁo? g%’# %%@3?‘11? S it ed,
and liraowﬁthayéﬁfhﬁélluaermi&@ﬁé 68U Chiani e hhddsdiran Tmetheslﬁdzseﬁtll tably. In
the case .of a conﬁ{)und represent ed b\éoé he formul a

Y
may be prByeREaD eapliiﬂt‘é%‘g’ég gsaupof R E’é‘?‘f’?glsé ts%%‘&lc&*laﬂy IR S

Examples thereof include a trifluoroacetyl group, a formyl group, a
C1-6alkyl-carbony! group (for example, acetyl and ethylcarbonyl), a
C1-6alkyl sulfonyl group, a tert-butyloxycarbonyl group (hereinafter also

20 referred to as “Boc”), a benzyloxycarbonyl group, an allyloxycarbonyl group,
a fluorenylmethyloxy carbonyl group, an arylearbonyl group (for example,
phenylcarbonyl and naphthylcarbonyl), an arylsulfonyl group {for example,
phenylsulfonyl and naphthylsulfonyl), a C1-6 alkyloxycarbonyl group (for
example, methoxycarbonyl and ethoxycarbonyl), a C7-10 aralkylcarbonyl

25 group (for example, benzylcarbonyl), a methyl group, and an aralkyl group
(for example, benzyl, diphenylmethyl, and trityl group). These groups may
be substituted with, for example, one to three halogen atoms (for example,
fluorine, chlorine, or bromine) or nitro groups. Specific examples thereof
include a p-nitrobenzyloxycarbony! group, a p-chlorobenzyloxycarbonyl

30 group, a m-chlorobenzyloxycarbonyl group, and a
p-methoxybenzyloxycarbonyl group. In the present invention, the
protecting group of a hydroxy group (including one capable of being
deprotected with acid) is not particularly limited. Examples thereof
include a dimethoxytrityl group, 2 monomethoxytrityl group, and a pixyl

35 group.

Particularly preferred examples of the compound or nucleic acid (the

labeled nucleic acid of the present invention) include those represented by
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25 reacting tris(2-am noethyl)amne with a conpound represented by the
following fornmula (26) after the carboxyl group of the compound is
activated; a step of protecting an am no group: and a step of carrying out
a reaction for protecting the hydroxy group present in the conpound

obt ai ned above with a protecting group and a reaction for adding

phosphor i eaeicd] Mrnialal, fbReibedrianedid thassuior 6f ERemiplelr oyt 0801 1@, esent

(D6 "SRR, 1ERYAIBECI AR, 139, 158 1o o NI SN 3Rl bl ormiL
]9f | ?de_m r@Dm;a(mt)m @B?ﬁsgmN& mDNh eeonN%]olrj@BN (anﬁzllﬁﬁ})dm?@l@iﬂﬁ t he

ol | owi n t
producti 3&91&?9@(:6%??%3 %ggméﬁﬁ?&sog%%r% Feﬁlﬁégﬁ%ggaﬁgﬁé t}tel(%; tteI :d nucl ei c
acit d) sacdéspbcivglly, @ohippumdasai®, 1il8yeh,id6~1T8A120,5121 128 ABE, 124,n whi ch an
F‘Sb;Y?nSFQQZ‘%?@bM%@%%N% DI OFENe FOUNT, SENSIOBR. OBNIP L
been usedDINNIéanyti4sShramh D tlﬁiélarﬂ@armhk&rlyghﬁélmdoh@elanmle be used
o om0 aBle bl drihi R w&dﬂﬁag%ure%%agg& WBlCDRA S the

pr esent 1'nven e use articu ntroduction of a
li nker  aovalahtdy bEndmi)mﬁn afunifue rsenmure;f Fmtﬂmum@mgmmpqmdﬁal&oup

i ncl S n Mﬂ hqﬁpﬂgr t | from
GLENUI%S ?&3&%@4@1 %zlgltlgri qg%rg% S 2431619 %3 Z12 ea?t?lggnel]o%v %o?%?ed for

exanpl e, OPNm QDY Eﬁllaté:‘le Py agadIBN GntiBihrhajeonirianiwe thiazalepanget i ng
group i s gti-ERMEEIN 0AB dndleEaRan he ubyd FE BBy FRERIGely aﬂs% fiudsédcenked with
an atom c u avi rescence. The thod of renoving the
protecti @Iwr@%&ﬁéngie ﬁéﬁnasdblﬁ it PUPPFSSSEY tﬂE OZeRGRGGH Mét hod can be
EZ \6/3:1 i sui tﬁgrg%eés?:tﬁhae@gltés@%ﬁ hgy ﬂﬁgrésu:bnfa@ u\lmehhltgrtth&t @@‘i.Fﬁcrgagmpbf dye)
conp %Fmﬂﬁglae‘fq}ﬂ%lﬁ |h& Wlt fSP umi% A ﬁ& ?Ezhe;irmaﬁd 212 are
each a hydr ogerNaxthedyhéléng substance of the present invention is described.
The labeling substances mentioned below each can be used as the labeled
primer (labeled nucleic acid) of the present invention.
That is, the labeling substance is:
20 (i) a labeling substance that emits fluorescence, with two planar chemical
structures contained in one molecule, which exist not in the same plane but
with a certain angle formed therebetween, being located so as to be
arranged in the same plane when the molecule undergoes intercalation into
or groove binding to nucleic acid, |
25 {ii) a labeling substance formed of at least two dye molecule groups that do
not exhibit fluorescence emission due to the exciton effect obtained when at
least two dye molecules aggregate in parallel to each other but exhibit
fluorescence emission with the aggregation state being resolved when the
molecules undergo intercalation into or groove binding to nucleic acid, or
30 (i) a complex labeling substance having, as a characteristic chemical
structure, a chemical structure of at least two dye molecules contained in
one molecule, with the at least two dye molecules not exhibiting
fluorescence emission due to the exciton effect obtained when they
aggregate in parallel to each other but exhibiting fluorescence emission,
35 with the aggregation state being resolved when the molecules undergo
intercalation into or groove binding to nucleic acid.
In the case of item (ii) or (iii), it is preferable that the dye molecules

b4



reacted suitably with a fluorescence nol ecule (dye). For in it
preferable that at [east one of Z" and Z12 be ginyaz:tive am zgag(r:ghpl ts: rs1c<235
it tends to react with a fluorescence nol ecule (dye). Mre preferably
both of Z" and Z12 are active am no groups. The fluorescence nol ecul e’
(dye) also is not particularly limted and may be, for exanple, a conpound

represented by any one of th or mul (7

each a hgafiobe eﬂwl%‘gﬁ]dﬁﬁc’ég?‘imﬂteﬁ 1 Elu e(r%ﬁ{m(:j\l\ﬂgareboxyp(?i]nlsrrlg'éL ﬁy?reﬁe
gg IoumJCI gﬁ) Flg id bﬁéférf-le[lﬂl e that the cm@eemrabehmgemﬁ:sm@ po! getoicsvre bk,

POy et ot Jast e o Ldcfes fre BIRNHCL BRI Blolel bR SR 1 eV NG

a protecW utrng wth an atom
havi ng fhuﬁfc@ei@@aﬂﬁto hayaﬁnée¢amthem additteted linkes matecniab¢iag ((:ngglogf)c(gé/%

\S/ ?/ gt h els In’clztS @RF?%%%%%;S%%Q Q\% ﬁrbrtaﬁéléed Eﬁruc%ﬁmék @re hoaded he

ron fro d in th
Erocetss direcily t]peﬁtemmhmamdltmalém&@r@@ﬁ@w etayg)m flﬁofggt:gﬁzlas
elnro uce fer polynerization (nucleic aC|dsntheS|s As d [
above, SEW%e%ot particularly limted and any / ). e

d
For ex arrpl e, i Thiedabeléngsubstansy sithe Pé?@nér’r&vﬁ‘é?lfmé Pﬁ?ﬁeﬁgb]}g&gf 2r6agIS§ ¢

thi azol e 538084 oF¥fe PHEINANIERLIAS wheebelib GRbm f;mi oy lam.d ZRi ch, for
e

exanpl e, eroc t
AL oot e 5L L OB, B bk U BRE0 ot her
;’ar | ous %ﬁ%l%@hbﬁ%ﬁﬂeﬁﬁ*eeé\nﬂmmw h%m:cafn@pleemmé eomphandmg the 15
ype of t eterocycles or the th.of 4.h BN bﬂﬁg
i nt r oducintigledc ag qlletiéfﬁ?elilﬁ’frﬁ’q‘l%@ghéfr&e @ urt er no O'PQ%
[I_m ;ggr;tﬂg?gﬁﬂélbﬁta’?}ié%ﬁﬁtoﬁ @ﬂfedtnth@ﬂuormeMIMreaseSsWhen@t daghly easy.
em
f1 uor esc &b § Fﬁ“&ﬁyﬁﬁ I%ﬁ’rfl?ﬁ‘i?ﬁé ﬁgﬁe \(/:\ﬁ} C&%@e%&%ﬁw%%ﬁ?g%éﬁ ron? he
In 31(:: leglggt g@e%&ea\i&ﬂmd A el péfentivebul doweveDitptles compoung Oéiﬁlqcilﬁlélﬁ&é obn with
i
Ef’ é’lrgg%;btflé’g’e% 1%%;'89?%| h%%lnﬂlltar}ﬁ 7ELRI R étbﬁii@rgrﬂ)lﬁll?eaﬂﬁét bet ween

the two K gcul'és i's prevented to an
i ncr ease gixhiliit the excxon effient enevelywhﬂmeonlﬁélwoﬁilclﬁwe?‘éy‘%)l‘ﬁ?’é;oI e orange

gyyg | i/l wel lhﬁ)}ggﬁfglgré%geﬁ@] hgg b%ﬁﬁinﬂoﬂﬁﬁ?% Eﬁ% @rgacﬁlcﬂ&ulé ot caxndbhed H S

H gh- sensasta ldhe)ingroilsthoee, der example.dor gugiie agﬁ, éﬁé«g@?e(aou{’?e helix

90  structure also can be detected effectively. Examples of the form of the
labeling substance accordlng to the present invention include the form of a
fluorescence primer of a single-stranded nucleic acid. However, it is not
limited thereto and it may have any form such as labeled mononucleotide,
labeled oligonucleotide, or double-stranded nucleic acid.

25 The labeling substance of the present invention is, for example,
labeled mononucleotide, labeled oligonucleotide, labeled nucleic acid, or a
labeled nucleic acid analog,

wherein the labeling substance is a labeling substance labeled with
any one of items (i) to (iii),a nucleic acid of the present invention, a
30 compound of the present invention, where 711 and Z12 each are an atomic
group that exhibits fluorescence, a tautomer or stereoisomer thereof, or a
salt thereof.
A labeling substance of the present invention is, for example, labeled
mononucleotide, labeled oligonucleotide, labeled nucleic acid, or a labeled
35 nucleic acid analog,
wherein the labeling substance is a labeling substance labeled with

any one of items () to (i), a nucleic acid of the present invention, a
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DNA with a confocal fluorescence gel scanner using ethidium honodi ner and
t hi azol e orange, Nucleic Acids Res., 1991, 19, 327-33; and L. G Lee, C
H. Chen and L. A Chiu, Thiazole orange: a new dye for reticul ocyte

anal ysis, Cytonetry, 1986, 7, 508-17. 30 In the present invention, as
descri bed above, the basic skeleton of the conpound, nucleic acid, or

| abel ed pranmpourd abtheepresent enverntion)wherendt! angh¥ts eadhaareyan abdmed. |t may

be, for e |8, . f ' c i.de, i £ ' tide,
o1 | gonuct Boup it ARHIRRE flor b A E LRt or IBRAiHGHlePthARBE TP

pol ynucl ewtlt therepbimithuelldsrdeolesolt bordedty ableast onedsisganolpmalespadi f i ed
DNA, RNA, ) E#}lﬁg I ; ;i | anot her
structure@%ﬁésen%al [ éh%@aﬂgﬁkﬁh@r}l ae%%’gfc? ?gaéﬁg%&ﬁilgom_ e?%ﬂg ee’ as the
basi ¢ 5sk etligasmclesitittes niuclerpsisl, oy @ medlpls agd anadee. o1 labsdingakes, for

i nst ance, ution with a dye (introduction of a dye nolecul e) easy.
i silfdshéd ution with a dye (introduction of a dye nolecul e)

The nmet hod of I ntroducing a dye nolecule into LNA or , PNA i s_naqt
particularly | | Anlalaling substRAGRAT Ht RERSCBAADBRT IR dé. doF ?&%my.leﬁabeled

Speci fi cahbhonti@leoBi¥anhRled REMLGEdtidE, AaDER IS icle 2K, cdBllabdBeBS. S
Svanvi k, N. Wang, D., Kubista, M (2000) Anal Bi ochem 281,

: .\/‘éstgan, G,
26-35. Hpsleicacibanglog.pahy B, R, Sorensen, M D., Harrit, N, \Wengel,
J.  (1@005) J. Aghefdifthe3abelid@ $ubdtan2d-id 329Beling shbstaicenabeetovith et hod

of synthesizin cl ei cj.ds havi as .a Jhasic skeleton,. oligonucleotide,
o 11 ed S BEAGERERtS GLES B dontibinARdr e atpRet TUSBHoRoRuGl cosi do <
pol ynucl eampeundrofiiid preseak yved ttat,i wkerephyumd L ¥osichenre amwdidrmad

pol ynucl egsi de A0diaf i ed DNA r..modi.fie i I nown. For
exanpl e, ﬁoué’a%a‘gg’é%%@é’loﬁees&eﬁf/é’aa%tgg[ﬁre% Sﬁﬁ%%og%%n#}g‘?r\tégt Or%ghod. The
phosphor asaltithereofagting linkerenvlecake honded tea eailon atenénfthedl-positian be
synt hesi 260, BORELNRY pRciNRM SELIGH athieh HRESHIRIEME ofilhudi, O the
present invehtion is , particularly short ol'i'godéoxyri bonucl eotide, it
can be symutless pfdt teast lopehiask méoleculeeomthimnedan mononueleatidBiA  synt hesi zer.

el o1 ¢ eoEpriigihentt biycRAZ AR Br donaPle R HDaICRT THATE Ve, ® the posi ¢1 on
where DNA and a dye nol ecul e are bonded to each other is not 20
parti cul apN¥tHddbfifddubitle cdpoixPaREGabRE prifes] tion of thymidine is
20 In the present invention, the methods of producing the compound,
nucleic acid, and labeled primer (Iabeled nucleic acid) are not particularly
limited, and known synthesis methods (production methods) can be used
suitably, In the case of a compound represented by the formula (21), as an
example, it may be produced by a production method including: a step of
25 reacting tris(2-aminoethyl)amine with a compound represented by the
following formula (26) after the carboxyl group of the compound is activated;
a step of protecting an amino group: and a step of carrying out a reaction for
protecting the hydroxy group present in the compound obtained above with
a protecting group and a reaction for adding phosphoric acid or a
30 phosphoramidite group to the hydroxy group present in the compound
obtained above.
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particularly preferable. Triphosphoric acid of a nucleotide derivative with
various substituents being extended fromthe 5-position of thymdine is
known to have relatively high efficiency of introduction carried out with
DNA pol ynmerase. Accordingly, nucleic acid of the present invention can be
25 synt hesi zed easily, for exanple, not only when it is short

ol i godeoxyri bonucl eoti de but also when it is a |ong-chain DNA

Particularly, a bluorescence priner (labeled nucleic acid) of the present

i nvention, whichllis a single-stranded DNA, with, for exanple, thiazole
orange used ther8in hagve the follow ng advantages for exanple: (1) 30 it
can be prepamed ne y By providing a dye for DNA synthesized with an
automat ed DNA synthesjzgr, in a buffer solution, and is synthetically easy,
and (2) it at€o | |bIe to produce a | ong- chaln fl uorescence primer by
reacting a dye witk' | ong-chain DNA prepared enzymatically. Furthernore, it
can be excited with\light having a relatively long wavel ength around, for
35 exanple, 500 n A pN nmer set of the present invention nmay |nclude for
exanple, at |ed® two types of |abeled priners of the present invention
having 59 fluorescent atom c groups that are different in detection

wavel ength from &3 %P other. Wth respect to at least two types of target
nucleic acid sequéences, when | abeled priners of the prgﬁg¥0 i nvention

havi ng di f f er edn thel formada £26), Ardsmoteyya QYSEOEP D ATIBT B Xt € Wed
together g5 Blddmtss a%sﬁuﬁr&'aﬂdﬁemﬁg duifiithe r@&@@ﬁ@ Vl‘?jl’mmé ke aapili i cation
reaction‘can be carried L the sane react| i on g@gh

anpl i i cation &‘orten@m@@p@& fallowingguo “ﬁﬂepé?% 3 edh be

det ect ed gl tﬂiﬁﬁ%&' f&%h‘é%%&ﬁﬂﬁbﬁ%f&cm buned, trmcléﬁeadi@&ndabeled primerescent
atom c group

rimer,.se resent. .inve for
det ecti nd ‘1@) nHﬁﬂ%‘f agﬁ?gpﬂg(g‘d,llpgg ?léﬁ’ BE‘?Seﬁ\}épg?%tl%l dq‘ilggﬁér?c%l%%ﬁgd
pref er ablig whith 4 actipé aﬁiiho%&bup rohtaineddn DNA #ad pni ansivadéd chlsquyés ent

contai ni HoRRER A EheRGH nebr ate o ped NPT % bard £AL0R,
ﬂ] |e nﬁgt 2??%5;]1@983&1 ﬁwilarmetdy mmbesya[);NAdabé]mgnrlteahydt oTﬂmmﬂé‘bE@naéont ai ni ng
compl ene rh%??ﬁdp d}léﬁoﬁ %?QBB? tﬂé“’c@ﬁﬁ)‘aﬁnﬁ 4Rl tHe AAPRIECAGHYS the

erre
present 1nven1:10n, and can be used partlcularly for introduction of a linker

or a dye. Examples of the method of introducing an amino group include a
method using an amino modifier phosphoramidite available from GLEN
15 RESEARCH.

The atomic groups Z!* and Z'2 each can be converted, for example,
from a protecting group to a hydrogen atom (i.e. a protecting group is
removed), and further the hydrogen atom can be substituted with an atomic
group (dye) having fluorescence. The method of removing the protecting

20  group is not particularly limited, and a known method can be used suitably.
The method of substituting with an atomic group (dye) having fluorescence
also is not particularly limited. For example, a compound or nucleic acid of
the present invention in which Z1! and Z!2 are each a hydrogen atom may be
reacted suitably with a fluorescence molecule {(dye). For instance, it is

25 preferable that at least one of Z!! and Z!2 be an active amino group, since it
tends to react with a fluorescence molecule (dye). More preferably, both of
711 and 712 are active amino groups. The fluorescence molecule (dye) also is
not particularly limited and may be, for example, a compound represented
by any one of the formulae (7) to (9) (where R and R!2 are each a hydrogen

30 atom or a lower alkyl group, or a carboxypolymethylene group).
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a full-match primer, and a priner conplenentary to the region except for
the nmutation site is referred to as a msnmatch priner. In the present

i nvention, the m smatch prinmer nay have, for exanple, a sequence
conplenmentary to the region except for not only the nutation site but also
20 several bases (the same applies below). As described above, when using a
m smat ch Mﬂtﬁ@fmbﬁ@&hhﬂhre catsb@fhuhlmﬂabidﬂ(pmymmmﬁd@r;ﬁﬂﬁmﬁ:ﬂdoézd@m for
exanpl e, br| d!ﬁ?it% a_ m.,snat c? Elegsiﬁon tn a tergj ate gnd t her eby
amplific %S’FF“E BBP BeRugEesiflet (hhg ek REFeBARIME 2 PIFCURRAIPEP aci d
anmplifi cadnd)thermﬁelpatf]subﬁtﬁhangwmrthlan atimicamplipf(dgeX hmm&lﬁmﬂscaﬁcet he
present i n\éent | Onne ncIt Is 01'; he ,f ol | ovmtn {nuc t1 nue e|1(1: acusg | cation
met hod ardd g%’c?ocr% gl?(}} fcﬁ’?}y%ﬁaﬂ bt S o t(IT)‘S °rs ucI eic
acid 5rrp|aaﬁrmdtoﬂraftm*tﬂimﬂ Ther exastpleufirbe dleamedzmmt oifpmtantmngmatiye)d of
the pres 1RY 0 ' acid
sequenceeqb% aﬂnfg&ltnel?égn 5ﬁ E%ead Hﬂﬁ]e %Y he Ilrog%:'{ ‘@Qt ?Se‘éfaeb‘g&%l %Fﬁ%ﬂﬁ% t he
fol | owi ngitgtmpgwwl) (el h(aB)mg ﬂ(u@)re@eswebeontmd@pad |a£@rm®ymanﬂzetlonam d

sanpl e, apdclR a%dsw Qélsjarrpl ifying the target nucleic acid sequence in
t he nuclelc acl e using a priner of the present invention or a

primer set 35 Af eac@hﬂde@lmte, the die iipnot PREtielark Bmatddiangpnyfdyest i on
MetNags Qlan PuBLES Chér éiﬁ&ﬁ?lé Qplsaﬁl%fefmy byai&n%ddgaéaﬁ&farﬁéuﬁﬂﬁbel ed

primer of the present jnvention or a 0 resent
i nvent i orPTefIRGYY Hjagele aramge; s b@é’danm B%ﬂ?éﬁ acérﬁmca @fucwreslpeps are

not |'im twHichl&ir é%i@eﬂﬁleetwb*}fét@ﬁés‘blbbmﬁgheﬂé&' ot AgiedinlePtd adat i on
can be set_suit, nya gQ%tothe of the nucleic acid

arrpnf.caﬂheﬁw fgaethin 1o§z"e’§RﬂSS g e sy g Hporeseenbdvest the 5
target nuﬁithnﬁaramwbmw@nﬁm@emkeﬁgthd byAﬁﬁcerx@m;ﬂe; a:lahtgan@tthbel c acid

anpl i ficat s of .the ent ent| e a l rimer of
the. g et IEn Belitrotrelss Br FheTodieh ithethuttine ket S it tpBal vt ng
t he sane sx&su.tadnt irtte thedwtemydeef Famﬁlerfmmt tlmnrﬂ:ﬁrodmcttm*rgef a tim&eei ¢ aci d

71 dor os cefE A BRRTING o TE FFBel Bart iR plel FafEb idaly Siniss

fluorescence in water but emits strong fluorescence through an interaction

with DNA or RNA. Conceivably, the interaction between dye molecules is

20 prevented by an interaction with nucleic acid and the rotation around the
methine linker located between the two heterocycles of dye molecules is
prevented, which leads to an increase in fluorescence intensity. The
method of using a thiazole orange dye is well known. It can be used with
reference to, for example, H. S. Rye, M. A. Quesada, K. Peck, R. A. Mathies

25 and A. N. Glazer, High-sensitivity two-color detection of double-stranded
DNA with a confocal fluorescence gel scanner using ethidium homodimer
and thiazole orange, Nucleic Acids Res., 1991, 19, 327-33; and L. G. Lee, C.
H. Chen and L. A. Chiu, Thiazole orange: a new dye for reticulocyte analysis,
Cytometry, 1986, 7, 508-17.

30 In the present invention, as described above, the basic skeleton of
the compound, nucleic acid, or labeled primer (labeled nucleic acid) is not
particularly limited. It may be, for example, any one of oligonucleotide,
modified oligonucleotide, oligonucle'oside, modified oligonucleoside,
polynucleotide, modified polynucleotide, polynucleoside, modified

35 polynucleoside, DNA, modified DNA, RNA, modified RNA, LNA, and PNA
(peptide nucleic acid), or another structure. DNA, modified DNA, RNA, or
modified RNA is preferable as the basic skeleton, since it makes synthesis
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reaction solution. This is because of the foll ow ng reasons, for exanple.
When the prinmer hybridizes to, for exanple, DNA or RNA containing a target
nucl ei ¢ aci d sequence, a doubl e-stranded nucleic acid is fornmed and

thereby the atom c group (dye) of the labeled primer is subjected to 15
intercalation into or group binding to the doubl e-stranded nucleic acid. In

this case, since, for exanple, the exciton.effect of the atom.c group (dye)
as descepseandiise makes, Hetingbange, SFﬁ%mQ%tﬁ)‘?ﬁ (‘5"1&‘6 ee(?r?‘irgdPFHB?gggence. on

the ot hey hapgectid)es}.NeTRE shdthpdrigelodaciy s dybanoletulicieso dd¥Alybr i di ze,
t he atomg roup does not. enit. fluorescence. Therefor A fo(i ﬁﬁm e, when .
20 the ph ﬁs%é§aﬁﬂ?‘ﬁ%§b’r 1ppited 23d 2 Koy petnod Gan be pse Frg “T1°Cat i on
occurs, gifflalyl for@xeuiple/hhlyticdl Bioclkanistey 2000281,f26:88. or t he nunber
t her eof oes.naqt, ipcrease.  Aggor diRgl when (t : i nsity is
det ecPed S"&H‘Hﬂf’rg@f gstman, (3. a’&%ﬁbﬁ?‘&‘é@%% K%qddt)%g'{atqaﬁl%g% nu? Z’I c acid
sequence 26355, Bediiclan®. Uf,iRabu,vBi Re Surensarh Mf DuoHestitn¥e Wemgelsty i s

det ect ed has, 25 ot _idcr e h . ] the target nucleic
acid seq&g‘ﬂ@@ ﬁ@n enbe%??' 22?)1 ???ée%.l%%ﬁgggrgt%og o?lfeggcﬁ)'e_cti ng the

anpl i fied target nrethbdof spilbssEngenieic agid having, asta base Sk@l%é%t ual l'y
with FIG 1. FLG LA ({pesl Lagr: i ndi ik hasean- hybri d")
shows a r?}]igﬁ’”g}w Elr]q‘(% h}ené)(diti)gg% Hggé??gélﬁ? g%ag’:‘ ?% txﬁ%%&é%%“%?%ﬂ\?( B), (the right
di agnam ioligonarlkeside; polynpisieatide, sneditied nolymasleotidas PIFRHE egsifSubl e st rand
to be subjggirRd JdivhAlibabapiol A0 DNAT RIS @GaBATied RNA & will

nuner al primer . uorescence ptinmer 0 h resent. . nvention,
numer al  krove.c aFesexamale it eaybsHy n(cg‘?’%?e‘i :l?éfta g‘éﬁﬂtl%‘ii Pgogﬂlﬁﬁ}'ﬁé’%’@é ce,
”U.”Efa') Jizheﬁﬁia@t ePhéph di-ﬁﬁﬂtdﬁb)i'egééﬁﬂﬁb bérviehss Bpawrmeesridl thereescence
pri mer ,

Phe or | milsa camberwatboriprGRERILPY AEPSHE Bothod, Phendbbefade iR & |
an eligCt rgihb RBsdid RvedtionriaMNg, paotioulatheshdit dlizodesyiboedlectidet es
o T 0L sl g dter
and the tgmthedesr. erFeshuehongnonds ishaissililadosgntlvesizey for examplsence
R
the position where DNA and a dye molecule are bonded to each other is not
90 = particularly limited, but, for example, the 5-position of thymidine is
particularly preferable. Triphosphoric acid of a nucleotide derivative with
various substituents being extended from the 5-position of thymidine is
known to have relatively high efficiency of introduction carried out with
DNA polymerase. Accordingly, nucleic acid of the present invention can be
25 synthesized easily, for example, not only when it is short
oligodeoxyribonucleotide but also when it is a long-chain DNA.
Particularly, a fluorescence primer (labeled nucleic acid) of the
present invention, which is a single-stranded DNA, with, for example,
thiazole orange used therein have the following advantages, for example: n
30 it can be prepared merely by providing a dye for DNA synthesized with an
automated DNA synthesizer, in a buffer solution, and is synthetically easy,
and (2) it also is possible to produce a long-chain fluorescence primer by
reacting a dye with 1ong-chéin DNA prepared enzymatically. Furthermore,
it can be excited with light having a relatively long wavelength around, for
35 example, 500 nm.
A primer set of the present invention may include, for example, at

least two types of labeled primers of the present invention having
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together to interact wth each other according to the exciton coupling
theory and the excitation state of the dye aggregate is divided into two
energy levels, so that the em ssion is suppressed. Since the em ssion from
a low energy level is prohibited theoretically, the singlet excitation
state of the 10 aggregate remains in a |low em ssion state. On the other

?I%Im(ji (i ?Eﬂ@ﬁé@éﬁt ﬁrtaatohﬁlg @rbﬁgs t)lﬁ:iﬁ@fet di‘isfﬁli'}aﬂt ziedetertionr wheeldngii %:o&%j rand
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el ef o durereaeeh SOMIc EsorRs P cafle otpai o ‘OHup: ACRRRRTaR, | 0007
not | ism tadplfyibk@hein, anspdditvelycherdamplificatioue readtion can he cexced ontef f ect,
between 1ot ené TSR e 88 and ARMIRGEEbn o ARG Uil & S00F,
a sequenamycleenqoid segsai@stdand2detiectast atdetectionn seslongtdwrndserdibedpned. |I'n
t he nucl ej | [ ' t nucl ei ¢ acid detection nethod,
mut at i On%&%%%t,%;?\&%k&%%?&%ﬁﬁw@ %?)ﬁptshe_present _invention, hybridization
can be det ect edVibgn therprisginset of the prefieat inventienipreedforidejeeinga | i ght

from fo;e ‘Eﬁ‘??ﬁ%? isfte ihmefﬁ%%t n¥OELIEUETA sefuad ) iY i bré@pabie tfhg ¢hé M nat ed

cl ear J more, in the present 25 invention, hybridization can be
obser ved prmersghinglnde: & laheled paimey of thecpypsent apyentionhaymgi ate, a gel, a

capi | | ar ygeq@fende Bhapldtely RRpldRERQMS to d Foditi® coRfRARTY tHaehtion, for
exanpl e, h%/ ridization cap.be abserved fro i medi at e after mxing with
the tar ettt Pas Earget auciigapil RHONEDeREAd AGBHEFT havige BECARERt: e I n
paral l el onkpletdly c3thplefleditarytd thergdioh ic6atdifihg iciiurAtion sitecdxceB}
conti num#sl ﬁ or Intermitten lé\ﬁ%ﬂr E{Iay be . det egt ed after. cog]rgl e *’g}on of step
(B). MhenfoF Kbe mrugtitediite Aicmuistely PRPREBIA RIFET AP P #Ract i on
conpl et i opfuld-nséieh fBher] 4nd & primetr eoaldlemehedry to fleseghen detepttfer] bef ore
the reactjon start in ste B) ;as_a_ back und. The fluyorescence intensity
can be de‘il@c?:‘é'ﬁia{}w Sﬁ&rlsé'ggf%ﬁ%%?o 384 IP?S&H% g™ e r&ttﬁ%ﬁrésfﬁ tion with
vi si bl e lingehtioanthe miamadch primssinalychdve, fobeeampld, ta seguancent ai ner such
as a fluore ne | | LG I L lary,: astic
oo ORISR o R MAEERTALS, 8 y? PPl
20 several bases (the same applies below). As described above, when using a
mismatch primer together, the full-match primer is prevented from, for
example, hybridizing with a mismatch region in a template, and thereby
amplification can be carried out with a higher specificity.
[Nucleic acid amplification method]
25 The nucleic acid amplification methods of the present invention
include the following first nucleic acid amplification method and second
nucleic acid amplification method.
(1) First nucleic acid amplification method
The first nucleic acid amplification method of the present invention
30 is a method of amplifying a target nucleic acid sequence in a nucleic acid
sample and is characterized by including the following steps (A) and (B):
(A) a step of preparing the nucleic acid sample, and
(B) a step of amplifying the target nucleic acid sequence in the
nucleic acid sample using a primer of the present invention or a primer set
35  of the present invention.
The nucleic acid amplification methods of the present invention are

not limited as long as a labeled primer of the present invention or a primer
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detected visually or it also can be detected using, for exanple, a
connerflal ELIUO{escence nmeasuri ng device such as a real-tinme PCR

appar at us. anpl es of the nucleic acid sanple include a sanple containin
DNA or RNA. The DNA nay be anyone of, for gganple, genomi ¢ gﬂA, 5 cDNA, :
and synthetic DNA. The RNA nmay be any one of, for exanple whol e RNA, nRNA,
rRNA, si RNA, hnRNA, synthetic RNA, spliced RNA spliced QNA These
nucl ei ¢ aet déthﬂaptrdsenbne&pmtéﬂl 1%“@151&)“@9?%? ng ua@fi' aﬁ PALtions ch as
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nucl ei ¢ aghdh; ﬁif’e{%rﬁrﬂe%hﬂﬂ"to Bardnifidlyad loy thieseyadnenihformasionksf ther epar ed by
a conventiona known_ et hod. ecifi feé npl es of the nethod include
%’é‘ﬁi‘ ¥

t hose5em§ﬂtgﬂtr¥y~1 cleigiagidh peAYERIFeLtP ng a surfactant, 15 an
ul trasoni c treaid@Briinggbakeithchgictaaid amplificagionf mretho(dmpif ’da,e wreasnt beads,

or a French press

pref er abllév?%fé?n’l %BF%??@IV%&QI%P@%@?gﬁ%g’ggﬁersntﬁ g‘aﬁaﬁ'ﬁ 0%)%1 121:|1ecﬂ %c: g can be

gg Ir| f : Edttmé, présenteinasntion ipblenbihg ekt saotd Brysedh mberac@grrapmo i on exchange,
electro resis, .or._a _den

St ep (b AmRBHREER0R b8 vafedtiiRib AiAYERNGEONT be HARdd Tol Aﬁ Lo 20 he

pr eseot |l::cyviﬁﬁrelgrdatact1mgrph@ﬁuoteﬁcem@mpﬂeélsﬂaftofl eeagt:le@wuiy%e Fa‘ll%el ed

primers q e |

differ inf® a‘é?%ré%f)g&?wave el(r%q% Ir'%’%? ?Q%evgf;%hef E@%ﬁgq‘ehﬁis?gﬁ?ﬁ]ﬁgm&znt 2? : | east

g
t wo types\?VhfentthJegmmnubandlmﬁ o, §@q%mﬁle DAY BgAa tegait js 25
pref erable % udbid i ‘aﬁ@?@ RefoflelstRalRd ﬁﬁél@ﬁ:réclﬂﬁs fhiendt aa@nt
aving differe

T e rtech el T o QLR Lo g2 ot her be
{‘gfggﬂt Cnﬁgrgccﬁﬁg%i?g&%?ruengg bxh&{nge&ﬁmi doubllngtwn@éd heakic auid. t fpes of
ol 11 cibiRass oo Re PevpEl: 0 crargbetrerore Sepyeaibe %y o M
gfgfﬂczegr&égcﬁ%ﬂ%&g dr?‘glglvﬁlt aaﬁiﬂsh@am]gb gepupoemis flempectioee nior escent
Sl s s e TR A TERRH ) it
inatar glﬁie atomlc eroup does not emit fluorescence. Therefore, for example, when
20  the primer does not hybridize to a template or when no amplification occurs,
the atomic group emitting fluorescence is not found or the number thereof
does not increase. Accordingly, when the fluorescence intensity is detected
and has increased, it can be judged that the target nucleic acid sequence has
been amplified, while when the fluorescence intensity is detected and has
95  not increased, it can be judged that the target nucleic acid sequence has not
been amplified.
The method of detecting the amplified target nucleic acid sequence
can be illustrated conceptually with FIG. 1. FIG. 1(A) (the left diagram
indicated with “Non-hybrid”) shows a primer quenched by the exciton effect,
30 and FIG. 1(B) (the right diagram indicated with “Hybrid”) shows a primer
that forms a double strand to be subjected to intercalation and emits
fluorescence. In FIG. 1, numeral 1 denotes a primer (fluorescence primer)
of the present invention, numeral 2 indicates an atomic group (dye) that
exhibits fluorescence, numeral 1’ denotes a complementary strand to the
35 primer (fluorescence primer) 1, numeral 3 indicates a double-stranded
nucleic acid formed of the primer 1 and the complementary strand 1’. In
the upper part of FIG. 1, an electron transition diagram is shown. The
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nucl eic acid sequence, it is preferable that, for exanple, a | abeled priner
(a 35 labeled full-match priner) of the present invention and a m snatch
prinmer be used in step (B). The | abel ed priner has a sequence conpletely
conplementary to the region containing the nutation site in the target 63
nucl eic acid sequence. The msmatch primer is a priner having a sequence
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as an SDQ fs d 911%) ed SE)A e a $1Ac,% ehodoa IGAI\/P net hod, an
" ean ot risELs" 56 ¢ PR kifan Ssa'ala%fr?és $epPIOE S PRIFIBTOR 3V et hod, a
Q bet a 15enamgyilewslasprohidtedatiteoxeShildy, rthersmglet—bxemtabnetatetdfd:hnucl ei c
aci d ' d I es | a
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of the prebentthemprémer biybridires to foun eudouhba strang|(F1Ge &f Anﬁ nthaedmsdfz of the

resent i Ilgi.ildé resent
I:2)0 i nvent P%(E&éoqﬁt Lél;%é(ﬁpﬁlﬂoso{ gg?é gﬁn(yf%elgﬂ%ﬁﬂ‘le i Sot her l?(!}. r%l i cation
net hod of 3 end theseksnthe mtﬂn eerplingis dissolygdoso thatr § vwse%nceawnucl eic acid

anpl i fi calinpifed 2aFIGON i AQcheRHRId %e?ﬁthdi%ﬁf:éﬁ’ﬁﬁlﬂbﬂifd%vs ahexatiiflelgrons for
the nucleic acid arrplflcatlonreactlo I.n ste % re not particularly

limted ahde nb@nd@ﬁ@mﬁt%aéam%m %1)9: a A ding o F Prefete art.
Pr ef er abl jnvehidn! eaHd sbﬁﬂ&W@itinﬁsi BotSlehifld by FOG. @il a tenperature
refer abl s”c?iptéiog”?\tﬁer‘?é&ﬁ T becitoncettect ot ypecstice Smission can be
controlled by regulating the distance between two dyes. When this system
is attached to DNA for discriminating a sequence, sequence-selective
20 fluorescence emission can be obtained. In the nucleic acid amplification
method, nucleic acid detection method, mutation detection method, or kits of
the present invention, hybridization can be detected by, for example,
irradiating a sample with visible light from the lower side thereof, and even
visually it can be discriminated clearly. Furthermore, in the present
25 invention, hybridization can be observed in a container such as a fluorescent
cell, a microplate, a gel, a capillary, or a plastic tube. Moreover, in the
present invention, for example, hybridization can be observed from
immediately after mixing with the target nucleic acid.
The fluorescence intensity may be detected in parallel with the
30 nucleic acid amplification reaction in step (B) continuously or intermittently
or may be detected after completion of step (B). When the fluorescence _
intensity is to be detected after the reaction completion in step (B), it is
preferable that it also be detected before the reaction start in step (B) as a
background. The fluorescence intensity can be detected by, for example,
35 irradiating a reaction solution with visible light, and it also is possible to
observe it in a container such as a fluorescence cell, a microplate, a gel, a
capillary, or a plastic tube. Furthermore, the fluorescence intensity niay be
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the nelting tenperature (Tm) of the primer. Specific exanples of the 30
reaction tenperature include around 20C to around 75C, preferably around
35C to around 65C. The isothermal anplification method of the present
invention is described using, as exanples, a nethod in which an asymetric
priner set is used and a method in which a symetrical priner set is used,

as 35 descrl bed abov ver re t t |

Fherot o debnmtad TniAls o B isn Gan dbAders dningr PR PO Ret bt syap

ggteg_og_ C%{hor@ﬁce&iﬁi@'méé{sltﬁqﬁgggﬁce;m&h@% acaletinroPERCappiraluexcel | ent
ificity, ex . ccor.din bl

to judge, for jé?%ﬁgp Offﬁb‘e gi%z}mggesgﬁ:%g%p S&% ﬁ%n;l]%ggozzlne ©

part LCU| @N&&fdﬂgﬂl\m .eSEhe DA majabermgz ae of)dobesempix, gemomloiDNAe presence

or absenc a e

There or§ AT gn &P@%‘Je m‘%at a‘th%eﬁﬁuj{s’[gl% B %@’ gxe%?%r%gghlfp %ﬁgt :o(r)(ra]sent

i nvent i onwhbledRNAL meRSMARRISAhSIRNA, hBRNzéur w@e@atRM Apligest RNl e,

hi gher sens i gher precision. As described above, the priner set
of the as %T%P#Met ypgmlbs a prinmer set having a pair of priners of an
asymetric typé[‘heﬁem@@cm:edsﬁan be prppayad firen%bmg giraltedernvedn nor phol ogy

fromthe obiiflos. SIH & Blol, tisknés HIBHSPR MG dbfved BanPHEP et hod,

Her ei naf t'er, prinmer rred rlner set". A
specilfi c @pan@ﬁed f@flmblﬁ@@wpbmm S@élt 0¥ E@% a%plﬁﬁo theers of an

asymmetri Vi rivate basipePirclidd aﬁfmmaﬁmglmgecm xﬂéth‘I of 15
wherein t e Irs t priper contains,, in its 3 .end,port

Ac
that hybrRtgPaERE » nycleag deifsam Ilsd%f)&tpé’d't‘icﬂk’ll]lr%h:?“t‘é‘ill\ nﬂ‘d?? ugp Cf he( )
target nLiﬁleﬁ'aQe@Bydi éﬁ%ﬂ'ﬂﬁ)ﬁall@%@ﬁﬁ mmmal Specific éﬁmﬂessxfdihe of the

sequence (Al ence t hat ;.h es to rYtSequence
(Bc) to a‘%é&f%ﬁe (ﬁ‘?aﬁrﬁgg?y %?edrﬁgcgﬁk r%atlg?lgteu%?ll%h n@%%gtc t oqt he
20 felquermedtﬁhmﬂdtf&g&m:g;ehhnhﬁgagth usmg;énn example,tdlessbeadsy pri ner
cont ai ns ‘en rtion zes to a
sequence U} I ‘8’8%]% BEESSn ﬁ\ﬁ%reg.vegr@l gflagg&éu%n&deagﬁaée}ﬁgn%)g% sequence to
t he tar gejrefierclbdé chatcisdlated mambec aardjbapswlﬁed The nuclelc acid can b

purified by, for example, phenol extraction, chromatography, ion exchange,

gel electrophoresis, or a density gradient centrifugation method.

20 In step (B) described above, the nucleic acid amplification method of

the present invention can employ, for example, at least two types of labeled
primers of the present invention having fluorescent atomic groups that
differ in detection wavelength from each other. Specifically, when at least
two types of target nucleic acid sequences are to be amplified, it is

95 preferable that at least two types of labeled primers of the present invention
having different fluorescent atomic groups from each other be used in
combination as primers for amplifying the respective target nucleic acid
sequences. This, for example, allows at least two types of target nucleic
acid sequences to be amplified in one reaction solution and amplification of

30  the respective target nucleic acid sequences to be detected at detection
wavelengths according to the respective fluorescent atomic groups.

In the nucleic acid amplification reaction of the present invention,
when amplification is performed for detecting a mutation site in a target
nucleic acid sequence, it is preferable that, for example, a labeled primer (a

35 labeled full-match primer) of the present invention and a mismatch primer
be used in step (B). The labeled primer has a sequence completely
complementary to the region containing the mutation site in the target
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contains, on the 5 side of the sequence (Cc'), a fol ded sequence (D Dc')
that 25 contains, on the sane strand, two nucleic acid sequences that
hybridi ze to each other. FIG 45 schematically shows the action nmechani sm
of nucleic acid synthesis to be conducted using the first prinmer. First, a
target nucleic acid sequence contained in a nucleic acid to serve as a
tegpl at e.hﬁcldﬁi:ﬁjgﬂ’is@qden(&ﬂ m@ef\n;ibmaselgpeimer {s4 pihaér lhﬁvingrmbe@uénmt he 3'
end portion t.he target nucleic aci.d sequence well ~as t.he sequence
(B) Ehat Bl rong e Rentary v& e Borion PRLHRGE B ARblaulh ARE SRR 0 o
det er m nefbr thhentitatsdn pite rein thmnhannsr,twbes agnismatchintimeand afllomteuier
contains the segue ' n ' i . : ")
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conpl émenbyebydzdogtntke plsnatch rogionsaciteroplats) which nidkeschpessibletd i r st

primer ] 3 et ] e
reacti o@%@%?ﬁﬂ? %@%@%ﬁ?r@gi%éelf%#gﬁgé me g‘ggﬁlé‘ﬁgép?’?&%ﬁlﬂﬁﬂem I ng
of such aberiorexamplean nalglicded prime¢ora debeled prsmer of the pregeate where the
sequence ﬁlﬁ%'xﬁbioﬁf the prinmer has hybridized to the sequence (A) of the
target nucleic acid sequence (FIG 45(a)). Wien_ a priner_ extension

reaction occur sAs desembkedsabeve, the nndleir acyt pmrddinasion wgthekotthe

conpl RTENS Als¥ns AHERSEh 1Ot el RIA0S (ISR 6f B BudBRURIE ArkSlifyAtidesi zed.
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B' hat resent qn,the 5 en ' f the _nucl ei
aci d thu%eaézylﬁflﬁ@séez@)apiﬁy@ﬂrhﬁ&g%nis ysed londoERee )Sall gﬁlﬁm% B’iié‘ggnte P
thg nucltﬁbn a%?iisﬁ‘the-fﬁiaﬂ @bnﬂ@aﬁoﬁh@é{ohbas@uahrasc%msm;glegﬁod,cu med in the 5 °

en ortion. e nucl eic nt hesj ze esGribe e.

rosul P tmedigea B mahodya NASPR MGG & Lalip HeHal hE N et ves
sihngl e stsé _@QH’-SL?Man%@g&Qﬁédﬂﬁpm??tmmleﬁhd)dlga 'ﬂ‘bﬁ?mﬁigﬂeq@h?_m as ]Ehat of
t he precedi ir riner r4, di zes .t et o . _Thereafter, an
ext er%:\ Onreq'jggg? i‘%‘%&?@tﬁg@ af%l% H%eztﬁggm y%ﬁﬂﬁ??hh? P&‘?’Zﬁ)‘%’f‘-‘%’ﬁm due to
t he stranamplifeptiananetiod efidiecl reserdt irvemtxanesinigna) idohkermal ei ¢ aci d
synt hesi evi | vy 4 ' | £. t . . [ I d
(BG as Enphn Al Rt i el e b At (SRS LSAB AR B EEACC! §
the sequefithe g@sinhirvendiorndsand atmecls'_mméd@mlé]ﬁ()atﬁqtpmmg ofther s due to
the presgneenPintdiidiP IR PORA Y FGIL@RS a8 ‘tﬁ@mﬁaﬁlﬁémﬂ-pr@@&% ally,

20 invention”.
Isothermal amplification method

The isothermal amplification method of the present invention is a
method of carrying out a nucleic acid amplification reaction isothermally as
described above. The conditions for the nucleic acid amplification reaction

25 in step (B) are not particularly limited and can be determined suitably by
persons skilled in the art. Preferably, the reaction temperature is set at,
for example, a temperature around the melting temperature (Tm) of the
primer or lower. Further preferably, the stringency level is set in view of
the melting temperature (Tm) of the primer. Specific examples of the

30 reaction temperature include around 20C° to around 75C°, preferably
around 35C° to around 65C°.

The isothermal amplification method of the present invention is
described using, as examples, a method in which an asymmetric primer set
is used and a method in which a symmetrical primer set is used, as

35 described above. However, the present invention is not limited thereto.
SMAP method

Among nucleic acid amplification methods, the SMAP method can
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when a doubl e-stranded nucleic acid is dissociated into a single strand, 20
partial dissociation starts fromthe ends thereof or fromthe relatively
unstabl e portions other than the ends. In the double-stranded nucleic acid
produced through the extension reaction caused by the above-mentioned
first prinmer, base pairs located in the end portion are in a state of
equi | i brium hetween di ssociatipn and bi ndj n g@ rel atiyel h 25

hee i

) hi
t enper at (FBBLEHY tergat apieleic asibhpeauancs vt e ERee mﬁ\fﬂ%g’é?m%e's uch a
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ext ensi olrusre_eaafcn(‘rj:@emrlimdt af the/pretenbinvention allhwsghe HEMAR method yambeesi zed
previ ous i s .di sp e r ' . - st ded
ol ef o drheddntethr BatdRuta fibhdrkenSl AP dpgtifte phtinbl B LAICE |
the fi rfst pri meAs deswiltidnabave, she peimser set ofdhsaryrometrie typelfeht i nvention
are as . . . ' : ; I
nucl o deidegspt bhlins b Baft 80rinfire B AR MR T L p e Gtk Bl are
nucl dioc adiedptimery iy Adtarent in mondslogyHizomihenathen oPrefgealyly; igs uspd s

necessary, @i&hélgwfép&ésmp%&ﬁh. P W driePiafté0 ¢Bisskifferidae al@npl at e
nucleic-acid tqo be a si ngle strand fhrough the fornmation of the stem| oop

st r uct ur eresgrreddoms sy PH&RIIY enentary 5 strand synt hesi zed as
descri bed abovea ghedifitRahmple RPSRe SMARI9mek seKinflides apainpdptiantrs That
is aratio, of the differenc X- to the nunber X, wherein.X denotes the
nunber ofoliHs B8y BEMLEICIIRE itﬁa£ Wﬁgﬁ%@rﬁ}ét PREmST afd 2 SFCPﬂgingﬂﬂgg the nunber
of bages cg nt ?inﬁ*ﬁﬁrd'i? t?bgwsﬁg'm?ﬁmf tartabas, iy ith® erskpording a(sdquendet he
PEUTEC ) e e T SR 5 ML Bt Pt
tenpl at e gurgbehacledd acidrdqubate,iandalsoasntainat enl the Hhsidaef thgbri di zati on of
N T T
(Be) to a sequence (B) that is present on the 5 side with respect to the
20 sequence {A) in the target nucleic acid sequence, and
the second primer contains, in its 3’ end portion, a sequence (Cc)
that hybridizes to a sequence (C) located in the 3’ end portion of a
complementary sequence to the target nucleic acid sequence, and also
contains, on the 5 side of the sequence (C¢), a folded sequence (D-De¢) that
25 contains, on the same strand, two nucleic acid sequences that hybridize to
each other.
FIG. 45 schematically shows the action mechanism of nucleic acid
synthesis to be conducted using the first primer. First, a target nucleic acid
sequence contained in a nucleic acid to serve as a template is determined.
30 Then the sequence (A) that is located in the 3’ end portion of the target
nucleic acid sequence as well as the sequence (B) that is present on the 5
side with respect to the sequence (A) are determined. The first primer
contains the sequence (Ac’) and further contains the sequence (B) on the 5’
side thereof. The sequence (Ac’) hybridizes to the sequence (A) while the
35 sequence (B") hybridizes to the complementary sequence (Be) to the
sequence (B). In this case, the first primer may contain an intervening
sequence that does not affect the reaction, between the sequence (Ac) and
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acid efficiently, it also is necessary that the above-nentioned stem| oop
15 structure be fornmed efficiently. For the efficient formation of the
stemloop structure, i.e. for efficient hybridization between the sequence
(B') and the sequence (Be), the distance (X+Y) between the sequence (B')
and the sequence (Be) is inportant. Generally, the optimal tenperature for

the pringie fxuense ¢B)r eAgnealingsofauchd ﬁﬂmaftoauh@lm;?la& nltleis adidf fi cul t
to 20 di ssociate t he .ext.end strand o )Bfﬁbeplglflg}}e i,on gch | ow
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hyblr : di zetHr?%setqhe;acs équehtie (aBg)ait:) alufledé aa:th apquience éFHEe&ﬂiabbl &Vhkata ah

sSsna er nu er o bases exl st et ween 0 t t her
o, con R se R FeaftioR poftiis B Ui Slatel A5 RTAY RO Soneii UG e
sequence doBeplenterthkywedheneamudrctargst (1A¢1e;ma¢1dcaeqhene& mlssmthehmederrpl ate

nucl ei ¢ apjd, %R% gg%geﬁée’\gi Ft}fétr@ﬂ)%s%@ nﬁﬁ th® ‘o’e{rﬁ{a Qi!ﬁlleeoi{tﬂ@tn%&?ra%g{i O”“”ber

of bases €Xi'’s € seque sequence m such
factors a@t@e%nﬁhbsdeélbwmdmﬁetcaﬂw&eqemcgr@a) thatgs prpeéndein thecording to a

pref er r edy SOBRUGEN! Ths KSwELARER 1d}aRkiARelS beXBralBdiianad Sgntinat the

ratio (X- I'S pre erably at nor e pre erably at |east 0.00,
further ppationaef theanugleigsicid spathesiepdsas dpsqrikadenboye At ameselt, thelo but

is prgf ers%tﬁolﬁénée ) R{cak&i"@ﬁ ’th@‘ﬂéﬁlp%ﬁef ShdBlYadd B@c&hek %Vﬁﬁgle §t&'£ﬁﬂer _
pr ef er abl or lower, and still_further preferably O | ower, in

the case w@tbemanpm@r%meﬁdl%a&éheéaﬁse $RACRKE aﬁé%%eﬁt %er%c@ém&ce 35
(Ac') andﬁfsﬂ% Qﬂ‘h@"bﬁlcﬁﬁés)ﬂie'i@ﬁo M@Qﬁb»hem{eké@er Mar ®augsiont he

di stance ( X+

di stanc %FE‘P&&"? era,téqg/g bﬁﬁaﬁt 15, ﬁo reﬁ%a‘raebl A at I ea(it 20, and
pr ef er abl dispcerhenrt re@6tion andtfthe shafe ﬂmﬁ Qhabiuv:le‘ia aeid émesmdn an
o ecelh | HUCTEGITE s SiseatatEL BeRs the sapitie aymeree (Y S *conpose the
primer, the firktthy action mhadlsm descitibed pbefre,rn}mcblfermmmbmﬂmt idfe t he
o esent St AFERRST, 9% ek BTyl 8, 0 1T 2oL
0. 05, andpwssehte pf Bfcecabplemdntagpseg®ns®rbthe sme stwinal. alrgnaradly, or | ower,
more pref gfahly afuiz-thad @ hucbit 408"s Rigotl-3bi ¥nto a single strand,
20 partial dissociation starts from the ends thereof or from the relatively
unstable portions other than the ends. In the double-stranded nucleic acid
produced through the extension reaction caused by the above-mentioned
first primer, base pairs located in the end portion are in a state of
equilibrium between dissociation and binding at relatively high |
25  temperatures and thereby a double strand is retained as a whole. In such
a state, when a sequence complementary to the dissociated portion located
at the end is present on the same strand, a stem-loop structure can be
formed in a metastable state. This stem-loop structure does not exist
stably. However, another identical primer binds to the complementary
30 strand portion (the sequence (A) on the template nucleic acid) exposed due
to the formation of the stem-loop structure, and thereby a polymerase
causes the extension reaction immediately. Accordingly, while the strand
synthesized previously is displaced and thereby is released, a new
double-stranded nucleic acid can be produced at the same time.
35 The design criteria for the first primer according to a preferred
aspect of the present invention are as follows. First, in order for a new
primer to anneal to the template nucleic acid efficiently after a
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0.50 or lower, and still preferably 0.25 or |lower. Mreover, the distance
10 (X+Y+Y) is preferably at least 15, nore preferably at |east 20, and
further preferably at |east 30 but is preferably 100 or |ess, nore
preferably 75 or less, and further preferably 50 or less. The
af?[}e{rﬁnt!{oned fi rslt priner has a strand length that enables base pairing
Wi e target nucleic Id while IIovmn t he, necessar ficity to
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cont ai ns e sequence

|
t hat 1@ ontHoweverothe hertiemehat isaHgsentpn thﬁu(:s e V&’é &%gg%ﬁgﬁgggcte héltD )

hybri di z %eaﬁengecm%hﬂ{e teSHTAtA RIEBcl A8 ThaDidast asswiciated withlthke t he
one shown or exanpl e. Howev

nucl eot i awbr&lzamwééb%rw¢wn%@w %{tforﬁ"? @dsmgﬁg E%i%agﬂomel Rugiljg °
46. The lmpqhbrabrd 18 o¥868kIRICENEEPEndrite sanabdo the template udeéier ably 5 to

50 nucl eot | nnre refera
hand, t h@c@ﬁéiqae%tf dy.11hal disdﬁ’&e%%é’ltg’éé%flﬁaﬁ@#%g‘?‘%{}‘q%?% e@? éﬁ‘% gt th 5 1000
nucl ggt i g@pucti®s Be ﬂ'ﬁﬁﬁ@di alfigiedtlyo FoP theeffimentifamation pfithe preai docibly 4 to

nunber. oPHRRER A brocir SDaRaFlR Fitneed 42, S”é%}gg”& Sﬁqﬁhﬁﬁﬁ%’g‘* e

Byb“ di Z@eqﬁfénééléBc)ptiwdﬁstanc& %Ybbmegedleewar@e 1% 2 to 500
p, nore prefera ,
further g}lgpgebh%éégg %Qgp%rﬁp 1(%6 nuc e@%eﬁ%}ﬁﬂﬁ@ﬁée& E?aﬁﬁ'etfﬁr tie@d still

primer extension reactlon is a maximum of around u2e %Ce It is hﬁ”ﬁcuﬁl ded

20 dissociate the extended strand over a long region at such low temperatures.
Therefore, conceivably, in order for the sequence (B’) to hybridize to the
sequence (Be) efficiently, it is preferable that a smaller number of bases
exist between both the sequences. On the other hand, conceivably, in order
for the sequence (B’) to hybridize to the sequence (Bc) to allow the sequence

25  (A) portion located on the template nucleic acid to be a single strand, it is
preferable that a larger number of bases exist between the sequence (B’) and
the sequence (Be).

Trom such factors as described above, the aforementioned first

primer according to a preferred embodiment of the present invention is

30 designed so that the ratio (X-Y)/X is preferably at least —1.00, more
preferably at least 0.00, further preferably at least 0.05, and still preferably
at least 0.10 but is preferably 1.00 or lower, more preferably 0.75 or lower,
further preferably 0.50 or lower, and still further preferably 0.25 or lower, in
the case where no intervening sequence is present between the sequence

35 (Ac) and the sequence (B’) that compose the primer. Moreover, the
distance (X+Y) is preferably at least 15, more preferably at least 20, and
further preferably at least 30 but is preferably 50 or less, more preferably 48
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sequence (D-Dc') may be any sequence and is not particularly limted. 5
However, it is preferable that the nucl eoti de sequence be one that does not
hybridi ze to the target nucleic acid sequence. In addition, an intervening
sequence that does not affect the reaction nay be inserted between the
sequence (CO and the fol ded sequence (D-Dc') if necessary. A conceivable
action nmeghkeksandfutther pucfeehblya4? dr damal i fi cation 10 reaction that is

caused by the ve-nment)oned. first pringr and,secand é)rint“er i s descri bed
Wi th reference NAeR ¢ INFTYeniag simengs (the mimbgx of pases qontamed  yo o
sinplify thereilescY) pd prosent between ehe asqiidnnde (AeDramt tiee sapeanh (Bt her are
descri bed,as sequences .that are conplenentary .to each ot her. . . However, the
I LA DA M U P

ybri di zesmbodem pmsdnbinertiong et dew 80 blga ereby the

ext ensi ongsf. hBA: b Qc S ) )i uently, a
stem| oop{){st?? ﬁﬁ‘é gglesollgrsetﬁ%%rb r%ggltg%ésfthgfgg_’txg%g%gr esft%g%]lg %t]f%a’tgg’%tg hereby the
sequence fusphempraferatdy gétleantcd.0b cand istillsprederably ahdedss (1O bubdst o be a
single s ' [ ol t £auanAe (A
(FIG 20 éllrfA% %%}mertﬂ? QT@%ﬁé??ﬁgﬁ’gﬁ‘{%ﬁygﬁwﬂa@%ﬁﬁﬁﬂﬁé pri rre?, and

then the O8Rtasrawersandadliprpierahin @i elopreayi Blarepves the dianae ed. Next
the SRLONK+PFVYSE phoferalslyZz8Sches 15 %%ﬁagﬁéisﬁam@at! 1058 20! QM hli8her
di ssoci at ed ext ?nderdjr%ﬂ strand (-) (Fl 47A(c),)-. This cayses. the extension
reacti on Breferablpat degst 30pt %we&w Y 180108 ey mereprelerably I58xnt hesi zed
(FIG 47%@%)an@ﬁ§h@ﬁﬁyéﬁpa}§pyrwbme%§_ are fornmed at the 3' end of the
ext ended str andT£+) t hus smi zed and at the g e-nqb@{qﬁ he .ext ended
strand (-) (FI G-Ranfrements HPTIREE RaS hetranelpRgt nahlein t he | oop
eﬂd of t hleawlbaﬁmﬂ@,dwh St ﬂfedtd C?rgé‘b nhb%ﬁc h&id_tvhbilé'allewingftgé h%faéssa@ymf ? ][ m) ang hat
the s ti e, . xtended. stra -)_is_di,ssociat.e : e
ext er orehEgiDfp PharRieingd et Pehn B RO | Qo enanidepeiter )
product i othisfprambémiy mefetatie 15doltdlenatleatidesandcherecprdexhhily 20hio®d0 t he
ext ended sfran -) ho o the 3 sidg of,he exten ashrand (+)
Chr ough « BB TREJIEHAS o e bfuchos iRt MRS S IR PR e
hybri di zesomposethesfixvgigrimet Apclaade phreferslkelyu® be 60 (Beleqtides amtymage) , and
t he extengj L er |J, ONs - (-) to
be pr odugéﬁg%bgﬁ 1Jz?%\b( ﬁ?@g’@dﬁg}( [ E%tﬁgﬁrhbéﬁné{}%?vgﬁn%%glg E‘Eés g@%tence
that 30s pdessemat affectithe Jeaction oiay he inserted between the sequence (Ac) and
the sequence (B’) if necessary.
As described above, the second primer included in the primer set
according fo the present invention contains, in its 3’ end portion, a sequence
(Cc) that hybridizes to a sequence (C) located in the 3’ end portion of a
25 complementary sequence (the strand located on the opposite side to the |
strand to which the first primer hybridizes) to the target nucleic acid
sequence. The second primer also contains, on the 5 side of the sequence
(Cc), a folded sequence (D-Dc¢’) that contains, on the same strand, two
nucleic acid sequences that hybridize to each other. Such a second primer
30 has a structure like the one shown in FIG. 46, for example. However, the
sequence and the number of nucleotides of the second primer are not limited
to those shown in FIG. 46. The length of the sequence (Cc’) of the second
primer is preferably 5 to 50 nucleotides and more preferably 10 to 30
nucleotides. On the other hand, the length of the folded sequence (D-Dc) is
35 preferably 2 to 1000 nucleotides, more preferably 2 to 100 nucleotides,
further preferably 4 to 60 nucleotides, and still further preferably 6 to 40
nucleotides. The number of nucleotides of the base pairs that are formed
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hai r pi n-type doubl e-stranded nucleic acid provides the 3' end of the free
69 form (FIG 47A(h)). Then the extension reaction caused therefrom (FI G
47B(i)) allows a single-stranded nucleic acid to be produced (FIG 47B(j)).
The singl e-stranded nucleic acid has the fol ded sequence at each end
thereof and contains the extended strand (+) and the extended strand (-) 5
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strand. Then a new first primer hybridizes to the sequence (4) (FIG.

920 47A()). This causes the extension reaction of the primer, and then the
extended strand (-) synthesized previously is dissociated. Next, the second
primer hybridizes to the sequence (C) located on the dissociated extended
strand (=) (FIG. 47A(c)). This causes the extension reaction of the primer,
and thereby an extended strand (+) is synthesized (FIG. 47A(d)).

25 Stem'loat)p. structures are formed at the 3’ end of the extended strand (+)
thus synthesized and at the 5 end of the extended strand (=) (FIG. 47A(e)).
Then the extension reaction occurs from the loop end of the extended strand
(+) that is the 3’ end of the free form and at the same time, the extended
strand () is dissociated (FIG. 47A(f)). The extension reaction that has

30 occurred from the loop end results in production of a hairpin-type
double-stranded nucleic acid to which the extended strand (-) has bound on
the 3 side of the extended strand (+) through the sequence (A) and the
sequence (Bc). Then the first primer hybridizes to the sequence (A) and the
sequence (Be) (FIG. 47A(g), and the extension reaction caused thereby

35 allows the extended strand () to be produced (FIGs. 47A(h) and 47(1)).
Furthermore, the folded sequence that is present at the 3 end of the
hairpin-type double-stranded nucleic acid provides the 3" end of the free
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conpete with other prinmers for hybridization to the target nucleic acid
sequence or the conplenentary sequence thereto. In the present invention,
t he expression "does not conpete" denotes that hybridization of the third
35 primer to a target nucleic acid does not hinder other primers from
providing origins for conplenentary strand synthesis. Wen the target
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a new ori € a th 1 ension reaction:
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do not copEy). WiAdkordh thbre%texpsioﬁ@émrpeamd thla&efrshf anewhength of the
nor.e ferably 5 to 50

mlclr Celléltolr g%nglga 1998 St%‘g‘lttfelrﬁgﬁb %Péfé‘i%%‘f? 57]’01; °8 348 %e I%F?Wegr eThe third priner
i's :jnt enldefigl lfgd{t?%ﬁdf(g génﬁe\m d@‘d?ﬁ ;ﬁ'bﬂutédifMG WrBRldn e agg?mahﬂfed nucl ei ¢
i mer | AAGUAE acat Ghategns fs CXvanded strand Lhrnd hd rB ARt i o
pri mer haleermatelyeviahe sehaonédiaderdfedfom %e pricnafs. t I8mfilarkt in this
single-stranded nucleic acid, the formation of a loop at the 3’ end provides
20  the origin of complementary strand synthesis successively. Accordingly, the
extension reaction therefrom occurs in succession. Thus in the
single-stranded nucleic acid that is extended automatically in such a
manner, the sequences derived from the first primer and the second primer
are contained between the extended strand (+) and the extended strand (-).
25  Therefore each primer can hybridize to cause the extension reaction. This
allows the sense strand and the antisense strand of the target nucleic acid
to be amplified considerably.
The SMAP primer set of the present invention may include a third
primer in addition to the first primer and the second primer. The third
30 primer hybridizes to, for example, the target nucleic acid sequence or the
complementary sequence thereto. However, the third primer does not
compete with other primers for hybridization to the target nucleic acid
sequence or the complementary sequence thereto. In the present invention,
the expression “does not compete” denotes that hybridization of the third
35 primer to a target nucleic acid does not hinder other primers from providing
origins for complementary strand synthesis.
When the target nucleic acid sequence has been amplified with the
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prinmer and the second priner. Furthernore, it is preferable that the
anount of the third primer to be added to the anplification reaction
solution be snaller than that of each of the first priner and the second
priner to be 30 added thereto, for exanple. The third primer to be used
herein can be one that allows an origin of conplenmentary strand synthesis
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sequence éﬁyﬁasp%aaﬁ'&@b&aﬁsaehe&monﬁ arpeis fid aulees stidafmplificafienred to as
a "w ldtype nucleic acid sequgnce" Is a target nucleic acid sequence, and
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hybridized by the first or second primer, as long as they do not compete with

20  the first or second primer. The strand length of the third primer is
preferably 2 to 100 nucleotides, more preferably 5 to 50 nucleotides, and

further preferably 7 to 30 nucleotides.
The third primer is intended mainly to provide an auxiliary function
to advance the nucleic acid amplification reaction much quicker that is
95 caused by the first primer and the second primer. Hence, it is preferable
that the third primer have a lower Tm than that of each 3’ end of the first
primer and the second primer. Furthermore, it is preferable that the
amount of the third primer to be added to the amplification reaction solution
be smaller than that of each of the first primer and the second primer to be
30 added thereto, for example.
The third primer to be used herein can be one that allows an origin
of complementary strand synthesis to be provided for a loop portion, with a
template having a structure capable of forming the loop, as described in, for
example, WO 02/24902. The third primer, however, is not limited thereto.
35 That is, it can be any primer that provides an origin of complementary .
strand synthesis for any site as long as the site is within the target nucleic

acid sequence, for example.
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product indicates the absence of the nutated sequence. On the other hand,
when using a prinmer set designed so that a nucleic acid sequence containing
no nmutation at the target site (w ldtype sequence) is a target nucleic acid
25 sequence, for exanple, the presence of an anplification product after
the nucleic acid anplification reaction indicates the absence of the
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20  after the nucleic acid amplification reaction indicates the presence of the
mutated sequence, while the absence of or reduction in the amplification
product indicates the absence of the mutated sequence. On the other hand,
when using a primer set designed so that a nucleic acid sequence containing
no mutation at the target site (wildtype sequence) is a target nucleic acid

25 sequence, for example, the presence of an amplification product after the
nucleic acid amplification reaction indicates the absence of the mutated
sequence, while the absence of or reduction in the amplification product
indicates the presence of the mutated sequence. In this case, the |
expression “reduction in the amplification product” denotes a reduction in

30 amount of the amplification product obtained as compared to the amount of
the amplification product that is obtained when the target nucleic acid
sequence is present in the nucleic acid sample.

Preferably, the primer set is designed so that the target site is

contained in the sequence (A). In the case of using such a primer set, for

35  example, when the target nucleic acid sequence (for example, a wildtype
sequence) is contained in the nucleic acid sample, the first primer anneals to
the sequence (A) in the nucleic acid amplification reaction and thereby an

72



it is difficult for the second primer to anneal to the sequence (C) in the
nucleic acid anplification reaction. Therefore, in this case, no
anplification product is obtained or a considerably reduced amount of 20
anplification product is obtained. Preferably, the sequence (Cc') contained
in the second prinmer is a sequence that I's conplenentary to the sequence
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amphﬁcatmn product is obtained or a consuierably reduced amount of

20 amplification product is obtained. Preferably, the sequence (Cc’) contained
in the second primer is a sequence that is complementary to the sequence
(©.

Preferably, the primer set is one designed so that, for example, the

target site is contained in the sequence (B). In the case of using such a

95 primer set, for example, when the target nucleic acid sequence (for example,
a wildtype sequence) is contained in the nucleic acid sample, after the first
primer anneals to the sequence (A) to cause an extension reaction, a
sequence (B’) that is contained in the primer hybridizes to a sequence (Be)
located on the extended strand in the nucleic acid amplification reaction.

30 Therefore a stem-loop structure is formed efficiently. This efficient
formation of the stem-loop structure allows another first primer to anneal to
the template. Accordingly, the action mechanism shown in FIG. 45
proceeds efficiently and thereby an amplification product is obtained. On
the other hand, when a nucleic acid sequence (for example, a mutated

35 sequence) that is different from the target nucleic acid sequence is contained
in the nucleic acid sample, it is difficult to form the above-mentioned

stem-loop structure in the nucleic acid amplification reaction. Thus, the
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formed efficiently in the nucleic acid anplification reaction. This
efficient formation of the stemloop structure allows another first priner
to anneal to the tenplate. Accordingly, the action nechanismshown in FIG
45 15 proceeds efficiently and thereby an anplification product is
obtained. On the other hand, when a nucleic acid sequence (for exanple, a
nutated s@ipiepeehabisah shewdl if BIGNS ¢ hinddred! angef rédidt,aic aci d sequence
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primer and the sequence (Bc) located on the extended strand is not adequate.
Thus, in this case, the action mechanism shown in FIG. 45 is hindered. As
a result, no amplification product is obtained or a considerably reduced
amount of amplification product is obtained.

25 Preferably, the primer set is one designed so that the target site is
located between the sequence (A) and the sequence (C). In the case of
using such a primer set, when the target nucleic acid sequence is contained
in the nucleic acid sample (for example, a wildtype sequence), after the first
primer anneals to the sequence (A) to cause an extension reaction, the

30 sequence (B)) that is contained in the primer hybridizes to the sequence (Bc)
located on the extended strand and thereby a stem-loop structure is formed
efficiently in the nucleic acid amplification reaction. This efficient
formation of the stem-loop structure allows another first primer to anneal to
the template. Accordingly, the action mechanism shown in FIG. 45

35 proceeds efficiently and thereby an amplification product is ocbtained. On
the other hand, when a nucleic acid sequence (for example, a mutated

sequence) that is different from the target nucleic acid sequence is contained
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no anplification product is obtained or a considerably reduced anmount of
anplification product is obtained. Furthernore, when the nucleic acid
sanpl e contains a nucleic acid sequence that is different fromthe target
10 nucleic acid sequence due to the deletion of a sequence between the
sequence (A) and the sequence (C) and when a part or the whole of the
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sequence due to the deletion of a sequence between the sequence (A) and the

20  sequence (C) and even when no partial deletion of the sequence (B) is caused
by the deletion, the rate (efficiency) of nucleic acid amplification decreases.
As a result, no amplification product is obtained or a considerably reduced
amount of amplification product is obtained.

LAMP method

25 As described above, the primer set of a symmetrical type includes a
pair of primers of a symmetrical type in which one of the primers is identical
in morphology to the other. Particularly, it is preferable that the primer set
be used for the LAMP method. Hereinafter, this primer set also is referred
to as a “LAMP primer set”.

30 In the LAMP method, for example, four types of primers are
necessary. They recognize six regions, so that a target gene can be
amplified. That is, in this method, a first primer annealsto a template
strand to cause extension reaction first. Subsequently, the extended strand
produced by the first primer separates from the template strand due to the

35 strand displacement reaction caused by a second primer designed upstream
from the first primer. At this time, a stem-loop structure is formed in the &
end portion of the extended strand due to the structure of the first-primer
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ot her strand of the double-stranded nucleic acid or on the 3" end side of
the first-prinmer extension product that has been renoved. These reactions
are repeated and thereby the target nucleic acid is anplified. The
tenplate 5 used in the LAMP nethod has, for exanple, at the 3' end and the
5" end on the sane strand, regi ons conposed of base sequences
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The fluorescence intensity of the primer according to the present

20 invention can be changed effectively by, for example, controlling the exciton
interaction in the dye portions bonded thereto. In the present invention,
an approach particularly utilizing the exciton interaction makes it possible
to obtain sufficiently high quenching ability for serving as an on-off probe
and, for example, a number of advantages that are clearly different as

25 compared to conventional assays. The photophysical properties that the
primer utilizing the exciton effect exhibits are not only very characteristic
but also suitable for designing a new fluorescence DNA primer for DNA
sequencing (sequence determination), genotyping (genotype analysis), and
gene expression observation. |

30  (2) Second nucleic acid amplification method

The second nucleic acid amplification method of the present
invention is a method of amplifying a target nucleic acid sequence in a
nucleic acid sample, wherein the method includes the following steps (A)
and (B): '

35 (A) a step of preparing the nucleic acid sample, and

(B)) a step including the following steps (B1’) and (B2):

(B1’) a step of amplifying a target nucleic acid sequence in
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35 (A) a step of preparing the nucleic acid sanple, and (B') a step
including the followng steps (B1') and (B2'): (Bl) a step of anplifying a
target nucleic acid sequence in 76 the nucleic acid sanple using a primer
or a prinmer set containing a pair of primers; and (B2') a step of

hybridi zing a single-stranded nucleic acid sequence anplified in step
(B1') to a probe made of a | abeled nucleic 5 acid containing.at |east one
of the struct utkenuelsieseid: ssanple ‘#ﬁi@gfaol?#m%é)r(%@meli%‘ﬁ)con(tglﬂmg @17b),
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sequence to be detected, or information on the sequence around the target
20 nucleic acid sequence in DNA or RNA.

The primer and primer set used in the second nucleic acid
amplification method of the present invention are not particularly limited.
They can be set suitably according to, for example, the target nucleic acid
sequence to be detected or the type of the nucleic acid amplification reaction.

95 Furthermore, the type of the nucleic acid amplification method of the
present invention is not particularly limited. Examples thereof include the
PCR method and various isothermal amplification methods such as the
SMAP method and the LAMP method as described above. It can be carried
out in the same manner as in the case of the first nucleic acid amplification
30 method.

According to the second nucleic acid amplification method of the
present invention, since the aforementioned Jabeled probe is used, the
occurrence of amplification of, for example, a target nucleic acid sequence
can be judged by merely detecting the fluorescence intensity of, for example,

35 a nucleic acid amplification reaction solution. This is achieved, for example,
for the following reasons. Since a double-stranded nucleic acid is formed

when a probe hybridizes to a nucleic acid sequence complementary thereto,
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30 nethod. According to the second nucleic acid anplification nmethod of the
present invention, since the aforenentioned |abel ed probe is used, the
occurrence of anplification of, for exanple, a target nucleic acid sequence
can be judged by nerely detecting the fluorescence intensity of, for
exanple, 35 a nucleic acid anplification reaction solution. This is
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20 reaction in step (B1’) continuously or intermittently, or may be detected
after completion of step (B1). When the fluorescence intensity is detected
after completion of the reaction in step (B1), it is preferable that it also be
detected as a background before the start of the reaction in step (B1). On
the other hand, when step (B1’) and step (B2) are carried out separately, it

25 is preferable that, for example, the labeled probe be added to the reaction
solution after the nucleic acid amplification reaction carried out in step (B1).
In this case, detection of the fluorescence intensity is carried out, for
example, after step (B1’). 1In this case, it is preferable that the fluorescence
intensity also be detected as a background, for example, after step (B1) but

30 immediately before or after addition of the labeled probe. Specific
examples of the detection method are as described above.

(1) The probe of the present invention can be used in a liquid phase
homogeneous assay (using, for example, a 96-well microplate or capillary).
(2) The probe of the present invention can be used as a PCR probe.

35 It can be used for detection of an amplification curve in a DNA amplification
reaction (real-time PCR) or a low-cost method replaced with the TagMan
probe method. It can be used as a primer label or an internally labeled
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25 is preferable that, for exanple, the |abeled probe be added to the
reaction solution after the nucleic acid anplification reaction carried
out in step (B1'). In this case, detection of the fluorescence intensity
is carried out, for exanple, after step (Bl'). In this case, it is
preferable that the fluorescence intensity al so be detected as a
background, for exanple, after step (Bl') but 30 i medi ately before or
after adBr®R%n of the |abel ed probe. Specific exanples of the detection
nmet hod are as deycH rehsfthe préjedihimvensive cin béaspd easentrappyegt i on can
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can be uslg%o%%e&uﬂ' ag?tefr%e hybridization operation.

(6) The probe of the present invention can be used as a probe for

20  detection and tracing of intracellular nucleic acid. This allows
spatiotemporal analysis of intracellular DNA/RNA to be carried out. A
fluorescence microscope and a cell sorter can be used. This can be used for
DNA labeling, tracing of transcription/splicing to RNA, and RNAIi functional
analysis, for example. In the method of the present invention, since

95 washing is not required, it is suitable for tracing of a living cell function.

(7) The probe of the present invention can be used as a probe for
fluorescence in situ hybridization (FISH). The method of the present
invention allows, for example, a tissue to be dyed. In the method of the
present invention, washing is not required, which reduces human error.

30 That is, the probe of the present invention serves as a fluorescent dye that
does not emit fluorescence when not recognizing a target biomolecule.
Therefore the use thereof can establish bicimaging that does not require a
cumbersome washing step. This leads to highly reliable, real-time
fluorescence observation with less work.

35 The effects of the fluorescent probe (labeling substance) of the
present invention can include, for example, the following advantages as
compared to conventional single-stranded quenching fluorescent probe (for
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20 detection and tracing of intracellular nucleic acid. This allows
spatiotenporal analysis of intracellular DNA/ RNA to be carried out. A

fl uorescence mcroscope and a cell sorter can be used. This can be used for
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an approach particularly utilizing the exciton interaction makes it possible
to obtain sufficiently high quenching abitity for serving as an on-off probe
20 and, for example, as described above, a number of advantages that are
clearly different as compared to conventional assays. The design of such
on-off fluorescence nucleotide is very important for establishment of a
bicimaging assay that does not require washing, for example. The
photophysical properties that the probe utilizing the exciton effect exhibits
25  are not only very characteristic but also suitable for designing a new
fluorescence DNA probe for DNA sequencing (sequence determination),
genotyping (genotype analysis), monitoring of DNA conformational
transition, and gene expression observation.
Furthermore, with the probe (nucleic acid) of the present invention,
30 when, for example, a target nucleic acid sequence is determined
quantitatively, it can be detected immediately that phenomena such as
amplification, degradation, and protein binding of the sequence concerned
occurred and the amounts of those phenomena also can be determined
quantitatively. The following description is directed to such detection and
35 quantitative determination but indicates examples and does not limit the
present invention. That is, first, the probe (nucleic acid) of the present
invention hybridizes with the target nucleic acid sequence at a certain
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15 The fluorescence intensity of the probe according to the present
invention can be changed effectively by, for exanple, controlling the
exciton interaction in the dye portions bonded thereto. In the present
invention, an approach particularly utilizing the exciton interaction
makes it possible to obtain sufficiently high quenching ability for

serving as, an on-off probe 20 d, .f b
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20 (c) a step of detecting the presence or absence of a mutation by
comparing the fluorescence intensities to each other that are obtained before
and after step (a) that have been measured in step (b).
In the mutation detection method of the present invention, as long
as the target nucleic acid sequence is amplified by a nucleic acid
95 amplification method using a primer or primer set of the present invention,
other conditions and steps are not limited. The method and conditions for
measuring the fluorescence intensity can be set suitably according to, for
example, the type of the atomic group of the labeled primer according to the
present invention. The method of measuring the fluorescence intensity in
30 step (b) is not particularly limited and is the same as described above.

In the present invention, the term “mutation” denotes that a
different base (a base pair in the case of double-stranded nucleic acid) as
compared to a nucleic acid sequence that serves as a control is present in
the nucleic acid sequence. Examples of the mutation include substitution,

35  deletion, and insertion of a base. Example of the control includes a
standard base sequence with respect to a specific base sequence, for example,

a nucleic acid sequence of a wildtype (also called a normal type) that is
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10 [Mutation detection nethod] The nutation detection nmethod of the present
i nvention is a nethod of detecting the presence or absence of a mutation
i.n a target nucleic acid sequence contained in a nucleic acid sanple,
wherein the nmethod includes the following steps (a) to (c): 15 (a) a step
of anplifying the target nucleic acid sequence contained in the nucleic
aci d sannhgsnkm@d@gqigmmd@Qaqgﬁmmi'éication nmet hod according to the
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sequence to a sequence containing a mutation to be detected, when the
target nucleic acid sequence of a template has a mutation, the primer
20 hybridizes to the target nucleic acid sequence and thereby nucleic acid
synthesis proceeds. As a result, amplification occurs and fluorescence is
emitted. However, when the target nucleic acid sequence does not include
any mutation, the primer cannot hybridize to the target nucleic acid
sequence. As a result, amplification does not occur and fluorescence is not
25 emitted. Therefore when the fluorescence intensity is detected and has
increased, it can be judged that a target mutation is present, while when it
has not increased, it can be judged that no target mutation is present. On
the contrary, in the case where the primer is designed as a complementary
sequence to a wildtype, when the fluorescence intensity has increased, it can
30  be judged that no target mutation is present, while when it has not
increased, it can be judged that a target mutation is present.
In the present invention, any primer may be the labeled primer.
Furthermore, the primer set of the present invention may include, for
example, a primer (mutated primer) with a base to be detected being of a
35 mutated form, and a primer (wildtype primer) with the base being of a
wildtype. In this case, the mutated primer and the wildtype primer are
preferably, for example, labeled primers having fluorescent atomic groups
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5 can be judged by nerely detecting the fluorescence intensity of the
nucleic acid anplification reaction solution and conparing the
fluorescence intensities to each other that are obtained before and after
the reaction, in steps (b) and (c). This is because of, for exanple, the
foll ow ng reasons. When the prinmer hybridizes to, for exanple, DNA or RNA
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etecte | ' i | dt [ i
abrented %Pﬁ(gngft.og;h%acﬂel@yd%&l@ﬂﬁgfé&eﬁﬂﬂtcﬁn&rgﬂﬂiﬁbs(Wl ype priner) with

wi | dtype pri merlmthe W@?@%ﬁﬁ‘?‘!’g‘?é gll%}%éﬁfﬂ%h‘g Egﬁgqultﬂ%tng%ﬁébg‘% ﬁﬁ\%linggt e
f 1 uorgs centy pHMRAtENAS PeBbrmed for detecting a mutated site in a target nucleic
acid sequence, it is preferable that, for example, a labeled primer (a labeled
full-match primer) of the present invention and a mismatch primer be used
in step (a). The labeled primer has a sequence completely complementary
to the region containing the mutation site in the target nucleic acid
25 sequence. The mismatch primer is a primer having a sequence completely
complementary to the region containing the mutation site except for the
mutation site. In this manner, when a mismatch primer is allowed to be
present together, for example, the full-match primer is prevented from
hybridizing to the mismatch region in a template, which makes it possible to
30 perform amplification with higher specificity. The mismatch primer may
be, for example, an unlabeled primer or a labeled primer of the present
invention.
[Method of improving the specificity]
The present invention further includes a method of improving the
35  specificity of a primer to a target nucleic acid sequence. In a first
specificity improvement method of the present invention, a labeled primer
having a fluorescent atomic group of the present invention is used as the
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82 that are detected under different conditions, respectively. This nmakes
It possible to carry out quantitative analysis of a nutated DNA and a

wi | dtype DNA that are contained in a nucleic acid sanple. In the nutation
detection nethod of the present invention, in step 5 (a), at least two
types of primers of the present invention can be used, with the priners
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20 of the present invention and the mismatch primer are used in combination,

for example, the labeled full-match primer is prevented from hybridizing to
the mismatch region in a template and thereby the specificity of the labeled
full-match primer can be improved. Specific examples of the labeled
primer and the mismatch primer and the method of using the same are as
25  described above.
[Kit] |
A kit for nucleic acid amplification of the present invention is used
for a nucleic acid amplification method for amplifying a target nucleic acid
sequence, wherein the kit includes a primer or primer set of the present
30 invention. As long as the kit for nucleic acid amplification of the present
invention includes a primer or primer set of the present invention, for
example, other structures or the ratio of contents are not limited.
Furthermore, the nucleic acid amplification method that utilizes a kit for
nucleic acid amplification of the present invention is not limited. As
35 described above, it can be used, for example, for various isothermal
amplification methods and the PCR method.
A mutation detection kit of the present invention is used for a
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[ Met hod of inproving the specificity] The present invention further

includes a nethod of inproving the 35 specificity of a priner to a target

nucl eic acid sequence. In a first specificity inprovenent nethod of the

present invention, a labeled primer having a fluorescent atomic group of

the present invention is used as the 83 priner for anplifying the target
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kit for nuclei cTheikit farpiucléic atidampflifidasiopr zd bhe mﬁ@ﬁiqndiﬁtﬁgti%i‘ét
of the present invention further may include, for example, a nucleic acid
synthesis unit and a fluorescence intensity measurement unit. The nucleic
20 acid synthesis unit is not particularly limited and is, for example, a known
automated nucleic acid synthesizer. The fluorescence intensity
measurement unit also is not particularly limited and is, for example, a
known fluorescence measuring device.
[System] |
25 A nucleic acid amplification system of the present invention is a
nucleic acid amplification system for carrying out the nucleic acid
" amplification method of the present invention, wherein the nucleic acid
amplification system includes a reaction unit in which a nucleic acid
amplification reaction is carried out, a temperature control unit for
30 controlling temperature of the reaction unit, and a detection unit for
detecting fluorescence intensity in the reaction unit. Furthermore, a
mutation detection system of the present invention is a mutation detection
system for carrying out a mutation detection method of the present
invention, wherein the mutation detection system includes a reaction unit in
35  which a nucleic acid amplification reaction is carried out, a temperature
control unit for controlling temperature of the reaction unit, and a detection

unit for detecting fluorescence intensity in the reaction unit. These
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for a nucleic acid anplification nethod for anplifying a target nucleic
acid sequence, wherein the kit includes a priner or priner set of the
present 30 invention. As long as the kit for nucleic acid anplification of
the present invention includes a primer or prinmer set of the present
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it omat e PHRGEI e Biebled it I Y Grl B aataBlBPRU BB o et
uni t al soJiGEhditdpar Mhewoanpling donstaat Ghehlus) i ordieatadihérertz (Hz).
The chemical shift is indicated in ppm. Dimethylsulfoxide (6=2.48 in
20 1HNMR, 6=39.5 in 13CNMR) and methanol (6=3.30 in THNMR, 6=49.0 in
13CNMR) were used for internal standards. Fdr SIPNMR measurement,

H;3PO4 (6=0.00) was used as an external standard. The ESI mass spectrum

was measured using Bruker Daltonics APEC-II (trade name) available from
Bruker Daltonics. The automated DNA synthesizer used herein was 392

25 DNA/RNA synthesizer (trade name) available from Applied Biosystems. In
the reversed-phase HPLC, separation was carried out using Gilson
Chromatograph, Model 305 (trade name), an apparatus available from
Gilson, Inc. and CHEMCOBOND 5-ODS-H preparative column (trade name;
10 % 150 mm) available from Chemco Scientific Co., Litd. and detection was

30 carried out with a UV detector, Model 118 (trade name) at a wavelength of
260 nm. The mass of DNA was measured with MALDI-TOF MS. The
MALDI-TOF MS used herein was PerSeptive Voyager Elite (trade name)
available from Applied Biosystems. The mass was measured at an
accelerating voltage of 21 kV in a negative mode,

35 2,3,4-trihydroxyacetophenone was used as a matrix, and T8 (M.HI.
2370.61) and T17 (IM.H]. 5108.37) were used as internal standards. UV
and fluorescence spectrum were measured using a Shimadzu UV-2550

86



known fl uorescence nmeasuring device. [Systeml 25 A nucleic acid
anplification systemof the present inventionis a nucleic acid
anplification systemfor carrying out the nucleic acid anplification
met hod of the present invention, wherein the nucleic acid anplification
systemincludes a reaction unit in which a nucleic acid anplification
reaction is carried out, a tenperature control unit for 30 controlling
tenperature of the reaction unit, and a detection unit for detecting

L I ;Jor tG_SCe('ﬁQl@e ?mﬁ@ b(%tiﬁ]bphﬂtoiﬂb@erraﬁd@tmtm&m’lﬂ (traﬁuhmheyfmwresa:eﬂce mut ati on
etection sys e pr nvent i n is.a nutat ection tem
o o R e omtman ComottDn e deortSonGRe | on.
wher e: n tlli“teumgtv&tslnmasdecﬁ e@ﬂhlambnmastlﬁgh-lpeﬁbﬂﬁk&ﬁe afetmmljeoumﬂnmmta:rn 35 whi ch
a nucl.ei c_agi t o [ t

cont o e SR 1R Sy PRI u B bES Bped Bt “and s

det ect i onNanaliBD-08A (datearinia) gvdilabbyr fesn dRRIBAtIgdsi The meltinggpoia® of on uni t .
These 85 éo%%P &ah&gdtﬁx%/ ?é@g&d'{&?a! rﬁé&%r@@% 9§0W%B§1ﬁﬁ{ﬁ}%@@§hﬁéw Qr exanple, a

reagent SUppI f ea on unit and a

r eagent Sﬂmmg{gHerﬁJOﬁ ctﬁrﬁalnmgdlﬁ()ngl\/ft S‘véltme aksjlende, withethe dopledaublestisnd hods,

kits, an
userul | oSy 8k 5% RUCS A akérﬁfcﬂ#b8’2ahe@aﬁ@‘@@%ﬁ%éﬁs%@%ﬁwﬁiésve%e

ol | onsaiginel J50c RS R i iDREMEAEE AIC G wils being habn
exanpl es. ot HouR\R0,5°ENRinP" iR thd ﬁ%ﬁa&lb@mug ﬁbmedl it RferBrd it%ltshaol | owi ng

exanpl es. _I'n the description belaow, denot es ol i godeoxyri bonucl eoti de
(DNA ol i g’@ﬁb‘ﬁ}aﬂgﬂfW‘é‘”ﬁ@é‘ﬁél‘ﬁkeﬁéﬁﬁﬁm@ﬁgg%’&tB@hers] The reagents and

sol vents used hﬂ{eedb@o%ﬁ@n GEUSTRRAS KlableYcev@bperl®, and\EDyge@xsucci ni ni dyl
ester of biotin used herejn was one va| | able fr The silica
Gel for . PP 8 TG AULgetP el G PP R R S UM SO GRS Pur o
Chem pal ddiBlsdtfah@fin al300nM soliim pBEsphatebuBe MYRiors@EBL7I(Y) cortamimeb®ur ed with
JNM 2400 &M sodium %H%%dg \{Isali’llg g?rlleeas&r%%@nf] c%g'with an optical path length of 1 cm,
unless otherwise described.  The bandwidth of the excitation and fluorescence
emission was 1.5 nm. The fluorescence quantum yield (Og) was calculated based on
the quantum yield ®=0.95 of 9,10-diphenylanthracene in ethanol, using
20  9,10-diphenylanthracene as a control substance. The area of the emission spectrum
was calculated by integration carried out using instrumentation software. The
quantum yield (®g) was calculated by the following formula (1):
Drsy Orry=[ Acsy Awy] X[(Abs)ry(Abs)s) ¥ [ns) /ney’] (1)
where @y, is the fluorescence quantum yield of a sample, Org is the fluorescence
25  quantum yield of a control substance (Reference), As) is the area of the fluorescence
spectrum of the sample, Ag is the area of the fluorescence spectrum of the control
substance, (Abs)(s) is the optical density of the sample solution obtained at an excitation
wavelength, (Abs)g is the optical density of the control substance solution obtained at
an excitation wavelength, n(g) is the refractive index of the sample solution, ng is the
30 refractive index of the control substance solution, and calculation was carried out with
ngs=1.333 and ng=1.383.
[Intermediate Synthesis Examples 1 to 3]
According to the following Scheme 1, compounds 102 and 103 including two
active amino groups protected with trifluoroacetyl groups,
35
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(JCEL Ltd.). The coupling constant (J value) is indicated in hertz (Hz).
The chem cal shift is indicated in ppm D nethyl sul foxide (5=2.48 in 20
IHNVR, 5=39.5 in 13CNVR) and met hanol (5=3.30 in 1HNVR, 6=49.0 in 13CNWR)
were used for internal standards. For 31PNVR neasurenent, H3PO4 (6=0.00)
was used as an external standard. The ESI mass spectrum was neasured using
Br uker D@e’%é}tﬁﬁelﬁ%é syritheate drpiejucdd) dwd ferthee phoBphéemidate ddd cs. The
aut ormat ed i zer used herein was 392 25 DNA/ RNA synt hesi zer (trade
nane) avaW?%ﬁ’%'}i‘leﬁHr‘?ﬁAppl i ed Biosystens. In the reversed-phase HPLC,
separation was carried out using Glson Chromatograph, Mdel 305 (trade
nane), an apparatus available from G Ison, Incg and CHEMCOBOND 5- ODS-H

preparative colum (trade name; 10 x 150 nm i | abl e from Chento
Scientific Co., Ltd. and detection was 30 carfi edfout with a UV detector,
Model 118 (trade nanme) gat a wavel engt nm The matss of DNA was
measured W th D - TOk Mp. The MAL?E{TQZ\/ \]/s\ wais Per Septi ve
Voyager Elite rage Jham®) avail alfifg f fom™App i i BI os stgns. The mass was
nmeasured at an cel ing vBltage of 21 KV in a g #ode, 35

2',3 ,4" -trihydroXxy ophenone was used as a matrix, T8 ([MH].
2370.61) and T17 ([ . 5108.37) were used as inter naI tandards. UV and
fl uorescence spectpgm were neasured using a Shi madzu -2550 86 (trade

nane) spectrophotoneter and a RF-5300PC (trade nane) fluorescence

spect rophot omet er avdblabl e from Shi madzu Cor por 402 on, respectively.

Fl uorescence Ilifetinme was neasured with a conpact hi gh-performance
lifetime spectrofluoneter 5 system HORI BA JOBIN YVON Fl uoroCube (trade
nane) equi pped with NanoLED-05A (trade nane) aj\l abl e from HORI BA, Ltd.
The melting point (r) of double-stranded nucl ei id was neasured in a 50

nmM sodi um phosphate buffer solution (pH=7. 0) 1*ni ng 100 nM sodi um
chloride, with the final doublestrand oconce ratl being 2.5 M The
absor bance of the sanple was neastr ed 10Nwa 0 nm and was
traced in the range of 10C to 90C V\/nFFfse |ng heatHd at {a rete of
0.5C mn. Fromthe properties thus observed, the tajm whi ch a
first change occurred was taken as the mel ti ng point Tm e absorption
spectrum fluorescence spectrum and CD spectrum
Ho
103
X
HN™ TCF,
c 0 o o

104
Scheme 1

Scheme 1 — Reaction reagent and reaction conditions:
(a) (i) N-hydroxysuccinimide, EDC/DMF, (ii) tris(2-aminoethyl)-

88



measurenents were carried out at a strand concentration of 2.5 M (single
strand or 15 double strand) in a 50 nmM sodi um phosphate buffer solution
(pH=7.0) containing 100 mM sodi um chl ori de using a neasurenent cell with an
optical path length of 1 cm unless otherw se described. The bandw dt h of
the excitation and fluorescence emssion was 1.5 nm The fluorescence
quantumyield ((DF) was cal cul ated based on the quantumyield al >F=0.95 of
9, 10- di phenyl ant hracene in ethanol, using 20 9, 10-di phenyl ant hracene as a
control sahBlTHLN, hH Ge00H:, EQN; @)DMTarl/spdadef () was cal cul ated by

s SRR S oy RSB R Sl i b gt um i ef
I DF(s)/ oF(R) [AﬁBdiemé(lR)s]d&{oﬁhb&bél%(ﬁlﬁsﬂl(e%)d]atl{l"(s) I'n(R2] (1) where (DF(s)
S th% fl y|e%§§8$yg&£méﬁr%¥pﬁHds th%ﬂ??gg @(r) is the fluorescence

25 quantu a con substance ference) A(s) is the area of
t he fl uor2$2ENgebisghtetiuomacethmidmeetisd)ipl e, A(r) |s t he area of the

fl : j is th tical
densi by ofippeRERbEtEh A ERSHEDT [ Rory SRt AR BTIONY) o elength,
(Abs)(r) is théﬂmvﬂwﬁagﬂwéﬁgkﬁﬁ)éﬂZKﬁ¢m6EWﬂMUQ-§@@§N§W@@(§bnump@® obt ai ned
at an expo Apﬁﬁﬂﬁéﬁ%&?ﬁlﬁb%n@to??&nage&&ﬁ1@??:4%%0 V&0 %@’ésof‘hatt@@ fﬁfimf” e

sol uti on, refract ex of e cont I’O tance so UtIOI’]

and cHl cuTlamlldﬁ Idhdioxang wespddad tatihmeef pplladign acefalg (H) (FW22443) and
[ I ntermedjgse &&ﬁ}sﬂeﬁﬁ ﬁos%asaﬂmtﬂszdsz b9 3ld feder fi dg bptrietmzﬁﬁhkw Schene

1, conmpounds 102 an ncluding two a No groups pr ted with
trifluorobtetl = Bﬂgép‘gas %“Iﬂ %ﬂleff%%pe@ﬂlﬁ\‘/@s?f‘ tﬁi?‘%‘{n?mgpz%d %g?"otgﬁced) ,
and furt h%actm%aﬂ@hams@ha@ea%m malsﬁmxh@ai BleekisHifowal B4.Ogdf HOCC, , H

o Q\IA~~|_& N(F-I OXY- aS-lodoundme (FW 3'%'4 ?O) and 7.0 m]f‘ofmet(l?yl_iocrylate (F V{f 86.09,

15 d=0.956) that were suspended in 1,4-dioxane were added thereto. This was
heat-refluxed at 125°C for one hour. Thercafter, it was filtered while it was still hot,
the residue was washed with methanol, and then the filtrate was recovered. After the
solvent was evaporated from the filtrate under reduced pressure, the product thus
obtained was purified with a silica gel column (5-10% methanol/dichloromethane).

20  The solvent of the collected fraction was evaporated under reduced pressure, and the
residual white solid was dried under reduced pressure. About 100 mL of ultrapure
water was added to the dried solid, and 3.21 g of sodium hydroxide (FW 40.00) was
added thereto. This was stirred at 25°C throughout the night. Thereafter,
concentrated hydrochloric acid was added thereto to acidize the solution. The

25  precipitate thus produced was filtered, washed with ultrapure water, and then dried
under reduced pressure. Thus, 8.10 g (with a yield of 68%) of target compound
(Compound 101) was obtained as white powder. The white powder was confirmed to
be the target compound 101 since the 'HNMR measured value agreed with the reference
value. The BCNMR measured value is described below.

30 (E)-5-(2-carboxy vinyl)-2’-deoxyuridine (Compound101):
BCNMR(DMSO0-d6):8168.1, 161.8, 149.3, 143.5, 137.5, 117.8, 108.4, 87.6, 84.8, 69.7,
60.8, 40.1.

Next, 1.20 g of (E)-5-(2-carboxy vinyl)-2’-deoxyuridine 101 (with a molecular
weight of 298.25), 925 mg of N-hydroxysuccinimide (with a molecular weight of

35 115.09), and 1.54 gof
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\V -J/ HO 101 102 HNSCF3 b OCF3AN -- ~HI H HIli DMro- NO HOj~-J/
103 HN' CF3 ¢ 0 0 0 CFANN'-- NNH 3 HDMIrOO~O0 NplQ,,-,CN 104
Scheme 1 5 Schene 1 - Reaction reagent and reaction conditions: (a) (i)
N-hydroxysucci ni m de, EDC/ DMF, (ii) tris(2-am noethyl)- 88 am ne/ CH3CN,
(tii1) CF3COCEt, Et3N; (b) DMIrCl/pyridine; (c)

2- cyanoetlhydhyﬁg\kg\hhﬁ@fﬂﬁaﬁﬁﬁw@ﬁbrm&m GwiitHiat ®olebidewedgid e/ CH3CN.

Scheme 1 1S bed bél f d i .. . ' ' i
Beanpl e HOIMwese Blaged 1 A EeYER Mk SR PG SHERPE OB RIAOHL oS! ©
2_[na::]'([j):3; gﬂfh%lg?rglamgeﬂghegétﬂngn@i v@@wlhpnrsitﬂireé af @5tedond61oys. The

nas. synt sk eb R A et PANRPrrere ad Y HiT, Bt fReATRERCUTT D0N |
12 : lf;St ?le@ﬂarld@hndflﬁn fd dobulirep waswatktestetooaddal tigersto,puhichdvamtheet at e ’

71t oftirrertgaeNe (e RV EEY R el d ihies 180 mERE 12
heat ed angtsigureadatat wACaddéd, evhicheheneaas Washed|twicoin W& saManged from
reddi sh bzﬁg%e}'.o ’Phg%ﬂcﬁgit?&é)mas ﬂvf}o@uc%dovtras filtered, washed with
methylene chloride, and then dried under reduced pressure. The solvent
10 was evaporated from the filtrate, methylene chloride was added to the
precipitate thus produced, and the precipitate was then recovered in the
same manner as described above. The precipitates thus recovered were
collected and then suspended in 80 mL of acetonitrile. This was stirred
vigorously. Then 3.0 mL of tris(2-aminoethylamine (with a molecular
15 weight of 146.23, d=0.976) was added all at once, which further was stirred
at 25°C for 10 minutes. Thereafter, 4.8 mL of ethyl trifluorcacetate (with a
molecular weight of 142.08, d=1.194) was added and further 5.6 mL of
triethylamine (with a molecular weight of 101.19, d=0.7 26) was added
thereto, which was stirred at 25°C for three hours. The solvent was
20 evaporated and the product thus obtained was purified with a silica gel
column (5-10% MeOH/CH2Cls). The solvent was evaporated, the product
thus obtained was dissolved in a small amount of acetone, and ether was
then added thereto. As a result, white precipitate was produced. This
was filtered and then washed with ether. Thereafter, this was dried under
25 reduced pressure. Thus 884 mg (83.5%) of target substance (Compound
102) was obtained.

The same synthesis as described above was carried out except for
slight changes in the amounts of, for example, raw materials and solvents to
be used, the reaction time, and the steps to be taken. As a result, the yield

30 was improved up to 37%. That is, 597 mg (2.0 mmol) of (E)-5-(2-carboxy
vinyl)-2-deoxyuridine 101 (with a molecular weight of 298.25), 460 mg (4.0
mmol) of N-hydroxysuccinimide (with a molecular weight of 115.09), and
767 mg (4.0 mmol) of 1-ethyl-3-(3-dimethylaminopropyDcarbodiimide
hydrochloride (with a molecular weight of 191.70) were placed in a recovery

35 flask containing a stirring bar. Thereafter, 5.0 mL of DMF was added
thereto, which was stirred at 25°C for three hours. About 0.5 mlL of acetic
acid was added and 100 mL of methylene chloride and 100 mL of ultrapure
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2' -deoxy-5-iodouridine (FW354.10) and 7.0 nL of nethyl acrylate (FW 86. 09,
15 d=0.956) that were suspended in 1,4-di oxane were added thereto. This was
heat -refl uxed at 125C for one hour. Thereafter, it was filtered while it
was still hot, the residue was washed with nethanol, and then the filtrate
was recovered. After the sol vent was evaporated fromthe filtrate under
reduced pressure, t.h RIO t. .t hus ai_ned ,was.purif.i a,silica gel
ol . ( SaBLY RO B b AT ik ASgae ThY o thlsdr Bt o
fraction mﬁh«re&howah@tiwuhdrater; edubeddpedwrisr sxdueaiichredsere thesighowglthevhi t e
solid was e DI e r wat er
ves added by ¢ ALY RAay SHEEBIER I Rogtist ] SO SacBonthile AREEGAS"00) v
added t hestieted vighpuesiyasTheni 3.fedl (20 2501} ¢fitos@rounoethd)amiga(witlTher eaf t er,
Concen T aRelien Bl O 146 ACkth 70 PRl RERS fu boRe! hik it S Ut ! on.

The 25 precipitate oduced s filtere apure wat er ,

and then diFtedct sy 10 aosies pFheseaties, 4.5 mlsof ehylgrfuqrapgetata(Witled d of 68%)

of targetmgfeeﬂgw@l 1(6501019(0«3“@41@@4) WaSdebd Qﬁd‘ﬁﬁ'th@zss phirt 6‘4099-9{39%1‘ The white
powder was, conf |rrred be t he target conmpou 01 since the 1HNWR

measur ed Wigthytanyige &eérh wrtqlpcrl}ré wesg PERRE 1Y, \%OJ@G) Wﬁea‘i@@ﬂwtﬁe‘ﬂgﬁhed val ue
i's descripgdnbe lstﬁ’féd ﬁQsé@roﬁﬁ(H%m@@r e oKieRY Was &a: 5&%@@%& itled ABduct

Co d10 ds) 168 1, 161, 7.5, 117.8,
(1_osnpoun g Sogaind wgs porTicagith s £¢1 (glﬁ‘%& GRUCECRY Har boxy
KL R%IZ oiysmsu Cf(?]vlus bﬁpﬁﬁ\ll;mékﬂﬁhe(pirbdd’tt mljllrgra@?aﬁmdidafﬁs dgs;sbmaa 104 sA98 aﬂlﬁilntcﬁ254ng 81]:
et nyicetohe it s ShirdPO B StEn BSar P ae e PR iR P dFller oh
of 191 TDhis wes @ltpicd aad thern veashed:whremefl adBkereafter ahrsrwsg dm'aémndasrrra@xcbdr and
20 O;%'(%)slrl\]é{ﬁremsfhﬁg Q%ﬂ gﬁ?ﬁ‘?igf f S‘r}b 8E¢§mpc§r%nd I&gwggagége fOlr met hyl ene

hour s. nLof “ac 0 an
5 chl Gri dehitapbvwido. nih@ﬁlsmmamplmlmale\ralmm Cadypednd he? aeondivdiedh was t hen

stirred vg,eg&(,ouleﬁ% J‘ﬁiw\ﬂﬁ‘%ﬁ&‘?ﬁgﬁfﬂ% §h%%vg%lé”§i further 100 nL of

ul trapure water Was was washed tw ce in the sane nmanner.
The precipl2-BV& “bis(Pstrifluothacetamidestini ravieesthyAtsthathoi-()-vime) Ry deereyur
chlori de,jgaR¢ch qu“@? under reduced pressure The sol vent 10 vvas

evapor at ed from he f1| t hyl ene _chl ori d added_t
HNMR(CD;0D): 88. 35 (s 1H) 7.22(d, J=15.6Hz, 1H), 704 (d J=15. 6Hz lH) 626 (t,

20  J=6.6Hz, 1H), 4.44-4.41 (m, 1H), 3.96-3.94 (m, 1H), 3.84 (dd, J=12.2, 2.9Hz, 1H), 3.76
(dd, J=12.2, 3.4Hz, 1H), 3.37-3.30 (m, 6H), 2.72-2.66 (m, 6H), 2.38-2.23 (m,
2H).BCNMR(CD;0D): $169.3, 163.7, 159.1 (q,J=36.4Hz), 151.2, 143.8, 134.3, 122.0,
117.5 (q,J=286Hz), 110.9, 89.1, 87.0, 71.9, 62.5, 54.4, 53.9, 41.7, 38.9, 38.7. HRMS
(ESI) caled for CpoHaoFsNgOs ([M+H]) 619.1951, found 619.1943.

25  [Intermediate Synthesis Example 2: Synthesis of
57-0-DMTr-(2- 2-[N,N-bis(2-trifluoroacetamidoethyl)]-aminoethyl jcarbamoyl-(E)-viny
1)-2’-deoxyuridine (Compound 103)]

5’-hydroxy group of Compound 102 was protected with a DMTr group. Thus
Compound 103 was obtained. That is, first, 618 mg of Compound 102 (with a
30  molecular weight of 618.48) and 373 mg of 4,4’ -dimethoxytritylchloride (with a
molecular weight of 338.83) were placed in a recovery flask containing a stirring bar.
Then 10 mL of pyridine was added thereto, which was stirred at 25°C for 16 hours. A

small amount of

35
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precipitate thus produced, and the precipitate was then recovered in the
sane manner as descri bed above. The precipitates thus recovered were

coll ected and then suspended in 80 nL of acetonitrile. This was stirred
vigorously. Then 3.0 nL of tris(2-am noethyl)am ne (wth a nolecular 15

wei ght of 146.23, d=0. 976) was added all at once, which further was stirred

at 25C for 10 mn eaf f acet te(vmtha
ol ecul ar "EEF 3 MOl s eqalyehtnss haBoufie iy bR SRaH
tri et hyl apurified withh sahcmgebm]hmn (MWgMe(n{ YO Et; NOCHEE). 7 Zthe smhzemaffdbed

t her et o, t 25C for. Lhree h )
bvanor of ol ARiRha IcSerelt cafpodnd 1o Wity iR ERE (R8T 0,

col urm (SOﬂQ%MMaﬁBQ@@poﬁﬂdOébWﬂemtamm elizpostatrechtaltanelyaicaduabkes t hus
obt ah%fgex\e@oﬂbaﬁﬂ' 1‘0@%«% ﬁiﬁaﬁaﬂ%eiov@m’éﬂ?{h fa 12680 S ect Cgﬁ%i‘s‘g%%tshe”

adde recl ate was pro
filtered and then vvashed with et herln Beafter, this was dried under 25

reduced pgeSSHG - I (1&9{‘??)‘-’% 102
was obt a%géd Th é(%gyniNgﬁﬁlts gffg%g%%tggﬁﬁ be}gﬂaaggggéﬁﬁgg%arrl ed ‘out exce|)ot
for slight 'éﬁ%i@‘é@mer{cpmoﬁ%mﬁ)s of, for exanple, raw materials and

sol vents ltHNMlReﬁOD_z,eﬂ)) B'h?l (se@Ht)'m V'lﬁm ang, 7@@((§QEP§GHQ 128, égggtpmml ) of

|t to 37%
s SR A 75 b S P 6 b 11 -3t G0
298. 25), @6QHYD3.68 (9 cHY™B)- 3@& (th BqurznwwsC(hﬂsm) dead widdhy-a3rbkecul ar

ht 5.
eyt P on2ati e a8 os & AR R IR IR 168 8, 3T G KO i h a
mol ecul arJ=\36|9@hD 1ofl. (11.946 7,0])43\1@,1"167.]0L md, 134, l@lBBQQVBﬂ)A63529 EaﬂS.QQOnt ai ni ng a

Sty ea e B 0s TR B vrdi e e G o e toR S sl P Fl s e haed ana

100 M5 of S3tdiyl, 8RS, BRhbOHRMS @ifl) d0ad foir CafHuF NS M+1H0) 921t 358aued added

t her et o, iﬂ% was stirred vigorously. The precipitate thus produced was
Wwas

filtered, ed with water, and then dried under reduced pressure
throughodﬂntﬁmi@edlatc §]9mthe§l“$15xmvelslll3t Sythests ¢ie5’ r@IIMTe- (e [Nhépended in 50 nL

f t 3 | f
trie(o- 2%1%(%;41&;1?%”&*&51“@%?@} kiRoUn A aks | er) N2 3 thlribif 0L o
added t het dfbcwnoethyl)dhe

diigpprenyd lipliasphoramidite (Compound 104)]
20 First, 188 mg (0.20 mmol) of Compound 103 (with a molecular weight of

920.85) was allowed to form an azeotrope with CH3;CN, and 28.6 mg (0.40 mmol) of
1H-tetrazole (with a molecular weight of 70.05) was added thereto. This was
vacuum-dried with a vacuum pump overnight. Then, 5.1 mL of CH3;CN was added
thereto and thereby the product thus dried was dissolved therein, which was then stirred.

25  Thereafter, 194 pL (0.60 mmol) of
2-cyanoethylN,N,N’,N’-tetraisopropylphosphoramidite (with a molecular weight of
301.41, d=0.949) was then added thereto all at once, which was stirred at 25°C for two
hours. After that, a mixture of 50 mL of ethyl acetate and 50 mL of saturated sodium
bicarbonate water was added thereto, and liquid separation was carried out.  After the

30  organic layer thus obtained was washed with saturated saline, it was dried with
magnesium sulfate. The magnesium sulfate was removed by filtration, and the solvent
was then evaporated. The crude product obtained by this liquid separation was
allowed to form an azeotrope with CH;CN. Thereafter, assuming that the product
(Compound 104) was obtained with a yield of 100%, 0.1 M of

35
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stirred at 25C for 10 mnutes. Thereafter, 4.8 nL of ethyl trifluoroacetate
(with a nolecular weight of 142.08, d=1.194) was added and further 5.6 nL
(40 mmol ) of triethylamne (with a nolecular weight of 101.19, d=0.726)
was added thereto, which was then stirred at 25C for 16 hours. The sol vent
was evaporated and the product 10 thus obtained was purified with a silica
gel colu 10% MeOH/ CH2C12) . . The was., evap d,, the product
Phus. obt o HeCN Ut S Prpg g Wraste Sl SRR LIRS s ot her v
t hen adde@ombeurslt 4 had bacn elstaintd wak corefirpred dhgm f'MM@DﬂiQdud SRMSThi s was
filtered then she It hqet her. .Ther.eaft was dried under
reduced %&gggﬂ%%ﬁgg‘%&\é\% gaie(v E’%‘&%’f Q(fg}:eg1 gﬁﬁi’?@%e (Conmpound 102) was
obt ai ned @empéunthi®e powder. The instrunental anal yt| caI val ues of Conpound
102 are in I shown in
Flc 2. 2 @Eﬂij CE% 5 65 0 BRMETT RS o S AR

V,

car bamoy! d H9I1)433 -tk A21.4348i ne (Corrpound 102): HNI\/R(CDSCD): 58. 35

s, 1 7 1H), 6.26 (t, 20
125 b, T de SYRGERE Exdble 4f PR blfsorfarmfibs) 1% e, (551072,
2.9Hz, 1H), 3.76 (dd, 9=12.2, 3.411z, 1H), 3.37-3.30 (m 6H), 2.72-2.66
(m 6H), 2.38-2.23 (ny2ef. 13CNVR(CD30D): 51609. 3%&63 7, 159.1

(q,J=36.4Hz), 151.2, *43. & 134 3, 122.0, 117.5[(q, J}286Hz), 110.9, 89.1,
87.0, 71.9, 625&5\/%/\@%/*7 38.9, 38n7HRVB )cal ed for
C22H29F6N608 fFMFQ-I] +) 619 195| ,h;ound 619. 1943. 25 pdanber foat e Synt hesi s
Exampl e 2: Synthesis of ™™ —

5 -ODMIr-(2-[2-[ N, N-bi s(2-trifl uoroacet an doet hyl )] -amgznoet hyl | car banoy! - (
E)-viny 1)-2'-deoxyuri dIB ‘{Corrpound 103)] 5'-hydroxyogréup of Conpound
102 was protected with a ro@% p. Thus Conpound 103owas obtai ned. That
is, first, 618 ng of Corrp 102 (with a 30 nol ecul ar wei ght of 618. 48)
and 373 ng of 4,4'-dinethoxytritylchloride (wth a nolggular weight of
338.83) were placed in a réCbvery flask containing a stirring bar. Then 10
mL of pyridine was added thereto, which was stirred at 25C for 16 hours. A
smal | anmobunt of 35 91 water was addéﬂthemeﬂeto t he sol vent was evaporat ed,
and t pr oduct I (2-4%
Voo, Tod £t any GpCT DN RE DRE OB S it bt Wl i B Sl DR AT et
Conpound UsOE Gmp@mwam@cpamwt b33 conygitiong rpegphoramidite method

(DMTr OFF) on a 1 pmol scale. Thus DNA oligomer with a sequence of
5"-d(CGCAATXTAACGC)-3" (13-mer, the structure of X is the same as that of
Chemical Formula 105) (SEQ ID NO. 1) was synthesized. Deprotection was carried

15  out with concentrated ammonia water (28 mass%) at 55°C for 16 hours. Ammonia
was volatilized with a speed vac, and the product thus obtained was passed through a
0.45-um filter. Thereafter, DNA oligomer cut out therefrom was analyzed by
reversed-phase HPLC, the peak that had appeared after about 10.5 minutes was purified
(CHEMCOBOND 5-ODS-H (trade name); 10 x 150 mm, 3 mL/min, 5-30% CH;CN/50

20  mM TEAA buffer pH 7 (20 minutes), detected at 260 nm). The molecular weight of
the product thus purified was measured with a MALDI TOF mass spectrometer in its
negative mode. As a result, it was confirmed that the product had the molecular
weight (4102.8, which was a value calculated in terms of Ci34H;76Ns52076P12) expected
from the aforementioned sequence of 5’-d(CGCAATXTAACGC)-3" (13-mer, the

25  structure of X is as shown in Chemical Formula 105) ((M—H] measured value: 4101.9,
calculated value: 4101.8). FIG. 4 shows the spectrum
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of target substance (Conpound 103) was obtai ned. The instrunental

anal ytical values 5 of Conpound 103 are indicated below. Further, a'" HNWR
spectrumdiagramis shown in FIG 3.
5'-O-DMIr-(2-[2-[ N, N-bi s(2-trifluoroacetam doet hyl)]-am noet hyl ]

carbanoyl - (E)-viny 1)-2'-deoxyuridine (Conmpound 103): 'HNWR (CD3OD): 67.91
(s, 1H, 7.39-7.11 (m 9H), 7.02 (d, J=15.6Hz, 1H), 6.93 (d, 10 J=15.6Hz,
1H), 6.80-6.78 (m 411), 6.17 (t, J=6.6Hz, 1H), 4.38-4.35 (m 1H),

4. 06- 4. O4obtgimed Sih th8MBI HETOB)ass SpedBodhe? (Mm 8H), 2.66-2.55 (m 6H),

ddd,
S168. (, 163J713§%8‘ b ngégég%ﬁf?‘%"z@li a32“?‘?'5f(1ﬁ'](9 S}rggfgrel%%lh??(scgs‘?f% 0,
136. 9, 13ih Thentigd Foanulad 051 6as $2ehedized 28the sam&ﬁ&nﬁe;r ab2Rs@ibed dBo ( q,
2
513, i hostifyediidie ooty Colu ol iy
921. 3258, 5¥°61fieri4 hoprs ag@ 68 they ph2 s dil @heursythe hesiestr@icmgfthe BEABynt hesi s of
S' - O DMIT ﬁ@th&l%mﬁd% A&etaké) %g?ref gﬁi JY)L\QzEsQ?P% e Pevetddd phbse @P1.E OfTaHe |

car banoyl - f@ﬁl oxyurid
- [ (2- cydav Wp? tupmms & lieéssépwyuyef ipthespvesicdrahase BPLEo mdbueeverga) | 20

F' t, 1 f
First, %N%cﬁgta%@n@waou% rRERAIADy KR nfithl mnﬁlé%qbgmh%amﬁg 'a% 20f |

form. an %éfot r%i , .

mol ) 1of TAfHRatErR af%% QP NAndicaed v [able lm@m %ﬂizeﬁon ¢ sagednaEge d
t Percﬁlg CC):N Thi s Viasrderas ldbt@hﬁiiﬁlbﬁg: Minténtaativa ©8 BABhIMNA tﬁﬁﬁiﬁﬂ%@ﬁzed Haep, 5.1 nL
o] wa and there uct thus drie
di ssol vedPTHE ﬁfﬁg i A ST of £ Shover I8 PR st ol mtfwa’f'a( 0. 60
mTF| ) Iof Akaljraphesphgtabl (‘iOl\Ul,nﬁL)- éﬁk{e akssp Hapyph bﬂx@ﬁtgll‘agé @()glsiUhﬁLL whd b1 a
nol ecul ar en .adde t e al, once,
o ecu et iSOl e I AR I HBLG 0 e o
et hyl 15ac ea @HEMOGOBENDG- @DS-S}&(twdahmdle};odumm(Mﬁpcw(bmnat e lmailiseanalyais, added
t her et o, i t f 3 garic | ayer
thus. obt o oA Teadk GLERRRM HR2aEE e bRkt Ao bt 1R o ThE
magnesi ungosaériteation of the DM@H%&MMSf@B@M@MWthlmd a;srcamparesi and the
sol vent yage hRMENARR hfhrd TGS UAfiREAMC icoh this Iiquid
separation V\?a% ﬁ% Iﬁ%gr M an azeotr oge Wt h W %er eafter,
assuni ng eogentxaen pf eavhof wf(l@ow*pb%@M04)Fuwa@nme,ahm8@msmﬂaeamyd &t d of
100%200. 1d¥tredIBovRalso was identified with a MALDI TOF mass spectrum. The mass

spectrometry values thereof are indicated below, where [105] denotes that the nucleotide

represented by Chemical Formula 105 is inserted in that site.

CGCAAT[105]TAACGC, caled for Cy34H77N5:076P12 ((M+H]") 4103.8, found 4107.0;

TTTTTT[IOS]TTTTTT, caled for C133H137N3009@P|2 ([M + H]+) 4077.8, found 40769,

25  TGAAGGGCTT[105]TGAACTCTG, caled for CapsHassN770122P 1 ([M+H]Y) 6348.2,

found 6348.7;

GCCTCCT[105]CAGCAAATCC[105]ACCGGCGTG, caled for CagsHa7N1980160P27

([M+H]") 8855.0, found 8854.8;

CCTCCCAAG[IOS]GCTGGGAT[IOS]AAAGGCGTG, caled for C239H376N1160168P27

30 ([M+HT") 8999.1, found 9002.2.
[Example 1: Biotin modification of DNA oligomer containing nucleotide having two

amino groups|]
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CH3CN sol ution was prepared and was used for DNA synthesis. The fact that
Conmpound 104 had been obtai ned was confirnmed from 31PNMR (CDC13) and HRMVS
(ESI') of the crude product. The val ues thereof are indicated bel ow
Conmpound 104: 5 31PNMR (CDC13) 6 149.686, 149.430; HRMS (ESI) calcd for
C52H64F6NSOL1P ([ M+H]) 1121.4336, found 1121.4342. [Internedi ate Synthesis
Exanpl e 4: DNA oligonmer synthesis] OHN'"CF, NH /I fJ OOOO Il NH
HN-~/N/~NNH / NH HHHDNA-ON~10 DNIttOIN OO /P.0~/CN 07-CH

/1NN DNA 104 105 Schenme 2 10 The synthesis of oligodegoxyribonucleotide
with an automated DNA synt hesi zer using Conpound 104 WAS carried out by a
conventional phosphoram dite nethod (DMIr OFF) on Y¥ol scal e. Thus DNA
oligoner with a seguence of 5'-d(CGCAATXTAACGC)-3" (I13-ner, the structure
of Xis the sane-as t.that gf Chem cal Fornula 105) (SEHQ ID NO 1) was

synt hesi zed. LOtedy | carried 15 out with concentrated ammoni a

wat er (28 nl§s% at #55C florl 16 hours. Ammonia was vol@tblized with a speed
vac, and the productthysjobtained was passed through-a Q 45-mfilter.
Thereafter, DNA oligone ut out thergiogm wa nalyzed-.b eVler sed- phase

HPLC, the peak that hadi appeared aft e U710, 8 m nut ed was ipufified

( CHEMCOBOND 5- ODS- H ( ErigBfe nane}:-_10 x mm 3 L/ m n, PNS= CN/ 50 20
mM TEAA buffer pH 7 (20 m nutes)detected at 260 nnm). The | gcul ar wei ght

Of DNA

o]

106 :

105 4
|
D

Scheme 3

The synthesized DNA oligomer 5°-d(CGCAATXTAACGC)-3’ (the structure
5  of X is the same as that in 105) was allowed to react with N-hydroxysuccinimidyl ester
of biotin and thereby two amino groups were labeled with two 2 biotins (Scheme 3
shown above). That is, first, 30 uL of 5°-d(CGCAATXTAACGC)-3’ (Compound 105,
with a strand concentration of 320 uM), 10 pL of Na,CO4/NaHCO; buffer (1 M, pH
9.0), and 60 pL of H,O were mixed together. Then 100 pL of biotin
10  N-hydroxysuccinimidyl ester DMF solution (20 mM) was added thereto, which was
then mixed well. This was allowed to stand still at 25°C for 16 hours. Thereafter,
800 pL of H,0 was added thereto, which was passed through a 0.45-pm filter. The
peak appeared in reversed-phase HPLC after about 14 minutes was purified
(CHEMCOBOND 5-ODS-H 10 % 150 mm, 3 mL/min, 5-30% CH;CN/50 mM TEAA
15 buffer (20 minutes), detected at 260 nm). The product obtained by this HPLC
purification was measured with the MALDI TOF mass spectrometer in its negative
mode. As aresult, the peak was observed at 4554.3. This peak value agreed with the
calculated value of [M—H] , 4554.4, determined from the molecular weight of 4555.4 (a
value calculated in terms of C154H204Ns56030P 1252) of the target product 106 in which
20  two biotin molecules reacted with two amino groups. FIG. 5 shows the spectrum
obtained with the MALDI TOF mass spectrometer.
Using this compound 106 (in a single-stranded state), double-stranded DNA

and RNA were synthesized, and the fluorescence intensity obtained in
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the product thus purified was neasured with a MALDI TOF mass spectroneter
inits negative node. As a result, it was confirned that the product had
t he nol ecul ar weight (4102.8, which was a value calculated in terns of
C134H176N52076P12) expected fromthe aforenentioned sequence of

5' - d( CGCAATXTAACKC) - 3' (13 mer, the 25 structure of X is as shown in

Chem cal For a. 10 M nmeasur,ed .va cal cul at ed val ue:
w101 oy EREM stk b v@ﬁé&ﬂ?&%ﬁd 58 8 phiFined Hoiedton NESAALSE T o
spectr orreAelaredﬁit[ it v poﬁmtbﬁmﬂifdkém(a &his{idi3 ofrthie, fliobsdcaice WNAIr e of X
is as sho i For nth Si ze n _th Bnner as
vesori boddlzomd EBERLERrommitA) T8 sifeRd I R sEte- 1Pl e R e
concentr asste:dlgaf‘mmmspalcwannssumtwasﬁcﬁﬂ}uhcﬂ wheri dorsaedracd dublet Hebix togeti®Rs@ifthor 16

hour s, th he TEAA (triethylam ne acetate) buffer (pH 7)
was O. 51 F @h%@ré}rl%%r sedgg(ﬁgse HPLC, and the devel opnent tinme was at

| east 30 m nut eln Examphes 2@@%@&6{%&8@ Epunmples\basby described lEElWV(foont ai ni ng

| eotid 10

s or i al bt SR SRR Se ARTHIA O bR HE SuRprsa 10 TaY
manner . Yepresenied by Blecf@kl@mg rlemjsal @@ﬁé@ﬁtbr@fiuwreﬁmb@wwmmwew

synt hesi Zﬁ.@lvat%é‘ég‘N-beﬁsﬁ&n%ﬁé@%ﬁb&%%ﬁl@@e@ %ﬁ&tvﬁlﬂyDﬁ_A Sinfontyer 16

hour s u5| testinal . al kaline phoc_[%élat ase ),. snake venom
phosprdl L&i@t@@ haying aetiye aging gpupsud §§%‘1‘(‘§G’11!8Pﬂﬂl‘)130trflﬁ% di gest ed
l'i qui ds tMr@&@EMMgmmﬁhM@ﬂWeﬁBh& Werehprdfarad. CHENOBEMIuS- ODS- H

(b ccn SEboa s b et AT ol VS PRy Gt ot bR 70

concentr admeomoflfer trhiengahlof &w‘rhéthylleﬁeﬁnlaéf eda-&déd hed aabe\wediatediiker M ned as
conpar ed eak. area of ar, lutl ntai ni ng dA, .dC, dQ
and T e AR AP et udndRe B RRR Stk TR (S ETRORIT | he DA
synt h&si zeg afdhe %mieﬁuorebmlcamohgmemmﬂuordmna:a‘]i)hm prithérsy itvddsDl  TOF

rRSe SPeChiflc J05aESyc RELLANEL U B8 ALBC S el A bl o

105 i s i myenersnditp obfaiit stwing dluoGEGART et iE OhAAHBmx fcumed(a dogble helix

tor cussREAREOSTTIi ds 993“" AR Rorgh EEeAROlid b 8l o0

TGAAGGGCTS sy traimdmivcaathd themambep oS BERPOTR2P19 ([ MEH] +) 6348. 2,
f ound 6348. 7 GCCTCCT[ 105] CAGCAAATCC] 105] ACOGGCGTQ cal cd f or

C285H376N1080169P27
[HOH
Cgp Gp %@

20

[Example 2: Synthesis of compound having, in one molecule, structures derived from

thiazole orange in two places]

25
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([ M+H] +) 8855.0, found 8854.8; CCTCCCAAJF 105] GCTGGEGAT[ 105] AAAGCCGTQ cal cd
for C289H376N1160168P27 30 ([ M+H] +) 8999.1, found 9002.2. [Exanple 1:
Biotin nodification of DNA oligonmer containing nucleotide having two am no
groups] 35 94 H NYONH 5H DO HzN\ N/_H NH DNA-01 NO HIN O j\i-"I~f]j
ONOOO Oyl / H H\-\\ HHNO=P-OH5 DNA ON-O DNA O 106 1 O=P-CH
105 01 DNA Schene 3 The synthesized DNA ol i goner 5'-d(CGCAATXTAACCO) - 3!
(the structure 5pc0f X is the same as that in ¥Q5) s allowed to react

wi th N-hydroxysuccinimdyl ester of biotin and tg‘gﬁgby two am no groups
were |abeled with two 2 biotins (Schenme 3 3 ve). That is, first, 30
L of 5 -d( TXTAACCO) - 3' ( Canpougd 10 'th a strand concentration of
320 M, 10 f [ NAHCEBMbUf f ee( 1 , and 60 L of H20O were
m xed toget her® 00 L of ghiotin 10 N—hydr OX ccinimdyl ester DV

solution (20 nmV added thereto, which was %\
Br 108

107 N
y

NH, \L/ \ ° ’Q
o
|\IINI \ N N Mooy i '
TN EEL L § H
HN R | /j§ ﬁ%lns @ DNA—O0—] 4 N’ko
DNA"ob buffer, DMF —b
O—EFOH
0=F—0H 110 '
DA
105 Em\

Scheme 4

As shown in Scheme 4, DNA oligomer (oligonucleotide) 110 was
5 synthesized that has, in one molecule, structures derived from thiazole
orange in two places. A more specific description follows.
The thiazole orange derivative 107 was synthesized as indicated
below in Scheme 5 with reference to Organic Letters 2000, 6, 517-519.
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then m xed well. This was allowed to stand still at 25C for 16 hours.
Thereafter, 800 gL of H20 was added thereto, which was passed through a
0.45-mfilter. The peak appeared in reversed-phase HPLC after about 14

m nutes was purified (CHEMCOBOND 5-ODS-H 10 x 150 mm 3 nL/mn, 5-30%
CH3CN 50 nmM TEAA 15 buffer (20 m nutes), detected at 260 nm. The product
obtained by this HPLC purification was neasured with the MALDI TOF mass
spectronet er S negative node. A sult, the peak was observed at
4554. 3. Thi malmemagre;y—vw | ¢ alcul ated value of [MH ,

4554. 4, det ersi n&d from t he"FdTEeul at*’ &l ght of 4555.4 (a val ue cal cul at ed
in terms of G 54H204N56080P12S2) of theltarget product 106 in which 20 two
biotin nolecules reacted with two am npj groups. FIG $ shows the spectrum
obtained with the MALDI TOF mass spectroneter. Using ty@i conpound 106 (in
a single-stranded state), double-stranded DNA and wer e synt hesi zed,
and the fluorescence intensity obtained in 25 95 thed single-stranded state
was conpared to that obtained indhe double-strandedgstate. As a result,
it was confirredNt hat the(flatyr\%?l;ence eni ss J{>_he f1 uor escence DNA

ol i goner (a )\"‘(Cd‘rrpé n ) Ohas suppressedsin the single-stranded
state, while~*stFong fluorescence emi ssion vvas obt ai ned when it forned a
doubl e helix together with 5 a conplenentary nurd eic acid. I n Exanples 2
to 12 and Reference Exanples 1 and 2 described bel ow, for exanple, dyes
such as thiazol e orange derivatives having carboxynet hyl ene_|inkers
represented by the fo ng chemcal fornulae b and ¢ were s%t hesi zed.
They were activated_-ds N hydroxysuccinic ester and were owed to react
wi th DNA oligonmer 1@ (oligonucleotide) having active ami-Ho groups. Thus

various ol i gonucl eot des (fluoresce ce | i gonpgs)yhaving fluorescence
wer e prepare \ varjousf nuc pdes uo ce DNA
ol i goners) oduced that e A feretst»tzclz;c rom s ang n | ength of

t he met hyl ene |inker extended fro|rrt -dye and in the Ilnke aining the
am no group extended fromthe 5- p05|t| on of thym dine; T Nestslt, in 15
any of the varild@s fl uorescence DNM ol i goners (fl uorelsQ,Jence bNA prinmers),
it was possible to suppress the fI uorescence em ssion of the

singl e-stranded DNA fl uorescence and to obtain strong fluorescence
em ssion when it formed a double he get her with a conpl enentary
nucleic acid. In the foll ow ng Chem caI Formula b and ¢, n denotes the

linker | epgtdyithB&is MRS etRl14hiR61iREA i8Rk (Compound 111)
5 N-methylquinolinium iodide (Compound 111) was synthesized

according to the description in the aforementioned reference. Specifically,
2.4 mL of quinoline and 4 mL of methyl iodide were added to 42 mL of
anhydrous dioxane, which was stirred at 150°C for one hour. Thereafter, it
was filtered and thereby a precipitate was collected and then washed with
10  ether and petroleum ether. This was dried and thus N-methylquinolinium
iodide (Compound 111) was obtained.
(2) Synthesis of 3-(4-carboxybutyl)-2-methylbenzothiazolium bromide
(Compound 112)
First, 8 mL of 2-methylbenzothiazole (FW 149.21, d=1.173) and 2.4 g
15  of 5-bromovaleric acid (5-bromopentanoic acid) (FW 181.03) were stirred at
110°C for 16 hours. The crude product was cooled to room temperature and
a solid thus produced was suspended in 20 mL of methanol and further 40
mL of ether was added thereto. The precipitate thus produced was filtered
and then washed with dioxane until the odor of 2-methylbenzothiazole was
20 removed. This further was washed with ether and then dried under
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0 1SN-NO20abc" on [Exanple 2: Synthesis of compound having, in
one nol ecul e, structures derived from thiazole orange in tw places] 25

30 96\O\O/S--~+HONC]VFI/S-p ry + N\b Br \ 108 109 N 107 O NH
NHs \/ 11 NHH NNNS3El~le L'h HI] @tns DNA-O N O DNA-O "~ NO
buffer, DM / \J/-""J~l 0=P -OH O0=P-CH 110 q q DNA 105 DNA Schene 4

reduced pressure. Thus 9.8 g of white powder was obtained. Thereafter,
IHNMR of this white powder was measured. As a result, it was found to be
a mixture of 3-(4-carboxybutyl)-2-methylbenzothiazolium bromide
(Compound 112), which was the target substance whose 2-position had been
5 alkylated, and 3-(4-carboxybutyl)-benzothiazolium bromide whose 2-position
had not been alkylated. The peak ratio of proton was non-alkylated:
alkylated = 10 : 3. This crude product was used for the next reaction
without further being treated.
(3) Synthesis of 1-methyl-4-[{3-(4-carboxybutyD)-2(3H)-benzothiazolylidene}
10 methyllquinolinium bromide (Compound 107)

First, 2.18 g of crude product containing
3-(4-carboxybutyl)-2-methylbenzothiazolium bromide (Compound 112)
obtained in (2) above and 700 mg of N-methylquinolinium iodide (Compound
111) (FW 271.10) were stirred in 10 mL of methylene chloride at 25°C for

15  two hours in the presence of 3.6 mL of triethylamine (FW 101.19, d=0.726).
Thereafter, 50 mL of ether was added thereto and a precipitate produced
thereby was filtered, washed with ether, and then dried under reduced
pressure. The precipitate was suspended in 50 mL of ultrapure water,
which was filtered, washed with ultrapure water, and then dried under

20  reduced pressure. Further, the precipitate was dispersed in 50 mL of
acetonitrile, which was filtered, washed with acetonitrile, and then dried
under reduced pressure. Thus 307.5 mg of red powder was obtained (with
a yield of 25.3%). This red powder was confirmed to be the target
substance (Compound 107) through a comparison in tHNMR spectrum with

25  the reference value.

Moreover, it also was possible to synthesize
3-(4-carboxybutyl)-2-methylbenzothiazolium bromide (Compound 112) and
1-methyl-4-[{3-(4-carboxybuty))-2(3H)-
benzothiazolylidene}methyllquinolinium bromide (Compound 107) as follows.

30 That is, first, 11.7 mL (92 mmol) of 2-methylbenzothiazole (FW 149.21,
d=1.173) and 13.7 g (76 mmo)) of 5-bromovaleric acid (5-bromopentanoic
acid) (FW 181.03) were stirred at 150°C for one hour. The crude product
was cooled to room temperature and the solid thus produced was suspended
in 50 mL of methanol. Further, 200 mL of ether was added thereto. The

35 precipitate thus produced was filtered, washed with ether, and then dried
under reduced pressure. Thus 19.2 g of light purple powder was obtained.
This powder was a mixture of a target compound 112
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As shown in Scheme 4, DNA oligonmer (oligonucleotide) 110 was 5 synthesi zed
that has, in one nolecule, structures derived fromthiazole orange in two
pl aces. A nore specific description follows. The thiazole orange derivative
107 was synthesized as indicated belowin Schenme 5 with reference to

Organic Letters 2000, 6, 517-519. 97 + Mel N/ N/ 1,4-dioxane + 111 0 OH
A Y0\ Ns- (BFcé\rbbbzybu@ﬂ)'z*m@‘mﬂlbeﬁzbthiazﬁlmnSbrdﬂﬁ’d@a’ﬂdr fl-OH 0: NBr \ \

Et N S~ CI Z 2 111 .1 f
N et ny! Ry frarerbiaedie ity s MRS Eectrd 1 iRANARECLS ©

(fCorrpounduiI)]MS@dG)smetalaasemeﬂt aatd:dlejym@;d bﬁthmeamt coimpouod 112 whe

af orenentj e o ' '

met hyl i ot ?(ﬂdeg\y\é/e(ﬂeo éggc%z ggﬁ‘)ggﬁ’%‘efﬁd%}& ydr eﬂé @%8%231%81&%? sti rred
at 156C fmmakomeSSopm (@hevedifram thettargetecompousdd12hand kbe pbgk at 8.0

b eCt PI L 3hin M350 165h ARl RO MASHSH, nolffe,n&ﬂeset "PhisAAtkReLT Ol eum

et her. nd thu I nium nmpound 111)
was obt ailmeade ppodwghwiaegiseddpr the neéfamﬁy%mwwh)ouﬂ sipnpdiedot Alazol i um

bromi de tﬁl@%ﬁgﬂé’ ﬂgaﬁ!ﬂe%) ad Hés%glbeﬁ a[ﬂﬂv‘éfe)%eﬁ?fﬁ% RZ-PBnd7letid 4 149. 21,

d=1.173 ronoval eric acid (5-bronppentanoi.c acid FW
181. 03) ) V(ér}g'omcppqa;gng;c amd was replaced with 4- bro(mobutyrlcpacu& ) (

10 (4-bromobutanoic acid), 3-(4-carboxypropyl)-2-methylbenzothiazolium
bromide with a linker {(a polymethylene chain linked to a carboxyl group)
having a carbon number n of 3 was synthesized, which was cbtained with a
yield of 4%. Furthermore, in the same manner as described above except
that 5-bromovaleric acid (5-bromopentanoic acid) was replaced with

15  6-bromohexancic acid, 3-(4-carboxypentyl)-2-methylbenzothiazolium
bromide with a linker (a polymethylene chain linked to a carboxyl group)
having a carbon number n of 5 was synthesized, which was obtained with a
yield of 35%. Moreover, in the same manner as described above except that
5-bromovaleric acid (5-bromopentanoic acid) was replaced with

20 7-bromoheptanoic acid, 3-(4-carboxypropyl)-2-methylbenzothiazolium
bromide with a linker (a polymethylene chain linked to a carboxyl group)
having a carbon number n of 6 was synthesized, which was obtained with a
yield of 22%.

Next, 1.36 g (5.0 mmol) of N-methylquinolinium iodide (Compound

25 111) (FW 271.10), 7.0 mL (50 mmol) of triethylamine (FW 101.19, d=0.726),
and 100 mL of methylene chloride were added to 3.24 g of mixture (crude
product) containing Compound 112
(3-(4-carboxybutyl)-2-methylbenzothiazolium bromide) and
2-methylbenzothiazolium bromide. As a result, a transparent solution was

30 obtained. This solution was stirred at 25°C for 16 hours. Thereafter, the
solvent was evaporated under reduced pressure. Acetone (200 mL) was
then added to the residue and the precipitate obtained thereby was filtered,
which then was washed with acetone. The residue thus obtained was dried
under reduced pressure, and the red residue obtained after drying was

35 washed with distilled water (50 mL). This further was filtered, which was
washed with distilled water and then dried under reduced pressure. Thus
a target substance (Compound 107) was obtained as red powder (654 mg,
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110C for 16 hours. The crude product was cooled to roomtenperature and a
solid thus produced was suspended in 20 nL of nethanol and further 40 ni
of ether was added thereto. The precipitate thus produced was filtered and
t hen washed with di oxane until the odor of 2-nethyl benzothi azole was 20
renmoved. This further was washed with ether and then dried under 98

reduced pressure b I t h f
educed, nigssiel IO St S SRR et e
r1n1>2< ; ure @ﬁbgta(rfbe;:(ﬁrompmt hid }{m)[)ﬂrrn'agh)d tempatibon 2ol HINMR specteuncsibound

s the get st:an t @m@g
al kyl at e('jﬁeﬁ rgn%ellv% f@g{t 1 %er?\zQ%? azo ?ﬁ%lkrom e%ggjedz posi tion
had not hednttad Hehatiedl valmes mﬁ:}kRm (BSDf aner imdécatad delom- aFuytherapre,

| kyl
o thoht © I koshosds ﬁ%ehilﬁlgg\tdeﬁs%e gﬂﬁg biSe -GGt EpbiRaNest T eact or
1- met hy| -CorhpGurd-10aF Hdk@%ﬂt@l\)l ﬁb%ﬁﬂc(ﬂhJaﬁ@I}%ﬂé'@ng}f’l b

met hyl mio‘liﬂi
W ?4@%% but I’:J;lpguqul@?m (Eﬁrﬁil) 726§$d9J=<-B 3EF1dED)pr oduct

cont ai ni ng 2- [ b

112) o|bt7a55r€d51 fmy 1}1) dngg‘i %#e nﬁ#&tgﬁ iﬁ% ﬁ%mﬁ’nﬁlér% %2°””d
(Zggﬁfglrmq jiﬁiﬁl(zﬁrﬁéﬁra%oﬁ% 3H96222'(£ rJ&EBBBHlem}-mf? mesi,eti);chl ori de at
420, 106) ISCNMMMSD Je ST Re 195 1 dab ate B A 2 bl e e
produced 127“@@213’8"‘@?5 BI Merledzwaaaads \ii22hY eX Ve, 11906, 1016, 87.ded5dnder

rorare® G iacee 2l BBl SR HFPCISEIN L ST 1R ¢

under 20 foeHa@¥. mmsure Further, the precipitate was dispersed in 50 nL
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3- ( 4- car hnistinre wif B-@-carbhyyieoprdr 211Dafzt(hYﬂbﬁﬁWb¥ﬁT§B and2) and

2-methylbenzothiazolium bromide by the same method as that used for
Compound 107, which was obtained with a yield of 43%. The instrumental

20 analytical values are indicated below.
4-((3-(3-carboxypropyl)benzold]thiazole- 2(3H)-y11dene)methyl) 1-
methylquinoliniumbromide:

IHNMR (DMSO-d6) § 8.85 (d, J=8.3Hz, 1H), 8.59 (d, J=7.3Hz, 1H), 8.02.7.93
(m, 3H), 7.78.7.70 (m, 2H), 7.61.7.57 (m, 1H), 7.42.7.38 (m, 1H), 7.31 (d,

25 J=6.8Hz, 1H), 7.04 (s, 1H), 4.47 (t, J=8.1Hz, 2H), 4.13 (s, 3H), 2.652.2.48 (m,
2H), 1.99.1.92 (m, 2H); 3CNMR (DMSO-d6, 60°C) § 174.3, 158.9, 148.6,
144.5, 139.5, 137.7, 132.7, 127.9, 126.7, 125.6, 124.1, 124.0, 123.7, 122.5,
117.5, 112.5, 107.6, 87.7, 45.6, 42.0, 31.6, 22.4; HRMS (ESI calced for
Ca22H321N2028 ([M.Brl*) 377.1324, found 377.1316.

30 Furthermore, 4-((3-(3-carboxypentylbenzo[dlthiazole-2(3H)-ylidene)
methyl)-1-methylquinoliniumbromide with a linker (a polymethylene chain
linked to a carboxy! group) having a carbon number n of 5 was synthesized
from the mixture of 3-(4-carboxypentyl)-2-methylbenzothiazolium bromide
and 2-methylbenzothiazolium bromide by the same method as that used for

35 Compound 107, which was obtained with a yield of 26%. The instrumental
analytical values are indicated below.
4-((3-(3-carboxypentyl)benzoldlthiazole-2(3H)-ylidene)methyl)-1-
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1-nmet hyl -4- [{3-(4-carboxybutyl)-2(3H)-

benzot hi azol yl i dene} net hyl ] qui nol i ni um brom de (Conpound 107) as fol | ows.
30 That is, first, 11.7 nL (92 mol ) of 2-methyl benzot hi azole (FW 149. 21,
d=1.173) and 13.7 g (76 mml) of 5-bronoval eric acid (5-bronopentanoic
acid) (FwW181.03) were stirred at 150C for one hour. The crude product was
cool ed t aneflgAyhaiMafiamenddd: t he solid thus produced was suspended in 50
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Wi t in met ne.c i nked to a carboxyl group aving a
carb dﬂﬁgym%abﬁgg% i?ﬁ ﬁ3§?§@@ ‘whi ch was obtained with a vyield of
35% Mor ep{er(3- mbbhyha@ﬁﬁoamn&ﬁthmot@e%@ﬂ)bﬂddahﬁmthxﬁebt t hat

5- br onoval eEE gl ¢ 0@‘%} rIg)orm1 entanoi ¢ acid) was replaced with 20
7- brom)h AT HESr boxypropyl ) - 2- net hyl benzot hi azol i um brom de

with a | |1r]{<NM]RéDMJ$@ntﬁ)rﬁ/8§ﬁe(dc HaBrBHz, 1KY 862 &d,okx®h 8Kyl 150080y .8.84vi ng a
carbon nugbesr) 081 & Nag,SYPH NeERZEEs 18D, ¥al PRkAWNeYE b &, 15D,

20  4.61 (t, J=7.3Hz, 2H), 4.17 (s, 3H), 2.18 (t, J=7.3Hz, 1H), 1.82.1.75 (m, 2H),
1.51.1.32 (m, 6H); 3CNMR (DMSO-d6, 60°C) § 174.0, 159.1, 148.6, 144.7,
139.8, 137.8, 132.9, 127.9, 126.8, 125.0, 124.2, 123.8, 123.6, 122.6, 118.0,
112.7, 107.8, 87.4, 45.5, 42.1, 33.4, 27.9, 26.4, 25.5, 24.1; HRMS (ESI) caled
for CasHa7N2028 ((M.Brl+) 419.1793, found 419.1788.

25 (4) Synthesis of N-hydroxysuccinimidyl ester 109

9.4 mg (20 pmol) of 1-methyl-4-[{3-(4-carboxybutyD)-2(3H)-
benzothiazolylidenelmethyllquinolinium bromide (Compound 107) (FW
471.41), 4.6 mg (40 pmol) of N-hydroxysuccinimide(Compound 108) (FW
115.09), and 7.6mg (40 pmol) of EDC (i-ethyl-3-(3-dimethylaminopropyl)

30 carbodiimide hydrochloride) (FW 191.70) were stirred in 1 mL of DMF at
25°C for 16 hours. Thus N-hydroxysuccinimidyl ester (Compound 109) was
obtained, in which the carboxy group of a dye (Compound 107) had been
activated. This reaction product was not purified and the reaction solution
(20 mM of a dye) was used for the reaction with oligomeric DNA

35 (oligonucleotide) 105 without further being treated.

Furthermore, 4-((3-(4-(succinimidyloxy)-4-oxobutyDbenzold]
thiazole-2(3H)-ylidene)methyl)-1-methylquinolinium bromide with a linker

102



yield of 22% Next, 1.36 g (5.0 mmol) of N nethyl qui noliniumiodide
(Compound 25 111) (FW271.10), 7.0 nL (50 nmol) of triethylamne (FW

101. 19, d=0.726), and 100 nm_. of nethylene chloride were added to 3.24 g of
m xture (crude product) containing Conpound 112

(3-(4-carboxybutyl)-2- nethylbenzothiazoliun1bronide) and
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(011 gonucleotide) 105 was reacted with N-hydroxysuccinimidyl ester (Compound 109)
and thereby DNA oligomer (oligonucleotide) 110 was synthesized having, in one

20  molecule, structures derived from thiazole orange in two places. That is, first, 30 uL
of 5°-d(CGCAATXTAACGC)-3" (Compound 105, with a strand concentration of 320
uM), 10 uL of Na,CO4/NaHCOs buffer (1 M, pH 9.0), and 60 uL of H,O were mixed
together. Thereafter, 100 uL of DMF solution (20 mM) of N-hydroxysuccinimidyl
ester (Compound 109) was added thereto and mixed well. This was allowed to stand

25  still at 25°C for 16 hours. Thereafter, 800 pL of H,O was added thereto, which was
then passed through a 0.45-um filter. The peak that appeared after about 14.5 minutes
in reversed-phase HPLC was purified (CHEMCOBOND 5-ODS-H 10 x 150 mm, 3
mL/min, 5-30% CH;CN/50 mM TEAA buffer (20 minutes), detected at 260 nm). FIG.
7 shows the chart of the reversed-phase HPLC. The fraction indicated with the peak

30  marked with an arrow was fractionated and purified. The product thus obtained by
HPLC purification was measured with a MALDI TOF mass spectrometer in its negative
mode. As aresult, a peak was observed at 4848.8, and it was confirmed to be DNA
oligomer (oligonucleotide) 110. FIG. 8 shows the MALDI TOF MASS spectrum of
the DNA oligomer (oligonucleotide) 110. In FIG. 8, the arrow indicates the

35
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2- met hyl benzot hi azol i um brom de by the sanme nethod as that used for
Compound 107, which was obtained with a yield of 43% The instrunental 20
anal ytical values are indicated below 4-((3-(3-carboxypropyl)benzo

[d] thiazol e-2(3H)-ylidene)net hyl)-1- net hyl qui nol i ni unbrom de 1HNWVR
(DVBO-d6) 6 8.85 (d, J=8.3Hz, 1H), 8.59 (d, J=7.3Hz, 111) 8.02.7.93 (m
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405. 1837, safrplasd A35ha6B8 M FRurd, ﬁmrn‘rmmum wavelength of UV absorption around 500

4 ({303 sauhRaR NARTAL AN 820G lon) -yl dene) | 10

net hyl ) - 1- e guinolitnru a |l inker (a polynethylene chain
linked to a carlﬁ@ﬂyﬂhe Huosienhapiimgr watexdiied withndseitativndight (headwadfint hesi zed

from the jfhHh & wilveRnkdoFaRE AHVIRRLY e samERbAY DR A OBz g br om de
concentration of 2.5 uM, 50 mM phosphoric acid buffer (pH 7.0), and 100 mM NaCl.

20  Thereafter, fluorescence measurement was carried out. FIG. 10 shows spectra of three

, 2.19
O d6,

samples of the fluorescence primer (the fluorescence DNA oligomers) in a single strand
state, a DNA-DNA double helix state, and a DNA-RNA double helix state, respectively.
As shown in FIG. 10, when compared with the fluorescence intensity of the
single-stranded fluorescence primer obtained at 530 nm, the fluorescence intensity

25  increased 15 times in the case of the DNA-DNA double helix and 22 times in the case
of the DNA-RNA double helix.

Furthermore, the same results were obtained when excitation light with a

wavelength of 510 nm was used instead of the excitation light with a wavelength of 488
nm. FIG. 11 shows the spectra thereof.

30  [Example 4: Synthesis of compounds with linkers having lengths changed variously and
use thereof as fluorescence primer]

Compounds (DNA oligomers) represented by Chemical Formula 113

35
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and 2- net hyl benzot hi azol i um brom de by the sanme nethod as that used for
Conmpound 107, which was obtained with a yield of 22% The instrunental 15
anal ytical values are indicated bel ow 4-((3-(3-carboxyhexyl)benzo

[d] thiazol e-2(3H)-ylidene)net hyl)-1- net hyl qui nol i ni unbrom de 1HNWVR
(DVMSO-d6) 5 8.72 (d, J=8.3Hz, 1H), 8.62 (d, J=6.8Hz, 1H), 8.07.8.01 (m

30, 3 b b SBa38 g il ity Al Bl S 57

(m 2H), dorﬁ[iouhdﬁﬁrel(ermnﬁbﬁlzedlﬁ(ﬂw/ﬁrﬁ@hd%dﬂ @s 1r6ﬁh(é)rm§dﬁﬁe4§ﬁuhe§59 1, 148 6,

144. 7, 9 7. 1 8, 125, 124. 2

1447, 180, Bu1ed 80 BundlBuioic 15 sl B Copshin e v a5 By 183 ©

24.1; HRI\)Bh](cEﬂlf) cactadnohimifen (clﬁﬁﬁ]leﬁgthlﬂﬁﬂSb(c[nMVBle]rre)acttﬂ(g-lﬂrﬁ’%peﬂtmﬂm 419.1788.
| f

i5m(9f)hs lsyé;cﬁ{ﬁglef ﬁé)car &X%&Q{%ﬁ%’&%bgﬁ%@ﬂdfgst%%e 0% Yerbal'® fhafksPOl) ©

boneot b aoempie,dersanetnf Loishond Kl 1mves5 ofiCHCA STRTANAGTDS) omas 471.41)

4.6 fy TN @] d
7. 6rrgng(gfél(ﬁfc3)Ig %NLSI? I%%Wa% %‘ﬁ\% I-nlgﬂlétﬁnet h%gbr%pﬁoor&gopy(‘i’:w:% car od| i ?nnde
hydr ochl ofyrescenqourger i nr the smeenmer fseigt Bxgnipland, apd ﬂmperﬁxrmaxz@chﬁr@ef 16

hours. Thygs é\!rama@&rdqmgﬁ @lluﬂfeﬁ'&e%é rr%ﬁé&éméx@o ”R@‘é’i‘@sx&p%)wéé@ﬁove‘a%ﬁ' ned, in
whi ch t he cartggxy ﬁ Compound 107) had been’ activated. This
react 1%n BREHGHE PIIHES m}dlfﬁﬁrvvifh %Hif%&u?lﬁ@ arcéjaélﬁ Hpreseeraciipeeasedo nM of a

dye) was afpeskifmafelyt NEtiMmea6H hofe thad thabbfl DONEIEisGrakdNa pddndrOdsi18RNMCHE Ot | de) 105
wi t hout further being.treated.. Furt

4- ((3-(4- lergi% as# lgp |1%Q%raggq}%81§a§e5%fﬁ0@hzd‘flaﬁeover, the double strand formed

t hi azol e-aXtB&rimbi grielgeetlydis adid eRhibitbd Highed theinensbiny denvhdtbfa | i nker
102 (a p ‘?{é’%ﬁrﬁ@% gne chai n% havi ng a carbon nunber n of 3 was synthesi zed
by the sd RS HA RHNP STISBCE or  Conpound 109 except for a conpound
with a linker (a pol yrrgt hyl ene chain) having a different carbon nunber was
used instead of Conpoun as, a raw material. Mreover, 5

4- ((3-(4-(succini m dyl o 4- oxohexyl ) benzo[ d] t hi azol e- 2(3H) yl i dene) net hyl
)-1-nmeth vyl quinoliniu bro de/with a |inker (a pol ynet hyl ene chai n)

haV| ng a carbon nunber R__¢f

N _H
H | /g
HN 0. 0 o N~ 7O
S W P
| n 'O DNA—O (N
F 9
_~N DNA

15
113

105
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T 8 LAY
509(164000)

\> A>3

0.122

ulCtT 1T veu I A\ A RN}

10.0

65

Primer-RNA
Double strand

511(162000)

0.129

10.6

52

5" d(CGCAATTTAACGC)-3"/5’-d(GCGTTAAATTGCG)-3’ Tm(°C) 58
5°-d(CGCAATTTAACGC)-3"/5’-t(GCGUUAAAUUGCG)-3" Tm(°C) 46

Measurement conditions: 2.5 uM primer (Compound 113), 50 mM phosphoric acid
buffer (pH 7.0), 100 mM NaCl, 2.5 uM compiementary strand

The maximum wavelength of fluorescence was the value obtained when excitation was

carried out with a light having a wavelength of 488 nm (1.5 nm width).

The quantum yield was calculated with 9,10-diphenylanthracene being used as a

reference substance.

FIG. 12 shows absorption spectra obtained with the linker length n being 4 in

Example 4. When attention is drawn to absorption that occurred
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5 T8-nmer and T18-nmer of DNA that were added as standard substances.

[ Exanpl e 3: Use of DNA ol igonmer (oligonucleotide) 110 as fl uorescence
prinmer] DNA oligoner (oligonucleotide) 110 (DNA with two nol ecul es of dye)
purified in Exanple 2 was desalted and |yophilized. Thereafter, an aqueous
solution thereof was prepared, and the concentration thereof was

det er m ned cordin 0 SQ t|on (X was approximated by T).
Ther eaf t e"i‘t,‘ﬂ)@\?0 ﬁ&é@’%‘r @ﬁ@#%{)rﬁfé aﬁ%ﬁdr EinesLin thwlflﬁle'g‘ tStqi%aRHﬁ’éred on
f 1 uor escethe 8hgtdriivelchA siilci g @omparkd @) thentesrp ﬁ@xﬂdﬁﬁd@%@né&ﬁﬁdﬁdl ng a strand

Conent o liod. S RO ALESRRE L RS o e A g

DNA DNA diba bingle-diminded stitat e, and a DNA RNA doubl e helix state. FIG 9 shows
t f th 9, the. i

whvel dngth of - onCade Sty iR IR e Bn bbb strelth ant A aOE I el i ces

ver e f or neainbiwith atlinkerf length eseanreipk xameple das [reRi- tiédtheichitves kwatedt i on

light (b a&gmeq%fpé&d&gﬁe sl‘mper W&@Qe@%‘@i E!H:ta& tﬂ% )géétxpﬁhg%ﬂ%lﬁlﬁ%hesam

conditions I nc cent a I on oSphoric

aci d buf f@wvesderaredyn thamhtmde v Mmger waelenigthr sdé)tindicate Ithmﬁlwwnm
f th
measur emelhisVes sﬁé{%ﬁé' eﬁl F)I@ 13 Fﬂh@wa%@leﬁ%%‘g? rtff?t‘g%ﬁ&é ﬂu@‘g?chﬂéeetg?lﬁﬁﬁg%tﬁs 0 e

fl uorescence e fluorescence oners trand
st at el0 a 1ORERE @%ﬁaeomuarch gndithe exgifgion wiNelemriRh Wit kiseeqiér the st at e,

respecti Vihotescefe pAISNGh btcfrh Gre 1ﬁ&cat\é@ﬁ{‘pﬁ@1ﬂﬁé’sre§ﬁ1 e RpihARod/ dé@s escence
intensity OfETetﬁ?he si ngl e-stranded fl uqgrescence mer obtainéd at 530 nm

the fluor®® EQX?IH‘P@H specirapis wap praygd dhpt ity acbiswgov ASSPRigted 398 of the DNA- DNA
doubl e heflioteRBflbelnibditeras nll Higit GRER ab&frpﬁ&?b%ﬁﬁél(ﬁ@%b{vﬁvélﬁigﬂ%

Furtherrmr t he .s re.obtajl ned when exci on light with a
wavel engrtGTORTG B SIE PRe e e G e de i t n
wavel sngtims@ﬁaté&&nhmmbrdébéﬁce bﬂuﬁhmws Tmhels,slpelehﬂﬁlﬁdﬂ@tes@ﬁatt&) [ Exanpl e 4:
Synt hesi s;0f co n(}) s wth nke %}g ﬂé variously and
use ther e%‘forgge? euegflésé%réweses?ﬂeﬁ% bcg s) represented
by Chem cllorésoemasl emidsiGh wabstidiug aﬁeohybrhhtamwnywhée ByWHS hres)i wm& initheh t he

ke | engh s AR CAINOAMAN Rl eroliEq HAIROHAS. NS pBy " hesi zed

in the manner as 1'n Interne esi's 4 and
Exanpl e Xidgrreapated plgerly fremcaaahothets were prepared, in each of

20  [Reference Example 9]

Compounds (DNA oligomers) represented by Chemical Formula 114 below,
each of which contained, in one molecule, one dye structure alone, were synthesized
with the linker Iengths n being changed variously. The compounds were synthesized
in the same manner as in Intermediate Synthesis Example I to 4 and Example 2 except

25  that the compounds were prepared, in each of which the carbon number (chain length)
of 5-bromovaleric acid (5-bromopentanoic acid) used as a raw material was changed
according to the linker length, and bis(2-aminoethyl)methylamine was used instead of
tris(2-aminoethyl)amine used in synthesizing Compound 102. Compounds with n
being 3, 4, 5, and 6, were synthesized in the same method.

30
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whi ch the carbon nunber (chain | ength) of 5-bronovaleric acid
(5-bromopentanoic 5 acid) used as a raw material was changed according to
the linker length. In this exanple, the sequence of Conpound 113 was

- d( CGCAATXTAACEC) -3' (X was the site where a dye was introduced).
Furt hernore, each conpound was used as a fluorescence priner in the sane
manner as in Exanple 7, and the performance thergof was eyaluated through
fluorescence neasurement. As a result, |it was prjpved that [|[LO when the
primer hybridizes with a target nucl eib.aci eHi ncreased
approximately 10 tines qor e than [ hat of at%ingle-st prinmer, as
|l ong as the |inker ha ength in_the range’l ndi cated Mor eover,
t he doubl e strand for of theHpri nmer and t geto | ei N"acr @ exhi bited

hi gher thermal stabili an that| of a doubl e\ptran h a native
sequence. +tN. S O N ‘ O\~P /S ODNA-O OH N N
DNA 15 113 105 Table || , m '8f ,,,ax QJan- Fl . ce WV and (mm)

of turn intensity sgtiolld, /I ,, absorption fluores- el d between double Tm
(C coefficient cence d r strand and single strand | rimer 480(117000) 537
0.0193 - None /SNngI el strand 510(93800) " DNA

114

More specifically, the synthesis was carried out according to the
5 following scheme. The following scheme shows the case where n = 4, but
the synthesis was carried out in the same manner even when n was another

numerical value.

(o] ] 0 o]
a N0 be
10t —
oo
OH
102"
2 I Q o +/\/ng L~ R # X
F3CJLN/\/N\/\N Z Hf Sy | /t*
H go 9, ,«"\ o )
O-I?’—O s}
DMIO— o &
0
ONE,N'PIQ \ft’
104° CN 105"
0 I 0] o]
N/\/\)LN/\/!SH/\N # NH
H H | A
e 57N ,J"\ Fe) 1 )
- agi
\rjf o
0
!
14y hY
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n-3 Primer-DNA 505(145000) 529 0.137 7.1 66 Double strand Primer-RNA
506(139000) 529 0.161 8.3 54 Double strand Prinmer 479(156000) 537 0.0105 -
None Single strand 509(104000) n-4 Prinmer-DNA 509(179000) 529 0.110 10.5
65 Double strand Prinmer-RNA 509(171000) 529 0.116 11.0 52 Doubl e strand

Primer 480(139000) 538 0.0131 - None Si ngl e strand 510(107000) n-5
Primer-DNA 508(17200Q) 52

123 9. 4 -

508( 162008ynBrs100f1 - @(%%%2 M@GhYleNs gi'ﬁ%%}fq@%{oggd %‘Jé‘g%}‘ 36 0.0122
None = Si ngl&, ?ﬁ@%ﬁ&%@é SPopPEEn TN Ireleniiir a0 mxmm) 528 0.122 10.0 65
Doubl ¢ stTaRgEtsn A 511( 18200 29 10 d

5' - d( CGCAATTTAALSY) 189 54 1%??5?31 oxpyURyD %%de%xy‘m&me {o¥’

5 d(CGC%TBTmuﬁr/v%g 6@?@9@@%@%&@ 0 tmh6)) of6 Measur enment

d
770) . 51000 bRkEErS LSS SO BHIEr TR RL SR LRI RETEF ROt b of |

I/v: ;Jﬁr :Sf?ﬁﬁzﬁ%ﬂ)ﬁgﬁl bt’l@l\@(Mlmbtlaylaﬁﬂnmbmp}é)cambadmmmdmmhmmﬂéwlﬂétl out
L0, PRS00 LT8Gl A At e o
ref er encél‘}&;rbaftaﬁ,clao hLGf DMEWawda}ledct&)pmf@n“épehW@ Finrad re2Ctiert he
ke b AL PuBe! Bl B9 PhL 87 2l VPR hfled BhéeddhiP250
10 mL of methylene chloride and 250 mL of ultrapure water further were
added thereto, which was then stirred vigorously. The precipitate
produced thereby was filtered, washed with water, and dried under reduced
pressure throughout the night. The white residue thus obtained was
suspended in 100 mL of acetonitrile, which was stirred vigorously.
15 Subsequently, 2.34 g (20 mmol) of N-methyl-2,2-diaminodiethylamine (with
a molecular weight of 146.23, d=0.976) was added thereto all at once, which
further was stirred at 25°C for 10 minutes. Thereafter, 4.8 mL (40 mmol)
of ethyl trifluoroacetate (with a molecular weight of 142.08, d=1.194), 5.6
mL (40 mmol) of triethylamine (with a molecular weight of 101.19, d=0.726),
20 and 50 mL of ethanol were added thereto, which was stirred at 25°C for 16
hours. From the mixture thus obtained, the solvent was evaporated under
reduced pressure, which was then purified in a silica gel column (10-20%
MeOH/CH:2Cls). From the fraction containing the target substance, the
solvent was evaporated under reduced pressure. The product produced
25 thereby was dissolved in a small amount of acetone, and ether was then
added thereto. As a result, white precipitate was produced. This was
filtered, washed with ether, and then dried under reduced pressure. Thus
750 mg (76%) of target substance (Compound 102°) was obtained as white
powder. The instrumental analytical values are indicated below.
30 Compound 102’
IHNMR (CDsOD) § 8.29 (s, 1H), 7.17 (d, J=15.6Hz, 1H), 6.97 (d, J=15.6Hz,
1H), 6.21 (t, J=6.3Hz, 1H), 4.40.4.36 (m, 1H), 3.92.3.90 (m, 1H), 3.80 (dd,
J=11.7, 2.9Hz, 1H), 3.72 (dd, J=11.7, 3.4Hz, 1H), 3.37.3.25 (m, 5H), 2.60.2.53
(m, 5H), 2.33.2.19 (m, 5H); *CNMR (CD;0D) § 169.2, 158.7 (q, J=36.4Hz),
35 151.2, 143.7, 143.6, 134.1, 122.2, 117.5 (q, J=286.2Hz), 111.0, 89.2, 87.0, 72.1,
62.6, 57.4, 56.7, 42.4, 41.8, 38.5, 38.3; HRMS (ESI) calcd for CigHa7F3N507
(IM+H]*) 494.1863, found 494.1854.
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106 at 400 to 600 nm the absorption band obtained in the single-stranded
state appeared on the shorter wavel ength side as conpared to the
absorption band obtained after hybridization. This clearly indicates the
formati on of an H aggregate of dye dinmer in the single-stranded state. 5
FIG 13 shows both the fluorescence em ssion spectra and excitation.spectra
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apsorpt | onadh WA <BRRL %zb“ﬂd%ﬁﬂ% Bofkele YBBediilontly, ASROCIAY Sty WAL

fl uorescence em ssi early In hat the fluorescence

eni ssi on &w%ﬂme&%ﬂ the sdleenixwps éhe?éﬁﬁébt)ratﬁddmif rgyced pressiEscence
em SSjOn YRS %6&1&%%%5&?&1 mé%bf' el &Qﬁe%'aesﬂl%a‘g@§ ccylﬁhi/n ‘el in the

singl e-stranded state. This al he States before fter

hybri di zaMeQHta@dbb/ Eﬁi'aN@HgQﬂa)at éF‘é%WnWlBhﬁl%%W héR 20 [Reference

Exanpl e %téﬁﬁ@&’iﬁ'ﬁé’%f@@%cﬁiﬂcﬁmﬂ §Itﬁ@9il%éeﬁbﬁ%ohhd@[ﬂ’rm| Formul a 114
bel ow, each of whi ch ont ai ned, a ele) ecul e, one dé@ ructure al one,
Yt “\%7‘29

wer e synt‘Fﬁ’é@PE’@@te F‘r'?@tWFeH;E@rSO garbopat ‘f’l&%‘ﬁ%‘ﬁ% %881 y. The
conpoundsyddiEtcsthy ft%sdlz@d The ntikensowas BrbRetedwitlnethileicoetteat e Synt hesi s

EXETPLY b AR, BHOCRE GRS Bl AR Dalad S pRE B BpRER % 1T
(5-br _ormpﬁhit@ribamyaﬁ'ii@hdes(e%aﬁg,dYT%)/wwmtcmtaaiedNas changed according to
e (2 anEROSERY CRRNS rkes FHOD R A TRED AR SR A BT DA o
bei ng 3, @.955d, ammﬂw@m 686 a@@ @eHHh 6. ﬁb (’Galﬁﬁ dehtH), g41. 4838 (o7
1H), 4.09.4.06 (m, 1H), 8.75 (s, 6H), 3.40.3.30 (m, 6H), 2.59 (t, J=6.8Hz, 2H),
20 2.53 (t, J=6.8Hz, 2H), 2.46.2.31 (m, 5H); 3CNMR (CD;0D) § 169.2, 158.7 (q,
J=36.4Hz), 151.2, 143.7, 143.6, 134.1, 122.2, 117.5 (g, J=286.2Hz), 111.0,
89.2, 87.0, 72.1, 62.6, 57.4, 56.7, 42.4, 41.8, 38.5, 38.3; HRMS (ESI) caled for
CaoHa5FsN509 (IM+H]*) 796.3169, found 796.3166.
In a round-bottom flask were placed 159 mg (0.20 mmol) of tritylide
25 (with a molecular weight of 920.85) of Compound 102’ and 28.6 mg (0.40
mmol) of 1H-tetrazole (with a molecular weight of 70.05). This was

..§

vacuum-dried with a vacuum pump overnight. Then, 4.0 mL of CH3CN
was added thereto and thereby the product thus dried was dissolved therein,
which was then stirred. Thereafter, 191 pL (0.60 mmol) of 2- cyanoethyl

30 N,N,N’,N’-tetraisopropylphosphoramidite (with a molecular weight of 301.41,
d=0.949) was added thereto all at once, which was stirred at 25°C for two
hours. After reaction completion was confirmed by TLC, saturated sodium
bicarbonate water was added thereto, which was extracted with ethyl
acetate. The organic layer obtained thereby was washed with saturated

35 saline and then dried with magnesium sulfate. After the magnesium
sulfate was removed by filtration, the solvent was evaporated under reduced
pressure. Thus a crude product containing the target compound 104’ was
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1 O0ON\HI ~H HN/ONO .PSn ODNA-OOCH NDNA 114 More
specifically, the synthesis was carried out according to the 5 foll ow ng
schenme. The followi ng scheme shows the case where n = 4, but the synthesis
was carried out in the same manner even when n was another nuneri cal
value. O i oO FSCAN'I\H\I—-~'NNHa"J Ou.c 101 HO O—l 102' OO

DT © O POIep PSS eompopion oyasnyssdor DN sgpthigis prifiogy Deng Ried 5 s o
?- O N O further treated. From *'PNMR (CDC13) and HRMS (ESI) of the crude product, it was

confirmed that Compound 104’ had been obtained. Those values are indicated below.

Compound 104°:

5 S'PNMR (CDCly) § 149.686, 149.393; HRMS (ESI) calcd for CaoHg F3sN,O 0P
([M+H]") 996.4248, found 996.4243.
DNA 105’ was synthesized in the same manner as in the case of Compound

105. The instrumental analytical values are indicated below.

DNA 105°;

10 CGCAAT[105’]TAACGC, caled for Ci3sHiNs5iOPz ((M+H]) 4074.8, found
4072.0; CGCAAT[105°][105°JAACGC, caled for Cy49H;57Ns52077P 12 ((M+H]") 4230.0,
found 4228.9.

DNA 114 containing thiazole orange introduced therein was synthesized in the
same manner as in the case of Compound 113. The instrumental analytical values are

15 indicated below.

CGCAATT114]4TAACGC, caled for C; 56H194N53077P128(M*) 44473, found 4445.6;
CGCAAT[114]4[114}5AACGC, caled for CiggHaosNssO79P12S; ((M.H]") 4976.0,
found 4976.9.

With respect to ODN (a primer containing only one dye) having a sequence of

20 5’-d(CGCAAT[114]}mTAACGC)-3" selected from the synthesized DNA oligomers
(ODNs), fluorescence behavior was observed in the same manner as in Examples 3 and
4, The results are indicated in Table 2 below and FIGs. 14 and 15. FIG. 14 shows
the absorption spectra, and FIG. 15 shows the excitation spectra and emission spectra.
In FIG. 15, the curves located on the left side (the shorter wavelength side) indicate the

25  excitation spectra while the curves located on the right side (the longer wavelength side)
indicate the fluorescence emission spectra. In FIG. 15, the wavelengths indicated in
the explanatory note denote the wavelength of reference fluorescence emission with
respect to the excitation spectra and the excitation wavelength with respect to the
fluorescence emission spectra, respectively.  As shown in FIGs. 14 and 15, Compound

30 114 has, in one molecule, only one dye structure and therefore no H-aggregate is
formed. Thus the exciton effect does not occur (no shift towards the shorter
wavelength side is observed in the absorption spectrum). Accordingly, fluorescence
quenching was weaker in the single-stranded state as compared to the compounds
containing two dye structures, and the

35
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114(4) 108 [ Synt hesis of

(BE)-5-(3.(2-(N-Methyl -N-(2-(2,2,2-trifluoroacetam do) et hyl)

am no) et hyl am no) - 3- oxoprop-1-enyl )-2' -deoxyuridine (102')] First, 1.19 g
(4.0 mmol) of (E)-5-(2-carboxyvinyl)-2'-deoxyuridine 101 (with a nol ecul ar
wei ght of 298.25), 921 ' ng (8.0 nmmol) of 5 N-hydroxysuccinimde (with a

nmol ecul ar ,wei ght of 115.09) 1.53 8 I f . .

I et hyl - STGestenes AR HOpiiely PyEieen it doblf s et B snele-ira s wei ghe of

191. 70) wet=givplydoed Howavéresinvethy iftbealitic0of dyethfigigh feimatioh g aldatble

Th ft ) mL. of d t t i d at 25C f
o hocttnd gluttie® e bye SERAFE I5dhek BSOS Genctl Midied Faa Sblebiefdo Ble 209 526

10 L of aﬁmﬂﬁtey‘stmmded:kthtaraisdemgm@d%ﬂwmhgw streintiraa ndieatedinerablal bélew. wer e

added t he h h e pr oduced
t her ebs; wfang}lgsﬁn\é{% Sgr efcﬁtﬁ{l % él&la%l?%%g X% E & %ﬂ £ a’lxég%ﬁmabr essure
t hr oughoufont ke tir ]ghger W&velmﬂns&qlémmaemuéﬂabnmhﬂw @mrptm:specmm in 100

nm. of ace i u Vin 2.34 ¢
(20 ol > Bkl YRl W2'0P1), 19858 bl o o iRttt el EARNRYin 2 00, 9ot
146. 23, dﬂsg I@%jDMAsioabM@tramdxev@ndh@mcﬂatmmweéelewmh vas Chamtg@%&pw% stirred
at 25C f fin

P T vor Jimbdn %}hmg%%ﬁfﬂ?ngﬁégdgy%é@fﬁwo%%‘ =1. fg%v 5.6 L (40
mol ) 1Gbf %hSP@FIHS} |Sa¢ﬁtrﬁ@1 eviuaRuR Yield b o1k 3Qeangta flegrescencenintensibyatios) | 20 and
50 nL of gyhandkedrhe dasile skrdrdanaltRe sinble GRaBst B4 WekEebtaihedRC for 16

hours. Fromthe m xtuye thus obtained, the solvent was evapor at ed under
reduced pPE&YFReNt W’?PE% was then puri fied in a silica gel colum (10-20%
MeOH CH2Cthle 2From t he fracti on containing the target substance, t he
sol vent was gvaporated under ] I pres The product prpduced R5
t hereby was dissolved in aﬁg’f{gﬁ, Uféfguntlmfgl e%?fat demantuand gt her Wased)hen
added thgretqg. As a resulft yggfffcpempre(lplcg,@ge NasylﬁfiodJced. Thl S was
filtered, Washgghidohil et her s1aMdoddyen | drigd Unden gg@dUCEd Pr eSSk Thus
750 nmg (7169 [OhNATWGET substance é,q npound 1027) was obtlai ned[as Wiite
powder . Thesi [nsdubRRAEal ané? 12584 val ue¥bar e|i fbl%at ed 25¥1 oiv. %0 Conpound

102' : 1HNMR ([GRBKRNA 8. 79 17 (d, J=15,.6F 1. d,
J=15. 6szI 1(H)DouS1ea&anet, J=%.“:§stgs&dil-l) i?% 36 A 1 ,]3%?92.3%0( m
1H), 3.80 (dd,

15  Measurement conditions: 2.5 uM primer, 50 mM phosphoric acid buffer (pH 7.0), 100
mM NaCl, 2.5 uM complementary strand
The maximum wavelength of fluorescence is a value obtained when excitation was
carried out with light having a wavelength of 488 nm (with a width of 1.5 nm).
The quantum yield was calculated with 9,10-diphenylanthracene being used as a

20  reference substance.
[Reference Example 2]

Compounds (DNA oligomers), each of which contains only one dye structure

in one molecule, were synthesized in the same manner as in Reference Example 1
except that a compound represented by Chemical Formula 115 was used as a dye

25  instead of Compound 107. The synthesis was carried out with the linker length n
being changed variously from 1 to 4. The sequence was
5'-d(CGCAATXTAACGC)-3’ (X was the site where a dye was introduced) as in
Compound 105. '
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J=11.7, 2.9Hz, 1H), 3.72 (dd, J=11.7, 3.4Hz, 111), 3.37.3.25 (m 5H),

2.60.2.53 (m 511), 2.33.2.19 (m 511); 13CNMR (CD30OD) 6 169.2, 158.7 (q,

J=36.4Hz), 35 151.2, 143.7, 143.6, 134.1, 122.2, 117.5 (q, J=286.2110,

111.0, 89.2, 87.0, 72.1, 62.6, 57.4, 56.7, 42.4, 41.8, 38.5, 38.3; HRMS

(ESI') calcd for C19H27F3N507 ([ MtH] +) 494. 1863, found 494.1854. 109

[ Synthesis of (E)-5-(3-(2-(N Methyl- N-(2 (2,2,2-trifluoroacetam do)ethyl)
I) /5

am no) et hyl am no) - 3- oxopr op-1-e O (4, 4 -

di met hoxytrityl)-2"-deoxyurid

3' O (2-cyanoethyl )-N, N-dii sopr sp ite (Conpound 104')] First,
296 ng (0.60 nmmol ) of Conmpound 102" (wi&h | ecul ar 5 wei ght of 494.19)
and 224 ng (0.66 mmol ) of 4, 4" -dinethox :yl chI oride (with a nolecular
wei ght of 338.83) were placed in a recoge containing a stirring
bar. Thereafter, 4 nL of pyridine was addéd thereto whi ch was stirred at
25C for two hours. Subsequently, 1 niL of water was added thereto, and the
sol vent was then evaporated under redudéd® pressure. 10 The product obtai ned
thereby was purified in a silica colum (1.5% MOH and 1%

Et 3N CH2C12) . ACémpeunddd 6e@¢1t:fat¢dnbagw$ pbtwniedl@vh@aﬁ—% nFeorasernge &tetsitConpound
104" ) of §€uyh &et116%%9£9até@%1 th\é@éneﬁ%ﬁ&rﬁsrlﬁﬁﬁﬁmpﬁ@@ AdyatitRh&d sodi um

bi car bonat e aqgueous sol uti on was added_t he residue. The. m Xture was

ext r act edEXIMMC &t hips agesitainghe wewééhkre’a% BM@@W%%@@ s infEcasa iy dri ed
under 5 edgssesceh@SatehSty Wﬁs%sef«vau 48 chpar¥d td ih%)éhéedﬂ" the§ l_ﬁl@ﬁtraﬂﬁ% was

obt ai ned. 1HNWVR ( CD30D) 7.94 (s, 1H), 4-42.7.47 (m 9 01 (d,
J=15.6Hz, 1H), 6.95 (d, J 15. 6Hz, 111),6. 86 183 .,(m 4H), 6.21 (t,
J=6.3Hz, 1H), 4.41.4.38 (m 1H), 4 NA. ; , 3.75 (s, 6H)

3.40.3.30 (m 6H), 2.59 (t, e 28 t J=6. 8Hz, 2H)
2.46.2.31 (m 511); 13CNWR (@3%5 1@9“*‘20 J=36. 41" 10, 151.2,
143.7, 143.6, 134.1, 122.2, 117 J 286& 111 0, 89.2, 87.0, 72.1,
62.6, 57.4, 56.7, 42.4, 41.8, 385“383 H (ESI) calcd for

CA0HA5F3N509 ([MH—I] +) 796 3169+ g4 'e 796. 3 66. In a round-bottom fl ask
were placed 159 ng (0.20 mol )i.Q tylldem@AS (with a nol ecul ar wei ght of
920. 85) of Conpound 102' and 2876 ng (0.40 nmol) of 1Htetrazole (with a
nol ecul ar wei ght of 70.05). This waSy.-$#acuumdried with a vacuum punp
overnight. Then, 4.0 nL of CH3CN A

1186
[Fluorescence lifetime measurement]
With respect to the DNA oligomers {oligonucleotides) of Example 4 (two dyes)
and Reference Example 1 (one dye), fluorescence lifetime was measured in the case of
10  the single strand and in the case of the double-strand DNA, respectively. The DNA
oligomer used as a measurement control contains, in the site X in the following

sequence, a nucleotide containing a dye introduced therein.

5’-d(CGCAATXTAACGC)-3° (SEQID NO. 1)
5'-d(GCGTTAAATTGCG)-3’ (SEQ ID NO. 2)
15 The results of the fluorescence lifetime measurement are indicated in Table 3

below. In Table 3, T is fluorescence lifetime (ns). CHISQ denotes a measurement
error. T1 indicates the time elapsed from immediately after completion of excitation.
T2 indicates the time further elapsed after time T1 has elapsed in the case of the primer
containing two dyes of Example 8 while being the time elapsed from immediately after
20
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was added thereto and thereby the product thus dried was dissol ved therein,
whi ch was then stirred. Thereafter, 191 pL (0.60 mml) of 2- cyanoethyl 30
N, N, N , N -tetrai sopropyl phosphoram dite (with a nol ecul ar wei ght of 301.41,
d=0.949) was added thereto all at once, which was stirred at 25C for two
hours. After reaction conpletion was confirnmed by TLC, saturated sodium

bi car bonate ter S, added t her et whi ch was extrag{yed h et hyl

acet at e. i fEeitat 6%%%@@%%@%%&@1%}? ﬁlﬁ%%ﬂcﬁrat ed 35
saline andxddi;ﬁeldr T8 dndibdiés tﬁagﬁ@sﬁmmﬁdlﬁ;fsed sfterAMi€T2 hiteclamgdesinmablsul f at e

f I t t h t ed duced
b assur o, SPEE Rl BHUE arhbed Forpar PR SOREah et GREY CROBURISL04 was 110

obt ai ned. ﬂﬂ'dresx:eﬂmmmamty ahnained 1m1$1edia1fetyr afidNGompletibe of sxoifatimobiting &keg
purifi dor f her a of the
crude SSr o%lg OA(# a(-s)%ﬁgl% Ofﬁ at h@rp%%ﬁi%sﬁ ﬂ)t%l nﬁob ai ned.
Those val quecatoeeaclm dnmat émlee:ﬂrgmner)Co dpdodidated i Tatge 3,1111?Nm>ﬁrr(eCDC13) S

149. 686, 996. 4248,
f ound 996&}%4%%3 Bﬂﬂwﬁ%@ ?u%ﬁe%?ése% %ﬁ%rgmg%ngﬁ ﬁ&%&ggﬂ% in the case
of COrrpouﬂa@brewesce drisey Tatesobtaimed O H2 1@ napieri ez aitatios) wass lar48o) indhe at ed bel ow.

2 19" sinfle o SHEARRA 0 wh ate%ﬂé‘ﬁei be SRARLAS 6P%Ris (khiH )
4074. 8, d 4072.0; CGCAAT[ 1 105’ AACGC cal cd for Glagi i Theacr7P12

([ MeHIGH) dzssxyeé in othei srgess 2 Ihedluoppeaence guershing ofithig QN dsksled Bith e

| nt r oducegkhgrgd trEddHdReé, $84siah itpErtartt 3518 iBMAShnd@S | N the case of
Conpound déLjy13 The ?gr]yg?é;%t al naISyt |1cg,l ?/a,l ueé are riS i ndi (l:)at ed .bel ow.

CGCAAT][ 1 10jbrishizpppprapect ¢ Bt '@IS%?FH%W@W?P Rmorg.48 c8n be 8epRdn 4445, 6;
CGCAAT] 11’ﬂdbllé‘r3 [tﬁéﬂh&ﬁ%e‘éﬁ%m@ﬁhg Ghrdpettids b fiod %Sﬁﬁﬁl@a

f d 4976. t ot t &la%z)sautii[:&a&ﬂd(ljibﬂﬂap,
n ) . 2
o sequencaoBiono W b TS BN OB L BB R e P

synt hesi z@edasineak ngs oRtisd o( AP undet ﬂﬁrs&&eemdatxbﬂ(&mmmerymeambamn«ed in
the same et&gnsnf Eﬁ}jn ﬁ%resﬂtéaﬁﬂorgﬁc crzgez%agce wﬁleﬁ v ED) 6'5 (\:v%% %Q‘V in Table

2 bel ow a
the fluorescence decay rate when T3 = 4.38 was 56%, T was 3.33 (ns), and CHISQ was
1.09. Thus values that were very close to those indicated in Table 3 below were
obtained. That is, it is indicated that the primer of this example has excellent

20  reproducibility in this fluorescence lifetime measurement.

Table 3
One dye One dye Two dyes Two dyes
Single strand Double strand Single strand Double strand
Ti _ _ 0.0210ns 0.551 ns
(81.54%) (2.73%)
0.934 ns 1.58 ns o 2.33ns
T2 (39.19%) (24.63%) 1.28 ns (8.99%) (50.30%)
3.12ns 3.60ns o 4.57 ns
T3 (60.81%) (75.37%) 3.76 ns (9.48%) (46.97%)
T 2.26 3.10 0.489 3.33
CHISQ 1.32 0.96 1.11 1.04
2.5 uM strand

50 mM phosphoric acid buffer (pH 7.0)

25 100 mM NaCl
Measured at 455 nm (prompt) and 600 nm (decay).
[Example 5]
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t he absorption spectra, and FIG 15 shows the excitation spectra and

em ssion spectra. In FIG 15, the curves located on the left side (the
shorter wavel ength side) indicate the 25 excitation spectra while the
curves located on the right side (the | onger wavel ength side) indicate the
fluorescence em ssion spectra. In FIG 15, the wavel engths indicated in

t he expl anatory enote the wayel th refe fl uorescence
erseron it h AASS hERGeTwrtastr By EBm bl RISk Slev i car  on
wavel engt syndickized asthe sdmée mahidwe as fik Hmmplearm(ee}ﬁnheﬁal compspedtapegsented by

ti h El Gs 0.1 o
ot boul o Casinig BRI o7 pElbRyar e B A Ve i PRE AL ComBS b a% o' " o mea
Thus t he @umpbmrﬁsmhﬂmbmdgé,ﬁ o andé,cuere pathediiciitin thevwamstsnethed. shor t er
}"’f“’e' gtff‘urﬁ{e%o}e 1t%§%§é’c?% d ﬂuq%@s%e&&sﬁlﬁéﬂ ifl %ﬁssl%ﬁ{etrﬁé}[{?g %fﬁ
uorescence e sin e-stran as corrpar ed
to the comldhﬁﬁsrfommfaihmmtjwmvmedsby ﬂumrs@sce maesurdieergs Ther result
fluor escefaqﬁddbdi&@ ed ﬂéw | dy/ 1ﬁ%at@@h¥*’?ﬁﬁe M@oﬂﬁqu 194§ é{ff@réﬁ?ﬁl the

single stran ative wever, since the intercalation of dye

t hr ough f#samtios ha%ﬂf tremcbe ﬁA okigaraerd Compennd ¥ £ of xample 4 bpiamiledy hi gher

f1 uor escepeghibRéeNsdddvexvRén ORI MeHisiifHiE&s th%ﬁ%@pr@één@ﬁ%fﬂu&{ ate as
conpared to the single strand as i1 ndicated in Tabl'e In the

bel
si ngl ¥ stmgltigol %H@tﬁctt%cae%e.%eﬂw Rﬂ%iﬂ@ﬂ@ﬁmﬁﬁgﬂ@ﬁfé glgﬁemw 488 nmto
Xmax (onﬂmg@ﬁbﬁ@mhgqgﬁﬁem@Mﬂh@ngth side if there are tw a,,,,.) in the W
absorption spectrum a quantumyield OF of 0.120 was obtained as a
measurenent result. Furthernore, in thg DNA- DNA double strand, when the
excitation wavel ength was changed from &8 7 "max (one on the |onger
wavel ength side if there are two a,,, UV 10 absorption spectrum
a quantumyield OF of 0.307 and a flu ntensity ratio Ls/lIs,

bet ween the double strand and the singhs 3.4 were obtained as
measurenent results. Table 2 Amax (nm of Quantum and
absorption fluores- yield Ratio T i
515(123000) 532 0.0681 - None - DNA 509(125000) 526 0.180 2.64 65 n=4
Doubl e strand

15

20

25
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DNA- RNA 511(125000) 527 0.244 3.58 55 Double strand 15 Measurenent
conditions: 2.5 1tMpriner, 50 nM phosphoric acid buffer (pH 7.0), 100 mM
NaCl, 2.5 tMconpl enentary strand The maxi num wavel ength of fluorescence is
a val ue obtai ned when excitation was carried out with light having a

wavel ength of 488 nm(with a width of 1.5 nm. The quantumyield was

cal cul ated with 9, 10-di phenyl ant hracene being used as a 20 reference
substance. [Reference Exg Conmpounds (DNA ol i goners), each of which
contains only one dye st 1 et n one nol ecul e, were synthesized in the

. except that a conpound represented

\as as a dye 25 instead of Conpound 107. The
synt hesis was carried out mnth the | i nker length n being changed variously
froml to 4. The sequence was - d( CGCAATXTAACCC) -3' (X was the site where
a dye was introduced) ag;'u/ Conpound 105. 30 112 Ni Br (\}-COON " 1n
115 Conpound 116 i ndi cdt ed beIo i s obtai ned when n=2. Fluorescence
intensity of Conpou ‘ s evipluated in the sane manner as in Exanpl es
3 and 4 Reference : \\Agﬂg\result in the case of the DNA-RNA
doubl e strand, the ‘,;se fl 5¥escence |nten5|ty was observed as
conpared to the case of the S|ngle trand. O 0 ~N - N H HO\NH DN A-O
BN O a |' DNA 116

S O
I n
AN
I DNA
N

Cl
Table 4
Amax (nm) of UV
and absorption Aamax () OF Qu%}ntum Ratio
. fluorescence yield
coefficient
Primer 499(135000) _
=4 Single strand 532(86000) 353 0.00911
Primer-DNA 505(111000)
Double strand |  530(148000) 530 00706 &
[Example 6]
5 A DNA oligomer (Compound 118) expressed by the sequence described below

was synthesized. X is a nucleotide (represented by the formula described below,
referred to as Chemical Formula 118) having the same dye structure as that of
Reference Example 1.  As indicated in the sequence described below, this DNA
oligomer contains two successive nucleotides sequenced, each of which contains a dye
10 introduced therein. Introduction of the dye and synthesis of the DNA oligomer were
carried out in the same manners as in the respective examples and reference examples

described above.
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[ Fl uorescence lifetine neasurenent] Wth respect to the DNA oligoners
(oligonucl eotides) of Exanple 4 (two dyes) and Reference Exanple 1 (one
dye), fluorescence lifetine was neasured in the case of 10 the single
strand and in the case of the doubl e-strand DNA, respectively. The DNA
ol igoner used as a measurement control contains, in the site X in the

foI I ovm ng eguence, a nucl eotid i n| ng a dye introduced therein.
15(?%21 é@ l{gﬁaol)%ﬁ (GCGT TAAATTGCG) - 3" (SEQ | D NO.

2) 15 The results of t pe fldlorescence Ilfetl me neasurenent are indicated in
Table 3 below. |In Tabl T is fluorescence lifetime (ns). CH SQ denotes
a neasur enent rror d| categ the tine elapsed frominmediately after
conpl eti on of ex a?lo /T2N\indicates the time further el apsed after tine

Tl has el apsed int se of th rimer containing two dyes of Exanple 8
whil e beingThe ti ef apsed fronﬁ dl/atel y after 20 113 conpletion of
excitation in the case of the priner tai ni ng one dye of Reference

Exanple 1. T3 indi@ates the tine further ehapsgd after tine T2_has el apsed.
In Tabl e 3, theonpseHi cal val ue expressed ﬁn N %d" is the fl ascence

decay rate (with the fluorescence intensi ty obtained inmedi g
conpletion of excitation being taken 5 as 100% du g the_passage of tine
TI, T2, or T3, and the sumtotal is 100%wth respech 6eh/t§Hner ( DNA

oligorrer). As indicated in Table 3, the priner co@rypg two~ dyes

(Exanpl e 4) undergoes a very short quenching proce he fluorescence
decay rate obtained 0.0210 ns after excitation was 54% in the
si ngl e-stranded state, which indicates the presence of an exciton effect.

This was not 10519@1%%M6CkhierNIAhﬂfgoﬁﬁa$%s uddiensfd ﬂtﬁfr@s@@@@qﬂmwemm ng of this

ODN | abel ed with two. r"gé/ |nthe %}dgf tranded Slt@ B(ﬂX

i npor t ant 4Py BT &4 %?ﬁﬁewﬁ?/ﬁ’ﬁ TS PRSP ER gf'ﬁjg F 1r1“3IVﬁt)rescence
i nt ensi t yandfhi péreorimnes tha&oﬁaras b&lmﬁnhr(mgh'lfhimlr&céhcemmmﬂemmes cence
guenchin gr Rfer.ti e(s %eed uadratic or cubic function properties.
W t h resgze #M BHREH; ?Oéwg’i’Faélr?B with two dyes indicated in Table 3 bel ow,
15 nmeasur¥neM phwphadr adidbufbert(pHgad)n under the sanme conditions (however,
rreasurenem?r&@fNIbl was omitted). Asa result, the fluorescence decay rate

when T2 44% the fluorescence decay rate when T3 = 4. 38 was
56% T vva?sSBl\/BGOr(lplsI)len‘ranth@HdS@fmdsonqemtlofi)hus val ues that were very close

to thgse indi cafipdelihs hAPiwh RFI8Y MR 17. FIG. 16isa diagram showing

absorption spectra, and FIG. 17 is a diagram showing both excitation spectra and
fluorescence emission spectra.  In FIG. 17, the curves located on the left side (the
shorter wavelength side) indicate the excitation spectra while the curves located on the
right side (the longer wavelength side) indicate the fluorescence emission spectra. As

15  shown in FIGs. 16 and 17, even when two successive nucleotides, each of which
contains a dye introduced therein, are sequenced, an exciton effect was exhibited
because it was possible to locate the dyes at a short distance, and the states before and
after hybridization with target nucleic acid can be differentiated clearly from each other
by fluorescence intensity.

20  [Example 7]

Compounds (DNA oligomers) represented by Chemical Formula 113 or 114,

i.e. the respective ODNs indicated in Table 5 below, were synthesized with the linker
length n and nucleic acid sequence being changed variously. The “ODN” denotes
oligodeoxyribonucleotide (DNA oligomer) as described above. The synthesis was

25  carried out in the same manner as in Intermediate Synthesis Examples 1 to 4, Examples
2, 4, and 6, or Reference Example 1 except that the compounds
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obtained. That is, it is indicated that the prinmer of this exanple has
excellent 20 reproducibility in this fluorescence |ifetine neasurenent.

Tabl e 3 One dye One dye Two dyes Two dyes Single strand Doubl e strand
Single strand Double strand Tl - - 0.0210 as 0.551 ns (81.54% (2.73% T2
0.934 ns 1.58 ns 1.28 ns (8.99% 2.33 ns (39.19% (24.63% (50.30% T3
3.12 ns 3.60 ns 3.76 ns (9.48% 4.57 ns (60.81% (75.37% (46.97% T 2.26
3.10 0.489 3.33 CHISQ1.32 0.96 1.11 1.04 2.5 Mstrand 50 mM phosphoric

aci d buf f eere(ppéparedip ea@boflORichiieNatbonvmsher 6dhaat ledgib) oifd-bpnamateyicand 600 nm

(decay). _I 0.114. A ol i goner .represented by Chem cal Fornul a
127 0o oS PRy pRantle AT e e S MR MRS LR R S ol N B Ot That
conpound hmksr bmgiin, entl thy scqiivand wad caopadifwtablySh thedyothesmofused as a dye

i nste ofy; | . +.Co ,: | : . wer e

synt hesi s dioaEBGRtndddotide -HORAHIIMER ) SRELG i dhuchion @b Ita

f | uor escedlisemer) sypthepined ndExaanmie heanddPDN4 ang ODMMH identical tand t he

per f or ma - t 1 The result
ol B e S R B L 17 o

di f f er ent the synthgsise Nolydsex ysaernimidyh estse (Epppindg e of thzgalssumeerss) of

Exampl e 4her@iHtyag iaﬂehﬁerBéquivTaleﬁ?émfl%Eﬁ\?éjarﬁing%9(9{1#?)(fﬂﬁé?'?h@sf fifekis, thBl S

indicates that in the, present jnvention, tcgydtl,col or .detection, can be

carri ¥d olfveleBmsgt IR bt wrerser-ehase iR Wik £t manuseitor lopres aptaBiichands
from eachinotdbes 5 indlcated tillow) 68 & dmple, [113](,) or [114],) denotes that a nucleotide

represented by Chemical Formula 113 or 114 has been inserted in that site, and n
denotes a linker length. In Table 5, ODN1’ indicates a DNA strand complementary to
ODNI. Similarly, ODN2’ denotes a DNA strand complementary to ODN2, and

15 ODN3’ indicates a DNA strand complementary to ODN3.

Table 5
Sequence (5°—3")

ODNI CGCAAT[113] TAACGC SEQ ID NO. 1
ODN1’ GCGTTAAATTGCG SEQID NO. 2
ODN2 TTTTTT[113}TTTTTT SEQ ID NO. 4
ODN2’ AAAAAAAAAAAAA SEQID NO. 5
ODN3 TGAAGGGCTT[113} TGAACTCTG SEQIDNO. 6
ODN3" CAGAGTTCAAAAGCCCTTCA SEQ ID NO. 7
ODN4 CGCAAT[114]4TAACGC SEQID NO. 1
ODN5 CGCAAT[114] 4114,y AACGC SEQ ID NO. 8
ODN({anti4.58)  GCCTCCT[113]4yCAGCAAATCC[113]4ACCGGCGTG SEQID NO. 9
ODN(antiB1) CCTCCCAAG[113]4/GCTGGGAT[113],AAAGGCGTG SEQ ID NO. 10

With respect to each ODN synthesized as described above, the concentration
was determined through enzymatic digestion in the same manner as in Intermediate
20 Synthesis Example 4. Furthermore, each ODN synthesized as described above was
identified with a MALDI TOF mass spectrum. The mass spectrometry values are
indicated below.
ODN1 (n=3), CGCAAT[113]3» TAACGC, caled for Cy73H,13Ns56075P 1282 ((M.H])
4820.7, found 4818.9; ODNI1 (n=4), CGCAAT[113]4TAACGC, calcd for
25 CigoH217Ns56078P 1282 ((MLH]") 4848.8, found 4751.4;
ODNI1 (n=5), CGCAAT[113]5;TAACGC, calcd for C15:Hz21Ns6075P 125, ((M.H]")
4876.8, found 4875.6;
ODNI (n=6), CGCAAT[113]TAACGC, caled for Ci3aHz25N56075P 1282
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115 15 20 25 115 +NC S ~O ~NHOO f NH H-- HHOONO P SO
DNA-O OHO NDNA C Table 4 X ,,,x (nm of W and absorptionx (nm of
Quantum Ratio coefficient fluorescence yield Prinmer 499(135000) 553 -
0.00911 - n--4 Single strand 532(86000) Priner-DNA 505(111000) 550 0.0706
7.7 Double strand 530(148000) [Exanple 6] 5 A DNA oligoner (Conpound 118)

expressedgw#%@fz@ﬁ%%ﬁfﬁy@tﬁa%[i bed bel ow was synthesized. X is a

nucl eoti d esernte e’fornul a descri bed bel ow, r+ef erred to as
Cheni cal ©ONAIIATITY) 1 1Rl Ag THHecaehtor € eHs 1 Neulopit 65-a fMitHhR) 48%2.8, Ref er ence
Exanpl e 1g,,Ag 4kpdhcated in the sequence described bel ow, this DNA ol igoner

contains two successive nucl eotides sequenced, each of which contains a dye
ODN3, TGAAGGGCTT[l 13](4)TGAACTCTG, caled for C251H305N310i24P1932

5 ([M.H]") 7093.2, found 7092.3;
ODN (anti4.55), GCCTCCT[113]4CAGCAAATCC[113]s)ACCGGCGTG, calcd for
Ca77HassN1160173P27S4 ([M.3H]') 10344.9, found 10342.7;
ODN (antiB1),CCTCCCAAG[113]4GCTGGGAT[113]s)AAAGGCGTG, caled for
Ci31H4s56N124017:P27S4 ((M.3H]") 10489.0, found 10489.8.

10 Among ODNs indicated in Table 5, with respect to each of ODNs (ODNI,
ODN?2, and ODN3) containing [113](n) that were obtained with the sequence and linker
length being changed variously, the absorption spectrum, excitation spectrum, and
emission spectrum were measured before and after hybridization with a complementary

strand. The results are indicated together in Table 6 below as well as FIGs. 18 and 19.

15 Table b
A 1) hewnm’ @ Il¢  Tm/°C
ODNI (n=3) 480(117000) 537 0.096 - -
510(93800)

ODNI1 (n=3) / ODN1’ 505(145000) 529 0.298 7.6 66
ODNI1 (n=4) 479(156000) 538 0.059 - -
509(104000)

ODN1 (n=4) / ODN1" 509(179000) 528 0.272 144 65
ODNI1 (n=5) 480(139000) 538 0.043 - -
510(107000)

ODNI (n=5) / ODNI’ 508(172000) 529 0208 8.1 67
ODNI (n=6) 479(139000) 536 0.053 - -
509(93300)

ODNI1 (n=6) / ODN1° 509(164000) 528 0.265  10.9 65
5°-CGCAATTTAACGC-3°/ODN1’ - - - -~ 58
ODN2 478(221000) 545 0.010 - -
505(115000)

ODN2 / ODN2’ 513(209000) 536 0.469 160 62
ODN3 482(146000) 535 0.074 - -
510(145000)

ODN3 / ODN3’ 509(191000) 530 0.232 45 74
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10 introduced therein. Introduction of the dye and synthesis of the DNA
oligoner were <carried out in the sane manners as in the respective
exanpl es and reference exanples described above. 116
5'-d(TTTTTTXXTTTTT)-3" (SEQIDNO 3) HOO O ONX=JHN OO O=
-OHH NS Furthernore, this DNA oligoner was used as a fluorescence prinmer
in the s nBaner 0. r CLA V& ,eX | es and reference exanpl es
descri bed ' a %ve,&ﬁCgﬁfnbﬁéﬁgggggiﬁgh%%nﬁﬁ3?é@%lgﬁgﬁ@%gwhf g@uﬁ ?ough

f | uor esce@dE7MDabilr mivesudium 2hBrile pri mer (strand concentration) 50 mM
phosphor i€ @egigd; pH 7.0) 100 mMM NaC 2.5 M conpl enentary strand
(strand cpncgﬁgfggﬁ%§§ 0 The results are shown in FIGs. 16 and 17. FIG 16
i s a di agr Eardationiah dm. Sstatinng ¥amspedhe longanwavlagth sid¢ when thempramvehowi ng
bot h Q%cikgbion spectra and fluorescence enm ssion spectra. In FIG 17, the
curves logated on the left side (the shorter mavelen%th side) indicate the
exci t at i on FiysaescenceipienatyTio aiew bstvesa ardoyblsrstanded statgRrd &j de (the | onger
wavel engt dinSbd8Indcidiagat € the fluorescence em ssion spectra. As 15 shown in
FIGs. 16 and 17 en en. two _successive nucl eoti des, each of which
contains a dye]bﬂggﬁﬂﬁgﬁﬁﬂ%ﬁb?éﬁﬂp) W%mgéﬁﬁ%ﬁﬁgﬁFeéﬁﬂ@&EEton ef fect was
exgi bi tedolig@ae@m‘f ohﬁclmdemﬁl’?@(m (%A%Q‘X’IQ!Q@(C_ .GCQBQ.\ﬂfyeeéXa&/as&hél@i@effvh@i‘éSt fagce,
and the states . hef.ogre an afte ridization wth .t et nucleic acid can
o B erfi Bdi et pitoh S ERmNErer T EfanPleid sledbiitscifens 1y 20

[ Exanpl e dilantianpielinds afdiNA flabregcsitee Syterisitpratsefiidd) batwehethiecal Formula 113
or 114,

double-stranded state and a single-stranded state were measured through excitation

carried out at a wavelength of 488 nm. However, in this example (Example 7), as

described above, they were measured through excitation carried out at A,y in the UV

15  absorption spectrum. Therefore Table 1 (Example 4) and Table 6 (Example 7) indicate
the same substance with different fluorescence quantum yield @ and fluorescence
intensity ratio {Ig¢/Iss).

FIG. 18 shows graphs, each of which illustrates the absorption spectrum,

excitation spectrum, and emission spectrum of {113]4)-containing ODN. In each of

20 FIGs. 18(a), (b), and (c), the graph shown on the left side illustrates the absorption
spectrum, with the horizontal axis indicating the wavelength and the vertical axis
indicating the absorbance. The graph shown on the right side illustrates the excitation
spectrum and the emission spectrum, with the horizontal axis indicating the wavelength
and the vertical axis indicating the emission intensity. Each measurement was carried

25  outat 25°C using, as a sample, [113]4)-containing ODN in a 50 mM sodium phosphate
buffer solution (pH=7.0) containing 100 mM sodium chloride. In each graph shown in
FIG. 18, the black line indicates the measurement result with respect to the
single-stranded ODN (ss), and the gray line indicates the measurement result with
respect to ODN (ds) hybridized with a corresponding complementary strand DNA.

30 FIG. 18(a) shows the measurement result with respect to ODN1 (n=4) (2.5 uM).

With respect to the excitation spectrum, the emission intensity at a wavelength of 534

nm was measured with respect to the ss, and the emission intensity at a wavelength of

528 nm was measured with
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i.e. the respective ODNs indicated in Table 5 bel ow, were synthesized with
the linker 1length n and nucleic acid sequence bei ng changed variously. The
"ODN' denotes ol igodeoxyribonucl eoti de (DNA oligonmer) as described above.
The synthesis was 25 carried out in the same manner as in Internediate
Synthesis Exanples 1 to 4, Exanples 2, 4, and 6, or Reference Exanple 1

except that tt? QEOU@ES 117. ver e p f%ared in,ea q of which thg garbon
nunber (cHEPY! %ﬁ“& ) "'%mEFISHBB%‘i © measuied ViRt BRoHRAPRFSTIEI LT d) used
as a raw wavdengih oﬁ\@ﬁ) whand ¢ dsdremghmged at dheveld:ngnﬂkeﬁSllmt h, and the

h th
zfﬂgggggx;\??bgnﬁ {bﬁgh %ﬁﬁn fiagure%gﬁttr%%uqfw espl 35%98%]/% bjg}?tjsérl eot i de
( DNA oIigmnan&mgmnmhéS5pkﬁnmhegnahpMBmlpnﬁndeﬁﬁkw anddt @BNb LMsinitlent i cal to
ol i godgo f anple 1.
Inlgthi égfkﬁe5|s gﬁﬂLq§$£B§§ug¥¢%ﬁ%§%§ éMﬂ%QEﬁﬂﬁéﬁhﬁé&mgﬁ §§fﬂﬁ§”ﬁﬁlg§ole
or ange usBYensiepied Wa\fﬁ%ﬂ%\ho é%f’smmwsemasmad@nﬂﬂsreﬁfeca@tﬂw&s, e group
ATter L NeemiioNeibiity a8 whl el RBIP R Wi ReldlrdiRV Rl EHkhRARE SEPLC was 20

to 30 mnutes or |onger as requi e 5 indi cated below_ for
exanmpl e, [Tha gmissipnpeqirppuere ﬁ)ea%%t“éﬁl fbﬁ &% being gxditcdt awavelepgthobAtBd by

Chem cal E&rdﬁgltgedsl&ng%ex@{édQpaswgﬁgéhgtmgpﬁgelqnl n that site, and n denotes
allnker Iength " indicates, a DNA strand co Iemegltaryto

ODNL. 165 i | ar | yFl WE@%SWC@W With HESPESHiR PRS- ¢ ol and 15
ODN3' i ndb&ﬁ%ﬁat@n% 258 iRNd WRhpdspa® d BHeext:idat ectru-ﬁ@bh@elﬁxsﬁﬂﬁuence

(257 Lo RS TAe B0 B0 1 L FeeTaigieee B0 1o
NO 5 ODbidisdicAAGERSTT Bt 2 13vEengimdACTCRMA WwiQnbd3uNG with resp¥d8to the ds.
CAGAGIT GCCCTTCA SEQ | D _NO 7 e1Te11 4 TAA{I EQ‘H%NO 1
CONS. CCCARH TTAT P PATATY A7 RG-S B N O A PN g o
GCCTCOT|[ 1ﬂ1&]a(né)®mbkﬁgTﬁE[t&d31] YvACCEEOCHS $5@! D NO. 9 ODN(anti Bl)
CET0ONG 113 AL LIRFIRGER IR dBndf Hduresrect 1o
excitation spectrum, and emission spectrum of ODN1 (n=3, 5, and 6). In each of FIGs.
19(a), (b}, and (c), the graph shown on the left side illustrates the absorption spectrum,
with the horizontal axis indicating the wavelength and the vertical axis indicating the
20  absorbance. The graph shown on the right side illustrates the excitation spectrum and
the emission spectrum, with the horizontal axis indicating the wavelength and the
vertical axis indicating the emission intensity. Each measurement was carried out at
25°C using, as a sample, ODNI1 (n=3, 5, or 6) in a 50 mM sodium phosphate buffer
solution (pH=7.0) containing 100 mM sodium chloride. In each graph shown in FIG
25 19, the black line indicates the measurement result with respect to the single-stranded
ODN (ss), and the gray line indicates the measurement result with respect to ODN (ds)
hybridized with a corresponding complementary strand DNA.
FIG. 19(a) shows the measurement result with respect to ODN1 (2=3) (2.5 uM).
With respect to the excitation spectrum, the emission intensity at a wavelength of 537
30 nm was measured with respect to the ss, and the emission intensity at a wavelength of
529 nm was measured with respect to the ds. The emission spectra were measured,

with the ss being
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was determ ned through enzymatic digestion in the sane manner as in

I ntermedi ate 20 Synthesis Exanple 4. Furthernore, each ODN synthesized as
descri bed above was identified with a MALDI TOF nass spectrum The nass
spectronmetry values are indicated below ODN (n=3), CGCAAT[113](3) TAACGCC,
calcd for CL78H213N56078P12S2 ([M Hl +) 4820.7, found 4818.9; ODNI (n=4),
CGCAAT[ 1Je%kftéﬂmve1@@|gﬂd of 621 2m GEHIDHRIFNBEREAREA 41 Mwidvelenifths. 8,

f ound 475'(%,@3 ODNI  (n=5), CGCAAT[ 1 13](5) TAACGC, cal cd for

Cl182H221 }gBio s ([MH"') 4876.8, found 4875.6; ODNI (n=6

CGCAAT[ 113] ( 6) TFRLGQ(bcshweds the nEERAHPABNG 6eHP TR regmect 18 Q N\M H )

Lcl;igj Hg 27 r\@;gg &‘%3% gég? (I W?e s%-é;zr Icg £l%e1% O(glﬁ%ﬂ_% %gg Lfrﬁ%l\ge oMission

TGAAG@GC'EE[:éﬂs’ii}( 4) TAGIETEEh @raﬁaﬁinhnwaezﬁamummuhmm%zto the(M H] +)

ZB(C):?JEI%' CéT : 1ou ﬁ}f{%&ﬁiﬂ%@] %t 42)\ i%é&%;gof nm was measured with

C377H456NEEHEE 1BORDESS. (mh@em)samsne@rammdnmm 7Wl‘€1}3ﬂle ss being

301156 TIR 0RO 1B b, QUG To48 5 16 Anang. b

i ndi cat edfidl2maml.e 5, with respect to each of ODNs (ODN1, ODN2, and ODN3)
cont ajh“'bng [ 133id, “_ng E)hﬁov%‘ﬂ%e phiaaRes et tr@sﬁlbeml@qu@m ta@DNinker

| engt ej ng, changed vari ous t he absorp ectru t at
spect r um{ The styagsl %%E‘@P%’Cﬂﬂ%?"é‘s éé‘i\fl a&?%pegh&eiﬁ%e? on

hybri di zal:pn it épe%tﬁaﬁptmﬁgeﬁan 1§temng atTil wavemﬂgm 586 mai was ed

together 1 n Table ow as as F 18.and .19, T bl
7ce, , Inm m)eﬁsmrqs‘sm@sfe?ﬁ?@t SS( ADg)T ’f’flf%g%f)t B‘%"iy 69 a"ae%élb(%som

CDNL ( n=3f 593NAm w85 (l<bR0) wriZh r8s248 t6.the s, b emssaqn 47S(t156600) 538
0. 059 1 -mgggére% 9192 th%:)s[\.t-l,l bém?g@xcﬁe%la W%nge£7ggﬁ%9)52§%§ll%rﬁi7alé és 4 65

being excited at a wavelength of 514 nm.

As shown in Table 6 as well as FIGs. 18 and 19, two absorption
bands were observed in the range of 400 to 550 nm with respect to the
respective [113]w-containing ODN samples. The absorption band on the

20  shorter wavelength side (up to 480 nm) was increased when the
1(n)-containing ODN sample was in the single-stranded state, while the
absorption band on the longer wavelength side (up to 510 nm) appeared
prominently (dominantly) when the 1(n)-containing ODN sample hybridized
with a complementary strand. The absorption band on the longer

25 wavelength side (up to 510 nm) is a typical absorption band of thiazole
orange alone. In the emission spectrum, a single broad absorption band

" was observed up to 530 nm. With the hybridization of a [113lw)-containing
ODN sample with a complementary strand, the emission intensity was
changed clearly. That is, the [113]i)-containing ODN sample hybridized to

30 a target DNA strand exhibited strong fluorescence, but the
[118]m)-containing ODN sample before being hybridized exhibited only very
weak fluorescence as compared to that exhibited after hybridization.
Particularly, the fluorescence of ODN2 formed of a polypyrimidine sequence
was quenched almost completely in the single-stranded state. The

35 fluorescence intensity ratio (Iss/Iss) between the double-stranded state and
the single-stranded state of ODN2 reached 160 at the maximum emission
wavelength. When the common 20-mer ODN3’ chain and the ODN3 chain,
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ODNI (n=5) 480(139000) 538 0.043 - - 510(107000) ODNL (n=5) / ODN1'
508(172000) 529 0.208 8.1 67 ODNL (n=6) 479(139000) 5%6 o? 053 - -

509(93300) ODNI_ (n=6) / CDNI' 509(164000) 528 0.265 10.9 65

5' - CGCAATTTAACGC-3' /ODNI' - - - - 58 ODN2 478(221000) 545 0.010 - -

505(115000) ODN2 / ODN2' 513(209000) 536 0.469 160 62
0.074 - - 510( 14500 ) ODN3 482(146000) 535

5000) ODN3 / ODN3' 509(191000), 530 0. 232, 4.
Measur enmaredxyﬂvdldm@%wltmesd})mmﬁh%m@%d W%Wo@ﬂﬁﬁle@rg’uﬁg&geféégl ution
(k IOH=(7é)C()2: P?%Ot‘*?g‘nma?ﬂ% Hybﬁgi%rtmﬁebauﬁh@m@té,o;{:s &in ﬁS&errorEﬁla:bﬂeaBi on at
.. . onger '

5 k ax) @s Vﬁlhléﬁgslé;@nég(q%rﬁ%ﬂgi‘?‘ylé"a‘f’ Snégggﬁf#e% t Igé"#(;@g?%ébg{ (raaﬁ(r:lgdtm
e st oo AL CIRAUIESEGa 1 sTabbe L e (Tesomabetbities the

[ of .oli oXYri c ' . .
(5 -d CCB@AXﬁ)Qk@’Cd@BF%?} ,Aﬁﬁ@?@qﬁe‘ﬁﬁgx‘{%eﬁgﬁfee%lgrgZ-nd]fstead HlyrgalilfSG had been
:51 Rfj r ?ﬂgc?%ﬁmfef_hag}ph.ﬁe?chihg dbiltyphEhdughhibefd wasesddferenepittht um yiel d OF

orescence. i ntensity ratjoy. / -

tate an@uEnehi S5y JrReates e BT AR AR e Bl A e T e
out at a gt.ength of 488 nm However, in this exanple (Exanple 7), as

Qescribe above, 1t r.e r h ' j '
' the UV 16 agoriitesRaan e ¢ by o HIghg ddtht PLISTODR O bl e 6
( Exanp! e (@x4)/0DNatiacradseddon? te Q5§ anecempared &9 the P@Fﬂtve;&)qb'gll% skrande

quant um yi ) s eS| : .
4 AACCRIRIAL RS SS0ANCT . ITHi@AbicAsh 0T, CAN/ iksplies ElE 18 shows

" . :
dpect r Umtwanchtioniic dyon cepgned n he PIEBPY HEFe SRPAFN CASHERY P each of
double strand formed together with the target sequence. Furthermore, as
can be seen from FIGs. 18 and 19, the excitation spectrum indicated a single
15 broad peak around 510 nm regardless of the structure of the compound.
This wavelength agreed well with one wavelength in the absorption band.
That is, conceivably, the absorption associated with fluorescence emission
occurs only in the absorption band around 510 nm, and the absorption band
around 480 nm hardly affects the emission. Furthermore, the exciton
20 coupling energy was estimated to be 1230cm™ based on the absorption band
shift from 510 nm to around 480 nm that was caused by dye aggregation.
This is equivalent to the coupling energy that has been reported for the
H-aggregate of cyanine dyes. However, these theoretical considerations do
not limit the present invention.
25 [Absorption spectrum]

The absorption spectra of the ODN1 (n=4) were determined at
various temperatures and concentrations, and the effects of the temperature
and concentration on the absorption band were checked. The results are
shown in the absorption spectrum diatram in FIG. 20. In FIGs. 20(a) and

30  20(b), the horizontal axis indicates the wavelength, and the vertical axis
indicates the abhsorbance. Each measurement was carried out using, as a
sample, ODN1 (n=4) contained in 50 mM sodium phosphate buffer solution
(pH=7.0) containing 100 mM sodium chloride.

FIG. 20(2) shows a change in absorption spectrum obtained when

35 the solution temperature was changed. The ODN concentration was 2.5
uM. The spectrum was measured at 10°C intervals from 10°C to 90°C.

FIG. 20(b) shows a change in absorption spectrum obtained when
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20 FIGs. 18(a), (b), and (c), the graph shown on the left side illustrates
the absorption spectrum wth the horizontal axis indicating the wavel ength
and the vertical axis indicating the absorbance. The graph shown on the
right side illustrates the excitation spectrum and the em ssion spectrum
with the horizontal axis indicating the wavel ength and the vertical axis

I ndi cati nﬂletélﬁuﬁahscaiueéhﬂ Bh%ﬂ%éé’ch:?ﬁg’éli mpﬁyhféy%,mem@ﬁt %&hbb?&l&@ out at
25C using, as a sanple [;[( ) - cont ai mm/% so&: um Elzgsphate
buf fer soWaeidrC(p m%mﬁrafgoqwe s%dl%fmleﬁi 3512| de> 4% 2a¢A-Yr aph
shown in 4kl gnago bI ack line indicates the nmeasurement result with

respect to fhe Ie t d d I di cat th
maag urement reshing “gﬁettﬁg a{%%yg&hqv@ngji}e(rggth%ql}ppgqeiéae{l)mnﬁﬁ Il‘ggal‘r?% RS
corr F?oonﬁhhm mbmt mw%&&r@m&%mﬁﬂ@u&ﬂmﬁfﬂgﬁé he neas ;Jr te_nrent
result w respect..to n= res Xxcitation
spect rum foﬁﬂé‘%ﬁﬁ %/‘tstih(?nal?ﬁ?ff%ﬂé‘i’? § Q'EW ﬂ%%‘ihﬁg’?[@ ﬁﬁ? freasur ed

Wi th respect toAg hhowsi,inamﬂ}tMahmhﬂsahsbrbmmtiqbatWebmﬁweﬂmgt h of 528
nm was mnme 5 120 re t. The em .ssipn ctra were
neasur ed, al@\ﬁ %Pﬂé) Speth %&%ﬁf@&g}éﬁy @éﬁ E}?&Sﬁf%ilggﬁga%prﬁ%ﬁgat he ds
bei nlg ex contewitht the svanplectegiperat ufel Heimg chan@ed 8 ( E[)htashs,vmthhélerm&m{rﬁnt
resu in the
grap hfos hohﬂﬁs%lﬁﬁfeh&@ﬁ%am ab-gB cfaﬁ'l ({e%\%gts%l 4 %%gﬁ{ {)ﬁ Ua?@ %mihown on the
ri ght si ddecredsed geshedly, o cdtat’tsodamcteam@e zdpﬁ@@:ptlgmbatﬂdeof %mion i ntensity
- at a wavej n%p&léadof HoWeUP &@Paﬂ%%%é@f&geé@tm SMEE! tHe QbGP 98 !t NE

em ssion Tntensit at a wave m was maasure pect to
the ds. smellemTélss mdlga@@tthatmltbe prtmer efitheprasenhanventien, @D&lcu ted at a

wavel engt ?.ﬁf) ﬁ%?strﬁea&a%tm%e%u@@d Bgcdi'ﬂi&hé g5lt1d témpeMaLeaghiingé 1$19 nun.
10 FI G 18(c) shows nmegsurenment. resu t.h r?Yg)gpt t The strand

conceHt r av§yrsmal, @n@ tlwr Kenitcan e usq w }%33%@8@ m the

eni ssi on td &*&%ﬁié’ s Shy@nah . 2olh), B3PisosbaaEe pEas vhetinditdedadpect to
the ss, and m55| on intensity at a vel en télﬁ@g 530 nm was neasured

Wi th resp%?ﬁse{l'ée P E’V?J§Pe‘3t?ﬂ@ T PPepTYE Sted with the ss
bei ng excited aDnaheatbbehghl, 8§ shd®¥nlin FIG.20(b), ehels thectgemntatied at a

e oot e O ok O Fin L, SRR e AR an SRR o Bkt s “Sona”
(n=3,2(b, obdroed in hotlache absdp®n bands. Furthermore, as shown in the inset,
the plot of log(Absa7s) versus log(Abssos), i.e. the ratio between logarithms of
the absorbances in the respective absorption bands, showed a straight line.
This indicates that the ratio between the two spectrum components was
almost constant regardless of the ODN concentration. In other words, the
25  primer of the present invention, ODN1 (n=4), can be used without being
affected by the concentration thereof, since the structure thereof hardly is
changed even when its concentration in the solution is changed.
The cause of the spectrum changes shown in FIGs. 20(a) and (b) can
be described, for example, as follows. However, these descriptions are
30 examples of theoretical considerations and do not limit the present
invention. That is, first, ODN1 (n=4) forms an intramolecular H-aggregate
according to the dichroic system. Presumably, the spectrum change shown
in FIG. 20(a) was caused because the structure of the H-aggregate had been
loosened slightly due to increase in temperature. Conceivably, since the
35 intramolecular H-aggregate completes intramolecularly (H-aggregate does
not form in intermolecular), the structure hardly is changed by, for example,
an intermolecular interaction even when the concentration increases, and
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19(a), (b), and (c), the graph shown on the left side illustrates the
absorption spectrum wth the horizontal axis indicating the wavel ength
and the vertical axis indicating the 20 absorbance. The graph shown on the
right side illustrates the excitation spectrumand the em ssion spectrum
with the horizontal axis indicating the wavel ength and the vertical axi S

Ui ng . po erdBrORt AR AEARE b spckR SHRSHERTRBmbERonil LSO 20C
sol uti on (Fé‘ﬁlzlﬂ(@)anééhﬁ el n&om%va’ﬁw $We comfPahatim medes|of aeactrarrgqlqpltars hown in
FIG 25 19i-af é}&ﬂ&dﬂ‘[@& aat e?: hABoRERE MBI B, aggx%ght%d)\#ﬁa i gRpect to
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respec c citafion spectrum
t hepem ssﬂﬁﬂt@%‘ﬂg’ ’;?(Salfmlég@&%wgﬁgﬁ e@ﬁl‘il (§Q}9 ﬁ?&% eﬁ@aéhﬁ@agw th
respect t eavtlengh sidengddrived €rons fic@ye nidreAterd yin@lit icvavel whgdatinef 529 nun
was rreasuiéﬂgg th respect to the ds. The em ssion spectra were neasured,

I

with the 5 121 excited at a wavel ength of 521 nm and the ds being
excited at a walUbé Ehgipectrah of ODMM(n=R)/GDN D (Vs ismuwedl hTherasuiranent resul t

Wi th r@sp%& ArPieF Bt 2@%?12 (58 ﬁd%%&hm\;ghog q?%ﬁ@‘? &tléggplﬁ%f %at  on

spect fum € em ssion~57intens s neasured
Wi t h r espeentainingt I9g nsld], Sodamdclnlhed@rmﬁsﬂleatrarr&@msentgatlan being@vejeingtTheof 529

ooy eq. ettt rBhuliE SR in' e EBFrlBunl aciTh RELRE AAPERL RS WE e

nmeasur ed, eln excl te at a wa ni-and-t he ds
bei ng exch@lé@néﬁl a&lsmil@at@wgf: fvavelenghXnmy anﬂohfFV@.tlcall%lﬁ)méththemegle 0.

measur emenls shéghit 1 bl EAGE (-9)/ BN &ﬂb@straﬁ&‘@ﬂﬁﬁﬁﬁi@s FPRGRA " at i on

was 2.5 I\% res to th e eXC|tat|on spectru m ssi on
i nt en§Y t ycHgct Qﬂ)ﬁ@él“ 3‘@41555} nig3 6 Thf iheismeansees (F1a gainishoweds ppical pasterne ss,
and the e%éﬁﬁe@ﬁvﬂeﬂtﬁﬁﬁh&h& ofdngd dYBVRERMAl in8fa PRA RIbNaGaAEasured with
respect tf%th @EX em Sssi n spectra were asured wth the ss being
excited at®&° %}h@fgﬂ' werdsghe dyy Berdonrheal e waﬁb 7 kercalgteddintg anavel engt h
of 514 nmiouble-stranded DNA that had been formed, and thereby a dichroic aggregate
(H-aggregate) was prevented strongly from being formed. This CD measurement
20 result implies, together with the Ty, measurement result, that when the dye portions of
the ODNI (n=4) bind to the double-stranded DNA, both the two dye portions intercalate
into the major groove and thereby a thermally stable double stranded structure is formed.
However, this theoretical consideration does not limit the present invention. The fact
that the double-stranded structure to be formed is thermally stable indicates that the
25 prmer (nucleic acid) of the present invention can be used effectively for detecting the
complementary sequence.
[Example 8]
With respect to the ODNS (CGCAAT[114]4[114],AACGC), the absorption
spectrum, excitation spectrum, and emission spectrum were measured in the
30 double-stranded state and the single-stranded state. The results are shown in Table 7
below and FIG. 22,
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As shown in Table 6 as well as FIGs. 18 and 19, two absorption bands were
observed in the range of 400 to 550 nmw th respect to the respective
[1131(,)-containing ODN sanpl es. The absorption band on the 20 shorter
wavel ength side (up to 480 nm) was increased when the 1(n)-containing ODN
sanple was in the single-stranded state, while the absorption band on the
| onger wa Ieggth side (up to 510 nn) appeared prom nently (dom nantly)
when t he =contai ning ODN sanpl e hybridized wth a conplenentary
strand. The absorption band on the | onger 25 wavel ength side (up to 510 nm
is a typical absorptlon bangmghﬁtmlaZOIelmgﬁange a@ane npﬂtme eﬂya§|on
spect rum—a oad N on—_bhand alals ed a 05 nm.. Wth
t he hybrlﬁﬁ?ﬁtlon of a [11§§ﬁ13098ntaln|n645CDN S%ﬂ%ﬂe mntﬁ a conplenentary
strand, the em ssion intensiiyissa® changed clearly. That is, the

L1315, B Rond oV semb i’ 2 470 ® darect ey

bef ore being hybridized exhibited only very weak fluorescence as conpared
to that exhibited after hybridization, Particularly, the fluorescence of
ODN2 f or nitFagremeniSpdiiontiiZe wd JeduéhedM spdismyphosplrdebefferselutionpl etel y in
t he sisngl &,}ﬁ’,r@nqiﬁﬁmﬂgécgum‘mﬁ)r@@ fluorescence intensity ratio (ld./1.)

bet ween tp dou | e- %%ganded state and the single-stranded state of ODN2
reached 16 %ﬂaWQE? fHum emi ssi on wavel ength. Wien the comon 20- rer
ODN3'  chaf:rExahgtidne ARGk ditatidmat . k2 thelengdey Walelbd@H sidk hef @cde Biehi®b, the
em ssi on %@ ensity was clearly different before and after hybridi zation.
Furt her no as can be seen fromTable 6 as well as FIGs. 18(a) and FI G
19, when f:Héudrbstknee ihengtyhratio wekb. deangadhe double-Strimdled siate £0dMie of thi s
exanp ss value was obtained with 5 any linker length. As
descrl edgi ]ng%mi%sugﬁe CDNs indicated in Table 6 exhibited high

guenchi ng abi | i FiG. aREhnuggrapﬁmlﬂlastgahdal’fsbmtmncspeatmm @udmiohrsgecmﬂmh‘l,i ty

dependin As
|n8|categlgﬂm#ﬁ§Phh%%ﬁg (ﬁqg?ﬁsqﬁ%f& Q?EHH‘@T lnl n=4) / CDN1'
i ncr easedmiggsurernent yagcarsied @nb@trQéaCtl@ atShenMasodipen phate buffmlutlon

5" - CCCAAT LA cortiat 100 mVR sSuitnAhRRRR, With fhe HAhY QohdBlrhsh SFBONS

15 being 2.5 uM. The black line indicates the measurement result with respect to the

single-stranded ODNS5 (ss), and the gray line indicates the measurement result with
respect to the double-stranded ODNS5 (ds) hybridized with ODN1°. FIG. 22(a) shows
the absorption spectrum, with the horizontal axis indicating the wavelength and the
vertical axis indicating the absorbance. FIG. 22(b) shows the excitation spectrum and
20  emission spectrum, with the horizontal axis indicating the wavelength and the vertical
axis indicating the emission intensity. With respect to the excitation spectrum, the
emission intensity at a wavelength of 534 nm was measured with respect to the ss, and
the emission intensity at a wavelength of 514 nm was measured with respect to the ds.
The emission spectra were measured, with the ss being excited at a wavelength of 528
25 nm and the ds being excited at a wavelength of 519 nm.

As shown in Table 7 and FIG. 22, the ODN 5 having a sequence containing two
successive [114]4) nucleotides exhibited further effective fluorescence quenching as
compared to the emission suppression (Table 2 in Reference Example 1) of the
single-stranded ODN4 containing only one [114]4 nucleotide. With respect to the

30  absorption spectrum of ODNS, the
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two cationic dyes contained in the primer were bonded effectively to a
doubl e strand forned together with the target sequence. Furthernore, as
can be seen fromFIGs. 18 and 19, the excitation spectrumindicated a
single 15 broad peak around 510 nmregardl ess of the structure of the
conpound.  This wavel ength agreed well w th one wavelength in the

b t That SsS W t h
1 uor b combe ainahd e snef B BRIYBR s Saboif Behe BadaBrediatsdo nm
and t he aBboripiplienthbttvad [1&14]@;uuublélc8ﬁlemnmﬁtaneﬂm thé OERNS forimed e ESI on.
Furth f e g be 1230cm 1
b;;ede(r)nm'grﬁ{aa Cﬁgcg?%ﬁ%%}géﬁg COHEL ?@F?@%@%ﬁ@%ﬁ@ arougaf 0 nmthat was
caused by sihgls-dgndesk@DNGres is qipresveddn dt?.[llilﬂknemntmolmg@Nouﬁhahg, ener gy that
has been t&RANaEH, HRTcadd&f ﬂ’lgﬂés%g c eerﬁ’igmﬁ% Q.gitpgegglg%{%?uentﬂ thaéélnzese

t heoretical consider at| ons not nven

[ Absor pt i 8¢ Biers efrfc W@[Hﬂkﬂﬂpﬁk@tﬂﬂ%ﬁé@ﬁﬁmdmthe@mm(qti:ﬂm) wer e

det er m neg. 8 dRUBerbBYREEALIN RS DEENbEFEEPMS dyad e effects of
t he tenper a?fij egg and c%ncentratll on gélm%]ée&a bsor ption ’dy?ibnwere checked. The

resul ts afFefir@icgdpntithe QRN Heutnmng be Eldélmrnﬂﬁﬁe@ﬁl%@ Méﬁﬁuﬁ@kfogdetzetmg n Fl Gs.

20(a) andtt@QodMdmentdrd QtrM 4548 Wheddasa B thel] 'DFB ﬁﬁéc@ﬁalﬁlﬂg O@I}[/I el ength, ang t h?
nmeasurenent was carri ed ou

verti %ﬂl ?ﬁ;{s ‘?‘gﬁl cates the absorbance.

usi ng; ampl; ODNL (n=4) cont ai ned |n 50 mM sodi um phosphate buffer
sol ution (pH=7THY fla@ei@hed dteaihed witbh S)D]‘NlJ(ﬁ=€lbl hak holeidizddavitR@(a) shows a
change in ab rpt on ctrufT obt ai ¢ r11( 35 t?{ﬁ@so' ution te erature
was chang&y™ Slf’ c &t FEFTERe g}f%ae‘?)e RERSEMTA WL Feasur ed
at 10C i ns}mwmhasPIGrZﬁn T8 ECIGR D EHE lefelcall 1s2:0¢d11)c<mtuim5ganchmgel:t4l) sﬁgﬁor pth i on
spectrum t |on t i , ange The
rrgasureme zgn[%(‘errpergllé%g{’}[c‘%ﬁg’a cglg@]ﬁ#l con ﬁ{’)?(gPMngg@%?% %5 0. 75,
1.0, 152, The Bsp&ti@e cdlssho@.the statks Gherenfebbiidmiter Fredidtivnetith 55GWgr aph

showi ng tﬁaogé% 1@@&)0nﬁ?apcéﬂ%@%%ﬁawgoAc%g@étLo%Pz épﬁf?ﬁ%ﬂ Hfs Rﬁgﬁf at a

wavel engt vertical axls ar | sor bance
at a wavebkasgherioiciébdiersqdienivhosntate tasffes polution) (pH 7.0) and 100 mM NaCl.

As shown in FIG. 23, the left cell containing the ODN1 (n=4) single strand hardly
emitted fluorescence after irradiation with a 150 W halogen lamp, but the right cell
20 containing the ODNI1 (n=4)/ODNT1" double strand emitted light green fluorescence very

clearly. Furthermore, the same result was obtained even when the complementary

DNA strand ODN1’ was replaced with a corresponding complementary RNA strand.
Moreover, the same result was obtained in the cases of ODN2 and ODN2’.
Furthermore, in the cases of ODN2 and ODN2’, the same result was obtained even
25  when ODN2’ was replaced with a corresponding complementary RNA (A13-mer). In
those cases, the strand concentration was 5 pM. In addition, the same results were
obtained with respect to all ODNs indicated in Table 6 above. Thus, since the ODN of
this example allows the fluorescence intensity to be changed clearly depending on
hybridization, it was easy to determine the hybridizable target sequence by the naked
30 eye. This indicates that those ODNs are useful for visible gene analysis.
[Example 10]
A DNA oligomer represented by Chemical Formula 120 below was
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As shown in FIG 20(a), the absorbance ratio between the two absorption
bands was changed slightly when the neasurenent was carried out with the
sanpl e tenperature being changed. That is, with the increase 10 in sanple
tenperature, absorbance in the absorption band of 479 nm decreased
gradual |y, and absorbance in the absorption band of 509 nm increased.

However, seen fromF a he ¢ e was smal l.. This
i cat es R p RE Bt Rnst S in xRl FachDBACE o ore HERY b e
structureC&hamgéFonmdedI%bdowdmmgwmbthdy&ﬁnpembﬁﬂxmnmhamgeﬂ|s 15 very
small, and therefore it can be used while Bardly bei ng affected by
tenperature. As shown in FIG 20(a), an ispsbestic point that indicated the
presence of two spectrum conponents was ofNervedwat 487 nm On the ot her
hand, as shown in FIG 20(b), when the ‘ gn of the sanpl e,
ODN1(n=4), was increased, an increase i was 20 observed in both
t he absorption bands. Furthernore, as shown-i he” i nset, the plot of

| og( Abs479) versus | og(Abs509), i.e. the ratio between logarithns of the
absorbances in the respective absorption bands, showed a straight |ine.
This indicates that the rati o between tphgtwo spectrum conponents was

al nost constant regardl ess of the ODN cpncentration. In other words, the 25
primer of the present invention, =4), can be used W thout being
affected by the concentration thg ince the structure thereof hardly
is changed even when its con efftration in the solution is changed. The

cause of the spectrum changé Nn, Rl Gs. 20(a) and (b) can be
QOthese descriptions are 30

descri bed, for exanple, as & )
exanpl es of theoretical consyderations d do not Iimt the present
invention. That is, first, ODN1 (n=4) for'hrs an intranol ecul ar H aggregate
according to the dlchr0|c system Presunmably, the spectrum change shown in
FIG 20(a) was caused because the strdctlufe of the H aggregate had been

| oosened slightly due to increase in tenperature. Conceivably, since the 35
i ntranol ecul ar H aggregate conpletes intranol ecul arly (H aggregate does

not formin internolecular), the structure hardly is changed by, for
exanple, an internolecular interaction even when the concentration

i ncreases, and 124 therefore the ratio between the two spectrum conponents
i s al nost constant as shown in

10

15

20
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FIG 20(b) and the inset. Conceivably, two conformation nodes of an

i ntranol ecul ar H aggregate and dye nononers (the dye portions have not
been aggregated) exist in the sanple solution of CDNI (n=4). It is

surm sed that the absorption band | ocated on the 5 shorter wavel ength side
(479 nm is derived fromthe intranol ecul ar H aggregate. On the other

hand, it is surm sed that the absorption band (509 nm |ocated on the

| onger wavel ength side is derived f¥ om the dye nononers since it increased
by heating. [CD spectruni The CD spgly Of CODNL (n=4)/CDNL' was measur ed.
The nmeasurement 10 was carried outyat ¥ n a 50 nM sodi um phosphat e
buffer solution (pH=7.0) contai ni ng. M sodi um chloride, with the
strand concentration being 2.5 M The\ neasurenent result is shown in the
CD spectrumdiagramin FIG 21. In F 21, the horizontal axis indicates
the wavel ength (nn), and the verticalf axis indicates the angle 0. As shown
in FIG 21, the ODN1 (n=4)/ODNI' doulte strand exhibited a split-Cotton 15
ef fect between 450 and 550 nm art(is, a nmeasured CD pair showed a typical

pattern observed when a thi ¢ Qqyange dye intercalated into a DNA doubl e
strand. Conceivably, in oth rdq he dye portions of the ODNI (n=4)
intercalated into a double-s ded t hat had been forned, and thereby
a dichroic aggregate (H aggregate)OWwashNhrevented strongly from bei ng

formed. This CD nmeasurene
nmeasurenment result, that
t he doubl e-stranded DNA
maj or groove and thereby a

® result ibplies, together with the T.
f th® dye por |ons of Gthe ODgg (n=4) bind to
thgltmo dy on '/j ate into the
' b!e angded’ N#fructure is
formed. However, this thdoretical onS|derat|9H does n liggit the present
i nvention. The fact dt the doubl e-strandedsstructure t ¢dorned is
thermally stable Mcat'es that the 25 prinmer (mucleic acijd) of the present
i nvention can QgNuseo effectively for detecting | lement ary
sequence. [ Exanpt &g i ,
(CGCAAT[ 114] (M) [ | AACGC), the absorption spectgum excitation
spectrum and em s3toH spectrum were neasured in they30 doubl e-stranded
state and the single-stranded state. The results dﬂéﬁ%ﬂbmm in Table 7
bel ow and FI G 22. 35 125 Table 7 O
N

120

Compounds (oligodeoxyribonucleotides) represented by Formula 120, with n
being 3, 4, 5, and 6, were synthesized in the same method. Furthermore, using ODN
(referred to as ODNG6 (n=5)) expressed by a sequence of

5  5-d(CGCAAT[120]55TAACGC)-3" as a fluorescence primer, the absorption spectrum
and fluorescence emission spectrum were determined and the performance thereof was
evaluated. The measurement conditions were the same as those employed in Example
3. FIG. 24 shows the measurement results.  FIG. 24(a) shows the absorption spectra,
with the horizontal axis indicating the wavelength (nm) and the vertical axis indicating

10  the absorbance. FIG. 24(b) shows the fluorescence emission spectra, with the
horizontal axis indicating the wavelength (nm) and the vertical axis indicating the
emission intensity. The black line indicates the spectrum of the single-stranded ODN,
and the gray line indicates the spectrum of the double-stranded ODN hybridized with a
complementary ODN.  As shown in FIG. 24(a), in the double-stranded ODN, the
15  maximum
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x"ax/nm("/nxn O Id:":s Till/C ODN5 483(123000) 545 0.059 - - 511(118000)
CDN5 / ODN1' 509(180000) 528 0.275 10.3 71 Measurenent conditions: 2.5 M
DNA, 50 mM sodi um phosphate buffer solution 5 (pH=7.0), 100 mM sodi um
chloride b: Excitation at 488 nm C. Excitation at Xmax (excitation at on
t he | onger wavel ength side when there are two Xmax) d: Fluorescence
intensity ratio at a,. between the doubl e-stranded state and the 10

si ngl e- stranded state FIG 22 shows graphs illustrating the absorption
spect rum wavelengthio§ s pl@@mtwmaromdcﬁwmwmstuﬁgbdmugim thé famiEion of a

spect 1 cadbitichbibé] 14rRRhakN oG pIO% FPASHERBRAL ARGRIBLelcout 2t

25C in a 50 mM sodi um osphat e ai hing 100 nmM
sodi um chlﬂ@mea%encwrttwttﬁ@cms%@p@m@ amqnmr@ftomf a5inghi gn@. 5 M The

bl ack §in Th’u@ di 5 _b&ERiBR tﬁﬁaeﬂhrx@ﬁ@r{‘éfféc? %Lﬁxhlﬁﬂeﬁ Ba ﬁf?:%ﬂ?fé ﬁé&ﬁlﬁé@ gtattree rent

nd the I ne I ndicate

ﬂagg:te \?mt That IF:@%@@E@ '&%aﬁ% (GBWBP@C&?r(éﬁﬁﬁEF OONDl¢ trhifTorpntingbsesation th
CDNI' . FI Eancﬂ&éxﬁ)ﬂléb%(cdﬂilﬁnﬁhsl%})&f @ihnﬁﬂ@ﬁtaﬁ&'me GbNYCopolRd I zoRjral axi's
i ndi catln the n dth verti axi.s_indicating the absorbance.
FIG 22(b) xf‘gﬁﬁ‘{q’étf‘ﬁ&r%og E¥ifon E@W%ﬁ%ﬁbﬂéﬁ@é@%ﬁﬁ with the
hﬁr i zont aldetamcm daﬁdble(bal&*leﬂg)ut hﬁng\/ﬁu@;ieﬁ’?ﬁbt r@ﬂﬁersttﬁttﬂ ati/@dlfﬂefe@ll: mt ﬁ%}@tl?ﬁgl cating

Ss nten ect Lo the excitation spec
e soton PRELHIREAL Mo bEPRg ;

eni ssi on | V6984 nm was measured with respect to
t he ss, afﬁkampielbrﬁosmamnofﬂcmfomsimnammmgl ength of 514 nm was neasured

ith ct with the ss
bei ng extited off SonaneadupIC B EOBERE Fnt iU BE e cd ot a
wavel engt bequtn@id qul(T"DCET'EBB\Aﬁ](4)”ﬁTT§TBT)33’Z aadd chirGpodingtcomplientarhavi ng a
sequence RA kAlNEANARI3. ﬁ{é‘fﬁﬁﬁcﬂh\éqldo}é'sélrfc@ RO il Rided Tur ther

effecti ve uorescence quenc em SSI1 on suppr essi on
(Tabl & 2 meagagder memapﬂlﬁasr)ﬂ yfas aﬂuréed tbemg:l end;thea:hatw iOBpertmonwas ni ng

oy one biskldel) FIUaseRbhdthe i) TRFRGs, IR HobBorml ASAURGIOHARRE! I UM of
ODN5, the absorptlon band was sh | fo orter wave ength’side in
dstglp Yeidisyl axisgindicates the ﬂuorescence intensity. In FIG. 25, the black line

t he singl &2
indicates the spectrum change of the double-stranded ODN to which RNase H was
added during the measurement, and the gray line indicates the spectrum change of a

20  control, i.e. the double-stranded ODN to which the RNase H was not added. The
measurement was carried out using the fluorospectrometer, with stirring being
performed at 37°C.  As shown in FIG. 25, when the RNase H was added, the RNA that
had been hybridized to the ODN2 was digested and thereby the ODN2 returned to a
single strand, which resulted in a gradual decrease in fluorescence intensity.

25  [Example 12]

The change in fluorescence emission intensity was observed with the
concentration ratios of the ODN1’ (with a sequence, 5 -d(GCGTTAAATTGCG)-3")
being changed, where the ODN1” was a complementary DNA strand to the ODN1
(n=4) (with a sequence of 5’-d(CGCAAT[113}4 TAACGC)-3"). The measurement

30 conditions were as follows. That is, the strand concentration of the ODN1 (n=4) was
fixed at 1.0 pM, a 50mM phosphoric acid buffer (pH 7.0) and 100 mM NaCl were used,
and an excitation wavelength of 488 nm (with a width of 1.5 nm) was employed. The
measurement was carried out, with the concentration of the complementary strand
ODNI’ being 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, and 3.0
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This inplies that two [114] (4) nucl eotides contained in the ODN5 fornmed an
i ntranol ecul ar H aggregate. This aggregation resulted in guenching of the
single-stranded ODN5 as is observed in the [113](")-containing ODN. That
is, 5 conceivably, the cause of the fluorescence em ssion suppression
(quenching) is that the dye portions of the two | 114](4) nucl eoti des

Coupti ng 8¥kur PR mERRwRER! Tryeo LA P 2k TG 2 afone

cont ai ni ngotizemt4l hm]n(ldiicatmgctheeqdmkémtmmbﬂseﬁ titt O | “deitteekpargto thbe

conpl enen i .. cas f 113 cont ai ni n
et e SENhEHA A i B IR efbe e opistnbs ExF 0L B B8 dlis i ¢ o
conpl enentaluy) OBMNL' (SMmejef ﬁmmmdceby Advhowake #1@ 28, thErfhloma&m:leenent resul t

is shown ehﬁsﬁ)lncf‘htegs} gtlec@a g?rgﬁtlg; ﬁaﬁﬁmﬁ fl’?ﬂ 101ils?nl?wftff 13%’?@{! Qécm'a%

ODN1 (n=4) IS a‘ce nlng
(n=4)/ oijlthagsmpteto sﬂllfr Waleps nipmberr wkgetbe eqe velent mimdteo nf OIS was dort her eof

obt ai ned ghtgs Mt’itacﬁﬁ%! aﬁm%uoaﬁr%ﬁ@eagévmtga&@eﬂ SledFACh 16 ?bdggtgra strand

concentration nt ai ns phosphoric aci (sodi um

phosphat eﬂlﬁ‘ﬁﬂlleé?DEé |(%ﬁ)éw?n@ﬁﬁd viththeRPNIGet mvwrsgatio oAsubsHogpmamauts G 23,

the left gﬁinhbeggﬁwf@h@gmﬂayofpm (n=4) single strand hardly emtted
fluorescence after, ir, a iation with a 150 W hal ogetg?I % t(bUt t he r.ight

cel | ¥ containfage ve(Wh @’)thm%@moé‘n%‘ff} NWkiS gr een
f | uor esceaqel ttﬁdSb’sma@lbﬁﬂhELﬁ Yhat GEtHe DN (€54)t the fﬁx@fegcérﬁs bﬁténs‘h@ﬁn&@is@é, fmed even

when t he conpl enen correspondi ng
conpl emenP4P ngﬂwo i‘ler‘éﬁﬁemraﬂﬁ? Qg&@rlargf’%%Néa “i“g’stﬁ? &M no“ﬂ? alspen g t he
cases of (HaN2safor cXdifle,. a frubé, ik possble Itmdétélmma&ﬁS]u@ﬁtlt@aN&e&E@efDNA t he
same resultl _was 0O
correspo nhY Ry a%u&%lt@?r@ﬁ?rﬁcﬁnﬁ\}ﬂ?e(lﬂﬁwﬁﬁ?  exGyss ?é}@@éﬁégs@%@%ﬁmﬁ rand
conceit r abdded tovite sHsthin wireradai QDDA (tadget BNAD erssul Farthemere,dldlsd ised WI th
respect t
eepect oo (N ELEIAD T B0 PRENGurt A S BIRGRL o
dependi ngOlO(ifJCl‘dW@m th¢ Huolesrence mtmsyeasy to determine the hybridi zabl e
Leful Tor visthire Reanghti ob Rty ey LAY DAL ka&@‘é‘?st&%ﬁ%? e@%ﬁe‘é‘éﬁt ed
by Chemi céFa s atian calrv_]_ezlgabbqa g%/qpmg be ellagql as shown in FIG. 26. or example,

20  when a sample in which the concentration of ODN1’ (target DNA) was unknown was

measured under the same conditions as those employed in this example, if the
fluorescernce intensity obtained thereby was 80, the ODN1’ (target DNA) concentration
can be determined to be approximately 0.55 uM from FIG. 26.
In fact, when the quantity of the ODN1" (target DNA) sequence contained in
25  nucleic acid was determined by the aforementioned method, it was possible not only to
immediately detect the occurrence of phenomena such as amplification, degradation,
and protein binding of the sequence concerned, but also to quantify such phenomena.
[Reference Example 3: Dot blotting analysis]
With respect to a new fluorescence DNA oligomer synthesized this time, in
30 order to observe the change in fluorescence properties that was caused by hybridization,
a DNA analysis was carried out by dot blotting using the ODN (antiB1) and
ODN(anti4.5S). For the target DNA sequence, a short-stranded DNA fragment
containing the Bl RNA sequence was used.
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synt hesi zed in the sane manner as in Exanple 4 except that a conpound
represented by Chemcal Formula 119 bel ow was used, as a dye, instead of
compound 107. Zn + 11 9 510 15 20 128 25 N/ / S N( )n / \ OINH S
000 NNH H/NH HN__~O NO OP-O O,1 S, 120 Conpounds

(ol i godeoxyri bonucl eoti des) represented by Fornula 120, with n bei ng 3, 4,

S o2 . S L RS B SOTR PELE o S NG S 00 OO
5' - d( CGCARTfth&Mofs XHeshoEGS raBliedBNA fraigment saigaine therd. SR RNA feguaixsor Thison
por for man AR She BE e B R R T T O Sk T B, e
sane as t howelogypd theddl familsx ampthes reﬁerezfde@xamplesﬂmmDNﬁmtlﬁawdé)mt
results. @n@ﬁ% GRile ﬁ%ﬁéﬁ@d L.J]EN?AP&%O%&Q ﬂ)r%ﬁﬁﬁltxé fhd two [113]¢sy nucleotides
were integrated thereinto, so that they were provided with a high sensitivity and a high
fluorescence intensity. The structures of the ODN (antiB1) and ODN (anti4.58),
which were DNA oligomers, were as indicated in Table 5 in Example 7.
More specifically, the dot blotting analysis in this reference example was
10 carried out as follows. That is, first, the following two DNA fragments (1) and (2)
were prepared with the automated DNA synthesizer.
(1) DNA double strand containing 4.5S RNA sequence and complementary DNA
thereto as follows:
5’-d(GCCGGTAGTGGTGGCGCACGCCGGTAGGATTTGCTGAAGGAGGCAGAG
15 GCAGGAGGATCACGAGTTCGAGGCCAGCCTGGGCTACACATTTTTTT)-3°
(SEQ ID NO. 11)
(2) DNA double strand containing Bl RNA sequence and complementary DNA thereto
as follows:
5°-d(GCCGGGCATGGTGGCGCACGCCTTTAATCCCAGCACTTGGGAGGCAGAG
20 GCAGGCGGATTTCTGAGTTCGAGGCCAGCCTGGTCTACAGAGTGAG)-3’
(SEQ ID NO. 12)
The DNA double strand was denatured with an aqueous solution containing 0.5
M sodium hydroxide and 1 M sodium chloride. An aliquot of this DNA thus
denatured was dotted (spotted) on a positively charged nylon membrane (available from
25 Roche). This positively charged nylon membrane sheet was moistened with an
aqueous solution containing 0.5 M sodium phosphate and 1 M sodium chloride.
Thereafter, it was incubated at 50°C for 30 minutes in an aqueous solution containing
0.5 M sodium phosphate, 1 M sodium chloride, and 100 pg/ml. salmon sperm DNA.
Thereafter, the positively charged nylon membrane sheet was incubated at 50°C for one
30  hour in a DNA oligomer aqueous solution (the DNA oligomer was 150 pmol of ODN
(anti4.5S) or ODN (antiB1)) containing 0.5 M sodium phosphate and 1 M sodium
chloride. After this was cooled to room temperature, the hybridization buffer solution
was removed, a new phosphoric acid buffer solution was added thereto, and
fluorescence emitted
35
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with the horizontal axis indicating the wavelength (nm and the vertical
axis indicating 10 the absorbance. FIG 24(b) shows the fluorescence

em ssion spectra, with the horizontal axis indicating the wavelength (rim
and the vertical axis indicating the emssion intensity. The black line

i ndi cates the spectrum of the single-stranded CDN, and the gray line

I ndi cates the spectrumof the doubl e-stran bri di wth a

conpl enehb’aﬁh)ﬁ’ nosktively chissapd nylon mersbyan q}eﬁ'tt"ﬁ@ =L §Vt1 fided ODN, the
15 maxi Mmygrd28odavaLRIS e (hadbagme) a9RilabufrdnBB®Rud. weBhs hi f t ed

t hrough the formgtion of, .a doubl el i Fuy i her nor a g FIG
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consi der Wm&%ﬁmmm@?Mo@mmm@km@nam availfblesfront s
concel va ect L8 ttélanded
stateb AR o ciRie i HeR et oo Ipeg e Lt
;:Ilhfftca]r:)ﬁn'zpc]%te @peB).pt |7on fband fromthe CDN ( Conpound 113) of Exarrpl e 4 and
e npo Q exhibited a good exciton
effect. This i mgg gsh P co%neHd@%egst i on can be carried out using
f1 uor escence prE‘Iﬂer%’(a}uata atrlreamla’tfle stemshpwing the ptaterwhercodhAs r om each

other in r
With RNA]ha{an d%%‘(\%x%ht s@&ﬁ@%&e%b %m[s 3 rawh%r Jvé'ere':lﬂbff%g'rdi‘f'a Ql\fym](%}ﬁu Plhg at)rN zzand

(Wi thoa membease. oThs fouy sTOtFTN(the IgIRex)PWTIRATsats 4.5 & correspondi ng
conpl eneny, ﬁéénc%?lb!ﬁlﬁ&ﬁ ARODAAA A Bhd Rfur spaBélint BRe idwer Rse endieatnBsi on

spectrumt ereo measur ed. Furthernore, RNase H was added thereto,
and the dﬂgﬁg@ﬂtﬁl@%@?}@m was observed. FIG 25 shows the result. In FIG

|2§ » E:Qteeg(){ 'héol[lfﬂ% rﬁf‘g’sﬁ" e[‘ﬂia?é’hﬁﬁ shéwind the flusrshcbhes ¥@rdsioabbained
the Spectalah exahauoB e AL & e DN GRABH Yot g solHa " added
g Urz'origo';[‘e lfTeaSElfG? F!‘f?ﬁ&) 13@[1%1'@an:gsmwinme fildoratesce ém1$pxm:bbtamedhange of
Sdded.  Trdrimsuaunl e rted RO Tk N (EnfR 2pbbBpBE SRS O |
s'é:jre(rjl ng bei ng Asﬁehé\efﬁﬁgi‘m 2377@; whs Eiseilbe tmrﬁaﬁmﬂuﬂt@@entﬁeOMe H was
Cher eby (HRRER@OrLALATEn Ebe At AEs Motdiec kbl imig Lﬁdéﬂ% . ﬁdaaS?adua|
decr ease withblitioamyteg ot washisg t@peﬂﬁd{yaﬁﬁlptbe bl!]ttlﬂgeﬁs@ﬁﬁn
fluorgscence&lF e 30ubMiER Wity (HEDroPSEWiRsh Yhd DDN&antid.59) had been

added, strong fluorescence emission derived from the spots of 4.5 sequence

was obtained, but the fluorescence emission derived from the spots of BT

sequence was ignorable. By contrast, when the ODN (antiB1) had been

added, the B1 spots exhibited strong fluorescence but only very weak

95 fluorescence was observed from the 4.5S spots. Thus, the DNA oligomers

prepared in this reference example can realize an assay that is clearly

different from a conventional blotting assay in requiring neither a

cumbersome multistep washing process nor an antibody or enzyme

treatment process after blotting. Furthermore, unlike the on-off oligomer

30 such as a molecular beacon, the DNA oligomers of the present invention
allows a plurality of fluorochrome-labeled portions to be introduced easily
thereinto and thereby allows fluorescence intensity further to be increased.

This is a great advantage of the present invention. The
fluorochrome-labeled portions each may be, for example, one contained in
35  [113lw nucleotide as in this reference example. As described above, with
respect to DNA oligomers with two [113]¢) nucleotides incorporated therein,
the change in fluorescence properties caused by hybridization with a target
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concentration ratios of the ODNI' (wth a sequence, 5'-d(GCGITAAATTGCG) -3")
bei ng changed, where the ODNI' was a conplenentary DNA strand to the ODNL
(n=4) (with a sequence of 5'-d(CGCAAT[113](4) TAACGC)-3'). The neasurenent
30 conditions were as follows. That is, the strand concentration of the
ODN1 (n=4) was fixed at 1.0 M a 50nM phosphoric acid buffer (pH 7.0) and

100 mM Na re used an. excitati on wavel ength of , 488 nm(with a
ndt o DA eSS ot Bn i HE e ROt PERIE. DR RISt dtcIB Al 1t he
concent r aDN oliforhére withriplod ME3 1L, pincledtid adighcorPbhlied therefigea be@sed ad. 4, 0. 6,
0.8, 1.0, 1.5, 2.0, and 3.0 35 130 isM The neasurenent results thereof are

shown in PF@ f526 In FIG 26, the horizontal axis indicating the
equi val en{Refurdoes Endmplb@] ODNI' with respect to the ODN1 (n=4), and the

ertical a h r t I ive
vertical e PLeRRR: SR HALERTIREERLITAAN ANERR AL
f I uor escehiokerdength 89if 6 rmswmmeﬁr@mp}e # mas drttasldiced o 2edll §y praspojectional

| at 1 : i t nb
when the. corithp B Riniplod S SR AR o thipRabaRREssldh L lhAREIRLAT. numDeT
change af Mé‘ih mhévmumt%mpermmpd sitbaaneguy, lampi g cealell eeDegmerhgapdt he
ODNL (n=4) MnRitdicE GftleMel (Yol ?@PPD"#IGsais RJB(?Q%%I thE &dshifs OfFréubgiance anounts

(nunber ratio of_ nolecul es) descri bed above, when the

subst dhce PhofeEisph ken Hbdmuak%ﬁr@&mﬁ%flﬁsw @@L@otq%anhrta%ﬁmqr@g than
that of thao%hcé Bb_s‘é}vatlbﬁ'%ﬁ'fqgr @@Wmtmmwma@w%%aﬁeﬂ osed opor tion

to the conceé{{g on of thet t DNA. ince th I% %1@? so can be
used as, PBFE2 e Séh%‘P’BHbt gures, (s dWopgseencs Pﬂ? - deheiBgantity of
t he tar getutshidce)nf thegsseni ﬁg'ehﬂikﬁl WwhilesrRied &g poly(A pasl sIeMuéﬁ@éﬂfﬁﬂRMCESS of

o ste F ro%f#rssseﬁi it i, At D e BET R i51The Japiled

decr ease bhgdrher dfa]negmesdﬁlt\hﬂhvbmldrr mefﬁeqmdfm hotormdpirevitro gentedetediva bun t he

fl uorescence. |nltV S get tln order to determine the quantity of the target
DNA in thé gy%f/ Png? &K gﬁ‘pl e, a calibration curve maybe prepared

bef or ehanfRefsresboBxampie 5] G 26. For exanpl e, 20 when a sanple in whi ch t he

concentration o{: M c(ntnﬁ&g H?&%P!Bk{\‘rgé"ﬁ' ﬁl&ait? ﬂ%h N?(a er t he

sane conditions &s those e éxa uorescence
i nt ensi t ysefyeaderdd’ tdlﬁ"ET”E"B"J]nEld {BBTTTTE@ SNy a %@X@Ig&namoddﬁbléht ration
can bg, dehgiHY} D46 idtQdREAARRY LMY Bk YRement¥nkd BiddG 1R fhis case, Cys
was added to the 5” end of the ODN2 with an automated DNA synthesizer to be bonded
thereto in the process of synthesizing the ODN2 (with a sequence of
5°-Cy5-d(TTTTTT[113]TTTTTT)-3"). The fluorescence emission was measured
with a laser scanning confocal microscope. FIG. 31 shows the result. FIG 31A
25  shows fluorescence derived from Cy5, with the fluorescence with a wavelength of at
least 650 nm being obtained by excitation at 633 nm. FIG 31B shows fluorescence
derived from two thiazole orange portions, with the fluorescence between 505 nm and
550 nm being obtained by excitation at 488 nm. As shown in the figures, the ODN2
was bonded to the poly(A) end sequence of mRNA that was expressed intracellularly,
30  and thereby emitted light. This allowed the distribution of intracellular mRNAs to be
traced. As described above, a plurality of types of dyes (atomic groups that exhibit
fluorescence) may be introduced into the compound or nucleic acid of the present

invention. This also allows

35
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In fact, when the quantity of the ODNI' (target DNA) sequence contained in
25 nucleic acid was determ ned by the aforenentioned nethod, it was
possible not only to imrediately detect the occurrence of phenonena such
as anplification, degradation, and protein binding of the sequence
concerned, but also to quantify such phenonena [ Ref erence Exanple 3: Dot

aynt heot 2 TS Herellibld BRI LR, Bntthe ol BPR ESRRTNE Bt B R cence
propertieslLhabfﬂaue%amsémnbyaﬁy@hem|zatlon, a DNA anal ysis was carried

out by do Réﬂﬁ&&éﬂgnﬂﬁ the ODN (antiBl) and ODN(anti4.5S). For the
t ar get DN& sequence, l3%ﬂort stranded DNA fragnent containing the B 1 RNA

sequence was us@heaﬁgﬁQQEMMHi@[gﬁhﬁﬁﬂueﬁmgﬂmwefof the short interspersed
nucl eag eke 'PFﬁﬁﬂiﬁ@jF RN&19?Q&gﬁgmxgyﬁﬁbgE&P&ﬁﬂmﬁ@@iﬁ@Ort stranded DNA

fragnent contains th sequen uence’is one of the small
nucl ear efn%aoa?féaleﬁoen%l th@é@ﬁlt%%ﬁ'@w ciyifgion yeasdsecehwith éhe lagaiol ogy to the

Bl faml yscahﬂlnfgmoﬁfobﬂfrﬁfc%e@peeﬁmﬁﬁedimyQ@M d?e@ﬁb O @PN 5 (anti4.59)
were prepared as{ﬁNAérﬁwﬁoners for blotting nucleotldes
|

vere int eBPRIPEHAHY tes {excitgtien %tﬁh‘%&%@éi BWWC&B%P %htelﬁecé Hwgen
sensi ti vi 595 amtnd 550 @k). f FLEr@seeneehd REENS RIG. 3T hlede UG ass @fat t he ODN

[ Tabl ¢ SR e o ot s SR, Fomos ey S Rty < i -

thi s ref etcnee laxanpye Ma&chﬁihgmn Jthedlapsdd thfe {ablct By&ction lo@ithel BDND) 1sst, t he

Lo 0wt a1 LAt A8 S8 PGPS oG o

conpl enmenwas yordkiratechartbe oelasudlalsliowsadiately after injection thereof but was

Ao TSI A ATl LA PRI, ahbvpridiced 11y (o)

DNA dbubl Besawitind Pmmdamﬁonbe BreserRiifventigudhadeo wrpossiblepd drenmBMNA DINAet her et o

as foll oWg;anReradd JLEGT GGCGCACGCCT TTAATCCCAGCACT TGGGAGGCAGAG 20
GCAGGCGEATTTCTGAGI T GCCTGGTCTACAGAGTGAG) - 3 (SEQ ID NO. 12)
Table 8
0 sec & sec 38 sec 68 sec

08 sec 128 sec | 158 sec | 188 sec

218 sec | 248 sec | 278 sec —

20  [Reference Example 7]
An ODN was synthesized, in which the number of Ts located on each side of
[113]w4 of the ODN2 was increased to 24.  This is referred to as “ODN7”. This was
synthesized by the same method as that of synthesizing the ODN2. The sequence of
the ODN7 is:
25 S-(TTTTTTTTTTTTTTTTTTTTTTTT 113} TTTTTTTTTTTTTTTITTTTTTTT)-
37) (SEQ ID NO. 13). This was injected into a cell nucleus by the same method as that

employed in Example 17, and the fluorescence
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The DNA doubl e strand was denatured wi th an aqueous sol ution containing 0.5
M sodi um hydroxi de and 1 M sodium chloride. An aliquot of this DNA thus
denatured was dotted (spotted) on a positively charged nyl on nmenbrane
(avail able from 25 Roche). This positively charged nyl on nenbrane sheet was
noi stened with an aqueous solution containing 0.5 M sodi um phosphate and 1
M sodi um chl ori de. Thereaf sl 1 Wwas J ncubated at 50C for 30 minutes in
A aqueouSHETM TS MESIEL: g 33 0he VA ST eSrr B hesel tekS LA lapie
chl ori de, ofiaderifif) periad of thad. NOThesPPINN i2NAoncéhtateddh tler celltdueleposi ti vel y
char ged ny| rane_sheet s _i.ncubat ed .at,; 50C f or e hour in a DNA
o' goner - SaneoTETLARTSmBRRE il B AREHE A BB iR s eBRM e 4. 59
or CDN (amtthBARNAc@otah hhytyidized therswithomipBasmhlet 16, ambifidally, godisum
chi ori de. gfbLEd kLt HRRefi ALIGE Qb @R kRAPAr ature, the hybridization
buffer solution was renpved, a new phosphori¢ acid buffer solution was
added t hef®Btamplaad Miltigoloedeteetean]eni tt ed 35 132 by the positively charged
nyl on nmenbrane ghegl . 428 iPPsEhYuskeM:L [ ' em (trade
nanme) avail abl e fron%nBi olRé_Z. T}{e e’excé}f@ﬁs gﬁﬁ??‘gﬁ?e E%kﬁggipﬁ%\as | i ght
obt ai ned BYS¥BHY 6f themgesenighvendiontallew myltisplondetesfionedismplanantray sfrands —
Model - 2279{}%&&iﬁ§,@0f‘_@9®plé\(ﬁff&%ﬁ| sbrpAh WaVl SA%H (g%@ssioﬁ-%@vel@ﬂ%ﬂ@sy ng It
e

t hrough a _UV/ bl pe |ight converter plate (UVP). 27 shows t1

measuf &nefemt eashofher.” Flds @%@m@e&t@%ﬁm‘? VP Wy y5E%idxg (3t at e wher e

1DNASO mf;av gﬂﬂp_fld_a'ﬁﬁﬂ‘bft{@ﬂuo?@t@btﬁﬁ?p?tiﬁaﬁ@m&@g?h‘ifﬁ¥éﬁegt_ﬂwﬁt1@s ?151 i%tSth@Qas@d‘ oft nylon
menbr ane. e r 0 e, upper ro ndi cat e 4.

sequence- @8}:{{1’3%‘?3&3%% aﬁ‘i &é‘? hePtig FQ?BB{%%C’E Y?é‘qué\ﬂ@PreF‘Eﬁ%CNéPa‘{‘% ate Bl

RNA- cont abligsiierbMWare $yinfhesi2zéd [Prodhsced) glidaguiicoldh awetiprt dfeofdplptiasaence

em ssi on otl?t gi ned a,fher i ncubation was carried out in the ODN

(anti 4. 58?-‘36l ﬁthilisﬁiirﬁla S8fution. 15 FIG 27(c) is a diagram show ng the

fl uor ¢scence enfFssi DN Aoditaadn@thoadscerceild Ahditgomersiascle af whie conttzined at he ODN

(antiBl) - | i | uf | in YA S possi;bl e, to read

the fl uorfei'gég%om:dg %0 Ct?%eﬂéb %?%F?de@;g%g?l %fpgrf (gljén%ﬂ% glr%«):\’r“é?r%\? ti\:/B\‘ffStlZhe’da‘meﬁl

f | uor escetestiuptmyisnd dgy Stenic group exhibiting fluorescence) portions being varied. In

the following formula (121), “Dye” denotes the dye portion.

Dye
<,
Dye” >SN NH
H | IS
.r‘\ N 0O
O 0
0

-
O=P-0

N
(121)

20 Specifically, compounds (DNA strands) 113, 120, 122, 123, and 124
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W t hout carrying out washing repeatedly after the blotting assay. As a 20
result of the incubation with the probes, when the ODN (anti4.5S) had been
added, strong fluorescence em ssion derived fromthe spots of 4.55 sequence
was obtai ned, but the fluorescence em ssion derived fromthe spots of Bl
sequence was ignorable. By contrast, when the ODN (antiBl) had been added,

the Bl spots exhi b| ted strong .fl uoyescence b onl ver
f | uor esceNE¥ e ¢ PHELoRs SQBY%B?QI’YM Hé fgﬁlﬁk]ﬁﬁ goners
prepared i® édnivslyr &f tae eDgE” potaoPpLentgiasd frehk If(i‘rﬁlLlﬁl?aW(la:iﬁayInttlIihafollbﬁ/u@ early

di ff t . f I tt
cunber somoTEE 8 e SEKFHEtD e BB hon iy YOI SVFHS BF  oat ment
process atdepodidetll’,ngo, mnnmmnm ¢comhpdoads Ivhosm*lmkéf leogﬂhgnmre 304, 9uch as
I I h [
o urart vy 2 ERRECR e Bk e A D The ot s NS S Sl b Slee 7 O °
t herei nt ona:thzbdtalselmbmpw)deémhmrumdm&ymheazsrﬂﬁmlewl tqfir thxemples 2bé, 6, 7,
| ncr easedoe 1 Jli Rolcde p@ﬁ&@&@ﬁ@?u%%w@s Wi 380 I)HHIE%E ghe
e ort

fl uorochr orre ons ea conSI ained in

35 [113]( nfaspenﬁlcfblefomst@eg abthedye AP r&@mﬂ@ém@i élmﬂs@s thas raplase thardse Wove,
W th respg ﬁkva& Qal%ﬁ\oﬁI 1'n€i CTEne Mhhdtr b¥h dhi %?fltﬁésls Suat g%l@ﬁ&h&ges Rer at ed

t herei n, e chang uor escence prqf i es cause I zation
with &0t aﬁggppleﬂwom@xw%%me s tures 1 thergay mﬁteﬂaismr@ﬁmﬁééu@bbm e.
Thus, it tﬁh%@edn%r&t%ﬁ{pohﬂéglww lQbeﬁgé@fe%affﬂetsﬁlllqét}ﬁ&s b&ﬂh%]séEQf Obllﬁbﬁg%d'sgesp |
i ncor porate ein can be used ef er ence Exanpl e ol y
T DNA ol i § H@FII Orfén thyesPesEive Fx e%l%‘??&’égE‘LW%THIHﬁ’ﬁl‘éF%Hye with a Iinker
|l ength n of 4 used i p Exanple 4 was introduced into a cel\ by

m croi njection techinique using a mcro gl as§HN , and tRe fluorescence
em ssion was then asured wth an inverted /i crioscope equi pped with a
mercury | anp, a copled CCD canera, and escence filtier set (for

YFP). FIGS. 28 to {30 show the results, FI Hels a 10 photpgraph taken in
differential interfferonmetry, :

superinposed on
ol i gonmer (labelin
pol y(A) end sequente of nRNA

(120)

15
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that was expressed intracellularly, and thereby emtted Iight. That is, the
| abel ed DNA 15 oligonmer of the present invention is effective for not only
in vitro gene detection but also in vivo gene detection. [Reference
Exanpl e 5] Further, a common fluorescent dye, Cy5, was bonded to the ODN2
(wth a sequence of 5 -d(TTTTTT[I 13](4)TTTTTT)-3") by a conventi onal

nmet hod, which 20 further was introduced into a cell by the aforenentioned
met hod. In this case/ Cy5 was added to the 5'HM of they,ODN2 with an

aut omat ed DNA synt hgsi zer to be bonded the o in the pnocess of

synt hesi zi ng t he 2 (with a sequence of
5'-Cy5-d(TTTTTT[ 118] (4) TTTTTH}C® ¢ fNuorescence em ssi on was neasured

wavel ength of at | € y?
31B shows fl uoresckence eri

: ¢ g\ by /excitation at 488
nm As shown in the figures, the ODN2 was bonded oly(A) end
sequence of nRNA that was expressed intracellularly 0O and thereby emtted
light. This allowed dhe distribution of intracellular to be traced.
As descri bed above, a plurality of types of dyes (atom c groups that
exhibit fluorescence) nmay be introdycgd2i)nto the conpound or nucleic acid
of the present invention. This also allows 35 134 nulticolor detection to
be carried out, since, for exanple, respective dyes are ifferent in
1,,,ax of fluorescence fromeach other. [ Refermgees Exanp
af orenenti oned CDN2 (with a sequence of 5 TTTTTT[ 113] 4)TTTTTT)-3")

a{laser

, at 633 nm FIG
3. grange portions, with the

ved fromtwo thi aze

was injected intojfa cell nucleus by the ti oned net\hod, and the

fl uorescence em sgion was trag he scanni ngpjcpnf ocal

m croscope fromi diately af on\(0 second ppr oxi mat el y
4.5 mnutes (excifati _488nm i uor gstence gb ed jbetween 505 nm
and 550 nm. FIG]| 32 The resul i petg ) dijagrans that 10
show the progressyafter injection of the ODN2, tojright and from
upper row toward\lower row. In each diagram the el/apsed tinme (after

injection of the 2) is \

CHs

(123)

Dye= USe—_

_N+
\
CH,
(124)
5 With respect to Compounds 113, 120, 122, 123, and 124, ODNs were

synthesized, each of which was represented by a sequence of
5-d(CGCAATXmTAACGC)-3, where X is 113, 120, 122, 123, or 124, and n 1s
the linker length. An ODN represented by a sequence of

138



as indicated in Table 8 below. As shown in FIG 32, it was confirned that
the ODN2 was concentrated in the cell nucleus imrediately after injection
t hereof but was dispersed gradually throughout the cell together wi th nmRNA
(poly A) hybridized 15 therewith. According to the present invention, it
also is possi ble to trace nRNA in the manner as descri bed above. Table 8 0

276 sec. . SquGar AR mAnE G0 R R R ReuToiy OPR anTth the
nunber of OQN repceseettd by asagiense d’éS’etﬂ(C([GAB]F(lQOM)TAmm\JZ wadentindneased to

24. This k&e{f&]‘ eﬁg&eh%]?ﬁé %;OD)}I rg%é{;@ezdnf gﬁqﬂgfgﬁ%’?d by the sane nethod

as that of synthesi zing e ODN7 is: 25
d( TTTTF FICGTARTIIZ2TE TRATGC)-318] r(e&)‘rEdTﬁl' asranr OPRETTTAROONTT) - 3' ) (SEQ

P s ST LRSI T B B g
rreasured “ePt9733 rgpmpm@@c@sﬁggewfémd@ﬁcmgﬁzﬁf@w@%ﬁs e of a

certain p?srﬂef%‘ilreefto EMIF‘OEN‘?O@NX/M% éﬁeﬂ%ﬂé}{ @Ftﬁé’dﬁNf e 6! bpRige! eus
i redi at el a ter |n]J(Ject| on but was ersed W?ra ual I’y througholit the cell

t oget her HleDlﬂ§WH§lﬂmﬂ<aﬁ1£@%Hﬁ9fé than@ were methepized. 17, and

finally, ids g@ﬁe@ di spersed around the cell nucleus as shown in FIG 33.
[Exarrpl e 13 Mul.t.i.col or det ect f n Exanpl es
5 and140, the fMWjBtEREShOS2PRA %8‘8 Q@%hg? 430"9%3?%8 pf*é@ﬁlw éﬁ&? al | ow
(rjru :c ]E i col O(Higgt@at@mm@tnﬂ?rﬁﬂeemmcﬁrtuerﬁtmaramwe@w {&Mlaﬁﬁmblzfgltr]gﬁd(aﬁm e,h

i fferent absorptjon wayel en wavel engt.hs romeac
ot her - ThiGoar bith grearRlErlty shad Dol S Mo hnlireyr s igonspec it e

group ex hntmamrag ﬂrhmnasmem) cquditions meerdithiei sage db fliose emplostd ur;éaahes as in
t he cased n 11 nd 12 ln this e | e vari ous
{1 vor esceftumRATRETS ekt dedt for BRPrdERon i co B isiut ihdiPREd o

det ect$ oniofaldofptleme nﬂaﬂ“yble& Eadewtesasxcitation wavebangth, 16d Eiisdicat@NAe st r ands
(fluores C%ﬁn%a@él‘eﬁﬁﬁ%‘f ioreSAHle Ohidheh 150 @Jtéf‘ﬂaﬂgﬁi vﬁvelength Ex was set

so as to be almost equal to the maximum wavelength A« of absorption.

Table 9
Structure of double strand E, En
5’-d(CGCAAT[113],TAACGC-3’ (ODNI (n=4) / ODNI’ 514 nm 528 nm
5"-d(CGCAAT[120],4 TAACGC-3’ (ODN6 (n=4) / ODNI’ 650nm 654 nm
5"-d(CGCAAT[122] TAACGC-3’ (ODN8 (n=4) / ODN1’ 436nm 456 nm
5’-d(CGCAAT[123])TAACGC-3’ (ODN9 (n=4) / ODN1’ 534 nm 550 nm
5-d(CGCAAT[124],4sTAACGC-3’ (ODNI10 (n=4) / ODN1’ 54Inm 563 nm
20 As can be seen from Table 9, when the respective ODNs each formed a double

strand, they exhibited different maximum wavelengths E, of fluorescence emission
from one another in a wide wavelength range from 456 nm to 654 nm. That is, it was
possible to carry out multicolor detection of complementary strand DNAs using the
ODNs synthesized in this example (Example 13). Furthermore, with respect to

25  Compounds (DNA strands) 113, 120, 122, 123, and 124 as well as ODN1, ODN6,
ODNg, ODN9, and ODN10 of this reference example, their use in the same manner as
in the respective examples and reference examples described above, for example,

detection of
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nucl eoti de structure represented by the followng fornula (121), were

synt hesi zed, with the structures of dye (atom c group exhibiting

fl uorescence) portions being varied. In the following formula (121), "Dye"
denotes the dye portion. Dye HO O DyeNH/ -~ H/ I r 15 .S\ NO OO0 O
0=P-O OSJ S (1 21) 20 Specifically, conpounds (DNA strands) 113, 120,

122, 123, and 124 136 S esi zed, which_contain.portjans resent ed
by the fofPBRICHEIREY %Eﬁ“ﬁgiﬁ&r%gb W‘g/%‘ﬁ]r,Slsagnci]ﬂ%eﬁtﬁ?é’r}l%@r"f’ilﬁﬁr‘E‘ “hined in
t he for nukerd da2dgd odtytnindtiéadbd, onak rgnfirgsdorul ae, n is the linker length (the
nunber of ﬁ’%’l?q%l‘@tom)' Wth respect to the conpounds 113, 120, 122, 123,
and 124, gonpdh ds' whose linker lengths n were 3, 4, 5, 5 and 6 were

synt hesi zed, rebpmgta SMAY prifthe setyaohtadshg a leelcdgrimee df thet prégent ineersame

met hod; as . b At ' ' anples 1 to 4, Exanples
2, 4, 56 9W}Oﬁﬁﬁgﬁ%ﬁeﬁ®&m% eﬂllgféggez[%‘?eﬁr using dyes with

cor r espontiidgmpiate DN, @sll lingespect i vel y, instead of the dye 107. The

t hesi f th I {-ad out in the
S manner as. i FRPADENA 8H: Bffucto i huined R IBNGIIAD Spl ¢ 2
above) exe@peininggxon R paint prtaiioad 35BRi(Aeerigan hepet ilawrs Cadleetianhanfes
sui tably. celFifd i@%%&gggiﬁgﬁghﬁg%gg hbAnaAnH b3 RYFeck Hﬁezﬁ%ﬁ%ééﬁd’nupt Ures as

t hose of Conmpaqunds 11 the. respective exanpl es descri bed above,
respett i vEERPMIEIINA wap, extracke a {ky ¢gll line by a conventional method and then was

diluted to 40 ng/uL. This is referred to as a template DNA for full-match detection.
In addition, the template DNA for mismatch detection used herein was a human
genomic DNA, which was a wildtype homozygote with respect to exon 21 allele
(manufactured by Promega Corporation). These template DNAs were used for the
15  assay described later after being heat-treated at 98°C for three minutes and then being
cooled rapidly.
(2) Primer
Four types of primers were prepared for the SMAP primer set. These primers
are shown in FIG 34 together with the region (target region) containing a target nucleic
20  acid sequence in exon 21. In FIG 34, A shows the target region (SEQ ID NO. 14), B
shows a folding primer (FP; the second primer; SEQ ID NO. 15), a turn-back primer
(TP; the first primer; SEQ ID NO. 16), a boost primer (BP; the third primer; SEQ ID
NO. 17), and an outer primer 2 (OP2 ;SEQ ID NO. 18). In FIG. 34A, the lower case
“g” in the underlined portion FP is the mutation to be detected. In the case of a
25  wildtype, this site is a lower case “t”. In FIG. 34A, the underlined portion FP is the
sequence contained in the 3” end of the folding primer. In FIG. 34A, the dotted frame
TP1 shows the sequence contained in the 5° end of the turn-back primer, and the
complementary strand to the dotted frame TP2 is the sequence contained in the 3” end of
the turn-back primer. In FIG. 34A, the underlined portion BP is the sequence of the
30  boost primer, and In FIG. 34B, the nucleotide residue (T) indicated with a bold letter in
the underlined portion BP is the base labeled with a fluorescent atomic group (labeled
structure) described later. Furthermore, in FIG. 34A, the complementary strand to the
underlined portion OP2 is the sequence of the outer primer 2.
The FP was designed as a probe for mutation detection having
35
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CH3 (113) HN / /n'O Dye= CNl S-N CH3 (120) 15 137 HN H3CON / n
OCH3 Dye= S~=N+ S/ | (122) HNI n "OH3CONCI Dye= Csr~r -N+ H3
(123) HNj (/ in 'O H3CON CI KDye=1 Se -N+ CH3 (124) 5 Wth respect to
Compounds 113, 120, 122, 123, and 124, CODNs were

10

15

20

25

30

35

homology with the target mutation site at the third nucleotide residue from the 3° end
thereof. When a target mutation is present in the template DNA, the region containing
the mutation and the FP for mutation detection are completely homologous at the
mutated-base site, and extension from this primer FP can occur without being hindered.

In this example, as described above, the boost primer was used as the labeled
primer. In this labeled primer, in the boost primer shown in FIG. 34B, the structure of
the labeled nucleotide residue is represented by Formula (121), and the portions
indicated with “Dye” in Formula (121) each are represented by Formula (113) indicated
in Example 13 (thiazole orange). In Formula (113), the linker length was n=4. With
respect to the detection wavelength of the fluorescent atomic group represented by
Formula (113), the excitation wavelength was 510 nm and the fluorescence wavelength
was 530 nm.  This labeled primer was synthesized by the same method as in the
Example 4 or Example 13 described above except that it was an oligomer of SEQ ID
NO. 17.
(3) SMAP reaction

First, 25 pl of reaction solution having the composition indicated below was
prepared, which was allowed to react at 60°C. During the reaction, while a 60°C
isothermal condition was maintained, fluorescence intensity of the reaction solution was
monitored in real time using an Mx3005P system (trade name; manufactured by
Stratagene). In a comparative example, an unlabeled boost primer with the same
sequence was used instead of the labeled boost primer (labeled primer), and the
fluorescence intensity thereof was monitored in real time in the same manner except
that SYBR (registered trademark) Green I (Molecular Probes, Inc) was added to the
following reaction solution as an intercalater for detection. The above-mentioned
intercalater was added in such a manner as to be diluted 100,000 times in the reaction

solution.
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synt hesi zed, each of which was represented by a sequence of

5' d( CGCAATX(n) TAACEC) - 3", where X is 113, 120, 122, 123, or 124, and nis
the linker length. An ODN represented by a sequence of 138

5' - d( CGCAAT[ 11311" TAACGC)-3' is identical to the aforenmenti oned ODN1. An
ODN represented by a sequence of 5'-d(CGCAAT[120] (" ) TAACEC)-3' is

i dent i calTdHle 10he af orenenti oned ODN6. An CODN represented by a sequence of
5' - d( CGCAAT ] red to as an "CDN8". An ODN 5
represente %ﬁéﬁgﬁga&m%%ﬁﬁﬁ“mﬁ] (")TAACCCO)-3'" is referred to
as an " &ﬁ?@gr esent eé sequence of

5' d(CGCAATﬁ?L@él TAACKO) - 3' i 40pBMerred to as an "ODNLO". Wth respect
to each of {N& 4 CDN6, ODN8, 10amMb, and CDN10, ODNs with |inker |engths
n of 3, 4, Mag:m’siﬁm/mllﬁmynt hesBzsl] respectively. 10 Wth respect to
each of theTgEMNhaA=4), CDN6 (n= 9)1%CDN8 (n=4), ODN9 (n=4), and ODN1O
(n=4), aftepfaph of themwas alb to forma double strand together
with a conpl fary st rand, CDN Nte fluorescence emission spectrum was
measured. The rreas rement copdit re the sane as those enployed in
each exanmpl*YHEEE P%e%og,% gggﬁ)\gr the excitation wavel ength. The
result.is indicated 15 in T In Table 9, Ex denotes excitation
wavel ength, and Em i ndi cat eBE he1 M num wavel ength of fl uorescence

eni ssion. The excitation wa@dPen@i2b M was set so as to be al nbst equal to
t he naxi wmmgm%@mgﬁ* abse@rypiiten. Table 9 Structure of double strand
Ex Em 5' - d(&HA -E[ggmm TAACGCYH nd ODN1 (n=4) / ODN1l' 514 ran 528 ran

5' - d( CGCAATF 20 AACCC 350Dk n Z ODN1' 650 nm 654 nm
5 d(CGCAAT%lZZ] 14" TAACGC- 3 CODRK 4)15 1' 436 run 456 nm
5' - d( CGCAAT[ Megyfactoxaddy Babpehyly Kajsha Dn 534 run 550 nm

5' - d( CGCAAT[ 124] (4 TAACGC-3' (ODN10 (n= 4) / ODN1' 541 nm 563 nm 20 As can
Strand, they exiheNeEEEReS FEROSTRT A IF GRIE] B BT o R ek cence
eni ssison bdtkarnahe waedleasth of RAM ﬂ@(a\mt&immhlmgmbemi @m,456 run to 654
I T e PR e A Vi S I et
( Exanpl e #3yelehgth HE35mne fluirtscenes yeateléngth: 555 nm) Thus, both the
fluorescence intensity (Example) of the labeled primer and the fluorescence
intensity of SYBR (registered trademark) Green I were measured. FIGs.
10 35 and 36 show the results. In FIG. 35 and 36, “cycles” indicates “reaction
time” (1 cycle = 1 minute). FIG. 85 is a graph showing an amplification
profile obtained when the isothermal amplification reaction was carried out
by the SMAP method, and FIG. 36 is a partial enlarged graph thereof. In
FIGs. 35 and 36, a-e indicates the result of the isothermal amplification
15 reaction carried out using a template DNA for full-match detection and the
labeled primer (labeled BP), b-m indicates the result of the isothermal
amplification reaction carried out using a template for mismatch detection
" and the labeled primer (Iabeled BP), c- Aindicates the result of the
isothermal amplification reaction carried out using a template DNA for
20 full-match detection and the SYBR (registered trademark) Green I, and d-4
indicates the result of the isothermal amplification reaction carried out
using a template for mismatch detection and SYBR (registered trademark)
Green 1.
As shown in the FIGs. 35 and 36, in the comparative examples (A,
25 4) using the SYBR (registered trademark) Green I, a significant difference
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25 Conpounds (DNA strands) 113, 120, 122, 123, and 124 as well as ODN1,
CDN6, ODN8, ODN9, and ODN10 of this reference exanple, their use in the
same nmanner as in the respective exanples and reference exanpl es descri bed
above, for exanple, detection of 30 139 conpl enentary strand RNA, dot

bl otting analysis, and detection of intracellular nRNA were carried out by
mul ticolor, was confirnmed. [Exanple 14] Using a SMAP priner set containing
a |labeled prinmer of the present invention, 5 a nutation L858R (2573T>G of
EGFR exonirfluareseniat isthsith betdperifbaitilbiretdiNag ) arel the hiisreatth @) evapl at e DNA was

ot 30ty T8 TS SEUL 4605 R 5 GO LR Yy ™
het er ozygmaéhfwaﬂllplﬁ@a@W@S n@mnabd dh¢ ﬂu@ewentﬁ mgspigy of the ﬁd&mtqhitﬁl W@ﬁn A 10
genoni £ Diyh sy t?ﬁ&ﬁﬁ&t%ﬁ%éﬁq Fhéhe(&g' | Ob ieolitad, HIRY Bk A0 e W1 hOd and

then was di | ut to 40 IS I erre as ate f or
ful | - mat cHsiagthedabaded primer, aaamld inerrase Weﬂwmmeenwtﬁ fith lnmt@h vehét ect i on

used herebﬁhe%ﬂf?olﬂ%ﬁdw% B3 £ dMNVery MHe€ Bi @R wik Liorhal leRBavget e with
respect tq exon 21 allele rranuf actured bgéProma ga Corporation). These

tenpl at e alph (@) gadkthe mismatel (W Spseificelbs ¥ihep 8 gomppigsongyasapa

heat - treafesgeoato B8 GubRkcdrdl BReidith Uk@mdafA ekaﬁﬂebﬁ} é}g:lescfh@'fﬁqirﬁa@d?ﬂ @hy. (2)
Primer ﬁes of priners . were

T
P Ot M e he BB e PaeDareey 13 i By et oot Iy =
ant ai nlhn@hﬁ dﬁﬁérglﬁte wasaibeer®ed %Il,a@led vieﬁalllﬁnCﬁcdoﬂilﬂg( the breskiit 1E¢e§it10134 At .
shows t he ri mer e
second prfl nggbc%@(r&%g) sirige i fy %’é‘éei?cﬁi‘r}qﬂﬁty of gﬁdﬁ‘ﬁﬁ%ﬁ?}? Bst r| mer ;
SEQ I D NChlglh,61) alsaxm[mﬂalqablcl’rmk thBRjutdtion \hd;uatlgl merﬁmnnoﬁE@ dlﬁwanDFI(E?) and
t 4 th g"
e under o & 4 &t iled by Bitarehld 1 35 ifRe ¢ fuonelnedtfinef9RE 3 L
25 wi 14t yt:h@ misimatch{n} of the emmpiwlomsélamthat of migehaEciz k) of the congerativeed

portion gﬁéﬂﬂ%qﬁaoﬁ%}gﬁpg gla? 9&{?%1 QLE ﬂqnfh@ e&%ﬁﬁgl%;slt %g 8£sxﬁl@?0 Ifeﬁhég dtﬂg primer.

In FIG 3 tte eque Ree cont &l ne the 5
end of t hbackgraungaconseivably, thinis bepause etcﬁrposesﬂﬂmmfﬂymg@neéhqugemhe dotted

frame TP2ufiginkify $GAYRL ot iN8R tubleldRiBsanfi8 it&if and fluorescence

originating from nonspecific amplification of a region free from the target sequence,

20  which is observed when using an intercalater such as the SYBR (registered trademark)
Green 1. In the case of the mismatch, amplification was not observed even after 60
minutes reaction. From the results described above, the present invention makes it
possible to confirm the presence or absence of a mutation and amplification of target
nucleic acid sequence with a very high sensitivity.

25  [Example 15]

A wildtype of human influenza H3N2 subtype and a Tamiflu resistant mutant
type were detected using a SMAP primer set including a labeled primer of the present
invention.

(1) Template DNA

30 A plasmid having a wildtype copy fragment of H3N2 subtype and a plasmid
having a mutant type copy fragment with valine that had replaced 119™ glutamic acid
were obtained from Medical Center of The University of Tokyo. A plasmid DNA to
serve as a template was amplified from RNA of H3N2 subtype by RT-PCR. A plasmid
DNA thus obtained was heated at

35
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the turn-back priner. In FIG 34A, the underlined portion BP is the
sequence of the 30 boost primer, and In FIG 34B, the nucleotide residue
(T) indicated with a bold letter in the underlined portion BP is the base
| abel ed with a fluorescent atom c group (labeled structure) described
| ater. Furthernore, in FIG 34A, the conplenentary strand to the
under | i nego E%i"ﬁqrg Iﬁfr&ﬂé anfAe e YRGS Dhastd @ iplate IINAMEr the ddsayRB was
desi gned ‘as_a pro nutation detection having 35 140 honol ogy with the
target miteaddsgnibefitlatest the third nucl eotide residue fromthe 3' end
Egﬁ[:Of Wpt Iﬁelta{g;at rrutafjl OE Is present in the tenplate DNA, the region
I ni ng e nutation apd the FEP for on detectio e | ete
homol ogous at ik Sl?ﬁfﬁ"ﬁ?%BfEIélé’éersﬁlpglca&ﬂg%ggivéﬁ%qr&?r]epgm({]%l prd %@%r FPI zzlan
occur s tHoMbr ket ngl‘lli'ésimlﬁférsﬁré I’shbhzlxﬁueFHHfDB'é togs:hdemth bbel re@one t he

boost priner was the | :
(he. boos (CHFEehBPERBuFPI PR 5SS, PR AEid o pledis ARG suBLpPer - 10
Imrllg ! gg% Iegﬁ(} 51 Aluea lséhélﬁgtlesﬁiﬂweﬂmanEca’ targat tagion (SEQIID H\éopa,m pga,s

I N _For
i ndi cat edivml P.é)&i:%et(]ﬁr%f%fg ﬁ%@ﬁ%g\g@&@rﬁ E[:ﬁpdtﬁﬁi?@%qéj bFI(EO?.T‘E: ﬁk((ar113)

:c Fﬂgﬁ hs\(l:ﬁ?wsfa ti¥i-badk prempe (PP the fisstdutimeri SEQVEN NOng ﬂ%ﬁ agfolding
a | aakithl
wavel ‘EngtiFREE ?g?otﬁ?ng%‘ﬁ’é‘ (fﬁlre EI\'ms?ﬁ%cencéo\r%/a@\y/ea{ien t %be bbbﬁ ﬁietrat lI'ﬁlns

|E)a<1be| Ieol aﬂmrthmls@(prmsmﬁ@mp Ney nem’ewﬁdtm bQ‘PSF Héim?-_ik 4 or
anpl e

17. 15 (%‘fh %%i’%{bgg%?lon |rst ZQé) éﬁohﬁr:eeﬂé‘ﬁﬁni’é}P((Dngﬁgn 1\)/|$E@ e9, Ne

conposi t i awd andivder prinet 260N SER G&h g‘hﬂig‘s 2 gﬁ’%gct at

60C. Durigg NQy %g?e:‘%hé ‘?6‘we¥"6a‘1é<ﬁ‘ o 19(3;‘59 mﬁdﬁrmﬁeﬂqior@mﬁtdBPwomf m mai nt ai ned,

fl uorescence 1 nt ity ct| ution moni, t d I
usi ngtsan WosﬁhW@{S@ﬁPCﬂler‘gﬂé s #ﬁr@?é’@tgﬁPégﬁf)?]%%tt%g’a@eeﬂe; eal nt ;me
conparatl %r X28P ke indtheithddiehrd Haeiin BPniref H\QVKn:tdtans)armheslmeeetnce was

e LR A ok Bl 4500 T p O AVE g
Iﬁﬁg)ne\r,vag@ggcﬁ éwﬂgeitr%é\iﬁi]jﬂ!gé n:em;ﬂémadaﬁy Taaskeentar the Matlon (AMbO beul ar Pr obes,
det ot | onderrriechgaibreepnl g Hih a3 et A dd ylbrlifbitaush T | 2
as t e BPmibed19VAnaaantityps) isthememplantardary base to the mutation (T, (a )
to be detected. In FIG. 37A, the complementary strand of the dotted frame
TP1 is the sequence contained in the 5 end of the turn-back primer, and the
sequence in the dotted frame TP2 is a sequence contained in the 3’ end of
the turn-back primer. In FIG. 37A, the complementary strand of the
95 underlined portion FP is a sequence contained in the 3’ end of the folding
primer. Furthermore, in FIG. 37A, the complementary strand of the
underlined portion BPw is a sequence of the wildtype boost primer and that
of the underlined portion BPm is a sequence of the mutant-type boost
primer. In FIG. 87A, the underlined portion OP1is the sequence of the
30 outer primer 1, and the complementary strand of the underlined portion
OP2 is a sequence of the outer primer 2.

In this example, the wildtype and mutant-type boost primers were
used as labeled primers. In FIG. 37, the nucleotide residue (T) indicated
with a bold letter in each of the underlined portions BPw and BPm is a base

35 (labeled structure) labeled with a fluorescent atomic group. In the wildtype
boost primer, the structure of the labeled nucleotide residue is represented
by Formula (121), and the portions indicated with “Dye” in Formula (121)
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solution. 30 35 141 Table 10 Conposition of reaction solution

Tris-HC1l(pH 8.0) 20 M KO 10 mm (NH4)2SO4 10 mm Magnesium sulfate 8 nmM
Tween20 0.1% Betaine 0.6 M dNTPs 1.4 nM 4 types of primers FP 2.0 pM TP
2.0 pM BP 1.0 pM OP 0.25 pM AacDNA pol ynerase* 6 units Genom c DNA 40 ng
Total 25 pl *Manuf actured by Kabushi ki Kai sha Dnaf orm The fl uorescence

d h th th of
FAM (oxc! EX e FREkiiEa b roRiw TG Sled BO%Gmale b5y RSt TR Yana”
t he wavel &nkgriength Hexnffhchhthtrespnct mahmd@mhw@%ngmofmaﬁncemame f

I
the 1 abal Sigme BrPheprcliiied RS 1D HAEBRERGSUARO I SIRIRAF) |°
t r ademar kjh WctnqwaeeMM@cﬁ30mn& Ftlrﬂleﬁﬁomnnh tBemsitaitypkedopgsul ts. | n
FIG 35 agHm%p’the hﬁ of ﬂh@‘i’éb%f’ctd %e'f)ﬁa@fésﬂﬂe 1stfeﬁ.%" éz:l)?)yﬁé)ﬁﬂ WﬁlZ HUt e).
obt-al e

FIG 35 i gr apl an anp I catlon n’t he
i sot her rraﬁncathﬁmpm%laﬂmbwt%‘aehl Bﬁem§wla @4 )cﬁmch awepmer@d&w net hod, and

FIG 36 i gonma(td mﬁéhlte%lrlﬁ%il(aﬁfp?@ﬁ t hﬁrF%%ulal(sz)Fdh@@mkéﬁeﬁ@H Wi n=4:
i ndi cat es tth]@resu t of the isothermal_ a fication 15 reaction carried

out usi ng Yt espschiodhexiptestion wayelenggy ofithe ﬂ@@%qeahataw g1qup represented by

Formula (120), the excitation wavelength was 630 nm and the fluorescence wavelength
10 was 650 nm. These labeled primers were synthesized in the same manner as in
Example 4 or Example 13 except that the base sequences were SEQ ID NO. 23 (BPw)
and SEQ ID NO. 24 (BPm), respectively.
(3) SMAP reaction
First, 25 pl of reaction solution with the composition indicated below was
15  prepared on ice, which was allowed to react at 60°C. During the reaction, while a
60°C isothermal condition was maintained, fluorescence intensity of the reaction
solution was monitored in real time using the Mx3005P system (trade name,
manufactured by Stratagene). The fluorescence intensity was detected, with the
wavelength (492nm — 516nm) of FAM and the wavelength (635nm — 665nm) of Cy5
20  being employed as the detection wavelength range. In this manner, the fluorescence
intensity of each labeled boost primer was measured. The fluorescent atomic group of
the BPw for wildtype detection can be detected with the FAM wavelength, and the
fluorescent atomic group of the BPm for mutant type detection can be detected with the
Cy5 wavelength. The type and ratio of the template DNA and the type and ratio of the
25  boost primer in the reaction solution are indicated in Table 12 below (Examples 15-1 to
15-2). Table 12 indicates the concentrations of the boost primers for wildtype
detection and mutant type detection in the reaction solution as well as the copy numbers
of the wildtype and mutant type in the template DNA. The results are shown in FIGs.
38to41. In each of FIGs. 38 to 41, “cycles” indicates “reaction time” (1 cycle = 1

30 minute).

35
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| abel ed prinmer (|abeled BP),

anplification reaction carried out using a tenplate for
A indicates the result of the

b-~ indicates the result of the isothernal

and the | abel ed priner (labeled BP),

i sot her mal

C_

full -match detection and the SYBR (registered trademark) Geen |,

i ndi cat es

using at
Geen |.

i

As

esult of the isothernal
e for

25 ) using tﬁesg{ZBIGpI(IlSerl stered traZi)aan) Geen |,
difference HK€2 in fluorescence intdnaMy between the full-match (A and

the m smat ch(NH,),3@s

pri mer,

bet ween t

corrparl son was rrade W

exanpl e,

observed

he
50 cycl es,

wel |,

t hePful | - mat ch I
was approxi mately 7.3 ©Phes that of02 BMri smatch (.).

F?G cycles and y
(.) and théf%PEtatch
respect tooV

observed fromoandund 25 cycl es.
t he fl uor escmg@esmﬁgﬁ]ﬁtéy t hat hasxg mpgached a pl at eau was conpar ed,
fl uorescencerypepsi ty of the full-grpf,
the m smat chpfieOn the contrary,
a rapy
obser ved froIgl ar ound

ids hhe exanples (.
i ncrease in fl uor escenge intensity of the full-match was

| arge difference was observed
Speci fically,
fl uorescence intensity around,

(.).

a significant

Speci fically,

")

wh

m snmat ch det ection

anplification reaction carried out using a tenplate DNA for 20

and d-

anplification reaction carried out
m srratch det ection and SYBR (registered trademark)
he conparative exanples (A

when
t he

ch (A) was 5 about 1.4 tines that of
using the | abel ed

en a
for

M0 had a fluorescence intensi ty that
This difference was

even vi©Qbally. AccorlthgM o the present invention,

as shown

in FIGs. 35 Aald)ISﬁ,polynmaset he fl uortesasnce intensity of the full-match is
very high, Témplae®NA (phssid)| e t o gockpiehe nmutation visually.
Mhiich i's a graph obtained by enl arging

Furt her nore,

FI G 35,
exanpl e i

Si
s |0

as shown in FI G T84,

Tl R ef?lﬁﬁzlﬁ@%e@ iply

i's understood that according to the exanple,
backgroung,,,Concei vably, this is because it is possible to elimnate

exa

of 15 the m smatch (o) of the
of the conparative

nmple, it

it was possible to reduce the

fl uor escence orioinating from PDNA contajined-in the nue e acid-sa | e
itself and fluoresceénce orig of rﬁﬂoﬁtvpﬁm‘e‘?@ Vno .speé];emp e NG {c Wjﬁf-nnm;f a
region free fromthe Raicgat d%rnce 28%hi th is observed when usi ng an
i ntercal ater such as tshletidﬁYB?(‘ig éggz FTHEraWaﬁ@pd() e@% | Tothn t he case
of the mspmtch, anplificatipn (gh5erved even afffér 60 minutes
reaction. Fremthe—festtts—desert ucu ciils e pies Art—t+fv ,..L f—makes it
possi bl e tio confi rm-t-he-gp{-es =nc% abs%r\gee--af—-— ~frut-at i 6%6 -ahd %E Hification
of targel | mpie20t S 00 10 | 600 o0 | 6000 |
d 0.0 1.0 0 6000 6000
e 05 | 05 | 1 6000 | 0 . 6000
f 0.5 0.5 0 6000 6000
N g 05 1. 0.5 ... 5400 | ! 600 | _ 6000 |
JUOUOE S S 0.5 ... 0.5 | 4500 | 1500 i . 6000 __
Example20-2 | LR 05 ... 0.5 | 3000 | . 3000 i 6000 |
A 05 .. 05 | 1500 | 4500 | 6000 |
k 0.5 0.5 600 5400 6000

10

FIG. 38 shows graphs illusirating the amplification profile obtained when an

isothermal amplification reaction was carried out with respect to the reaction solutions a

to d of Example 15-1.

FIG 38A and 38B show the results of detection of the

fluorescence intensity at the FAM wavelength (492 nm / 516 nm) and the Cy5
wavelength (635 nm / 665 nm) with respect to the reaction solutions a and b of Example

15-1 in which the boost primer for wildtype detection was used and with respect to the

reaction solutions ¢ and d of Example 15-1 in which the boost primer for mutant type

detection
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nucl ei ¢ acid sequence with a very high sensitivity. 25 [Exanple 15] A

w | dtype of human influenza H3N2 subtype and a Tam flu resistant nutant
type were detected using a SMAP prinmer set including a | abel ed prinmer of
the present invention. (1) Tenplate DNA 30 A plasm d having a w | dtype
copy fragment of H3N2 subtype and a plasm d having a nutant type copy
fragnent with valine that had replaced 119 h glutamc acid were obtained
from Medi cal Center of The University of Tokyo. A plasnmd DNA to serve as
a tenpl at wasasedanpedtively. f koFiGINAS Afandi388, s ahd ppectoshoWTthP@RultAlpl asmi d  DNA

h bt al 9 d,
he'a torp AL R pEblanic) e P hnd Sleact HPAPILER Flchplts LoCh
types of @Nﬁn@mﬁaﬂtrﬁrﬁ@damdbelMhmenﬁﬂ@p’&ﬁemﬁmnhabmm& fori mer set.
These pri gpf; ;ﬁgﬁrd%teépmaé Qseﬁl egra VinkRYE { geﬁuo‘f‘éskéhc% hﬁeﬁsﬁ}%ﬁg&%bgé&@d &et

regi ons) con nlng targ ei ¢ aci d sequenc

37A is a HedMivavelmath fs%wwgd 37wcxaelgein the g«l@ms},@@mm} thet ﬁlllg)mmhea

wi | dtype aad e B@Jsgﬁﬁmeleﬂk%d@%@e{é@n&@ GR & th& HEH& qatthémﬁm & 37B
showsaturn-b pri mer first prinmer; Sg 21), fol di ng

10 pri mer D¥p{ ﬂﬁh@ Iglé@awaeﬁowhﬁre bOSE@ﬂTEﬁH\f@V wildtype e"\ﬁP‘F% PPEBRASEIn pri mer
(BPw; t hetHemﬂchsI@éﬂdEQlﬁten ds[%bh@ve@&)en eﬁieﬂﬁeaﬁm Re P@I%nﬁfd fﬁaﬂheéeBPm
thethlrd ri ner.; ) %q@nal% ut er |mar ENg&Z
an out FF‘@F'“GZ‘ E‘“S’SE’Q“FTISE‘ ﬁ“"r?-??e eé%’@?‘ﬂ’ WF%\O Sﬁé"e aEmedyy ¢ the
wi | dt ype wrahaexhghvem a6d@sk "@n tHebthdithabdde showe th PIT, 88BN whBEWthefbodstOE 15

e case of .the nutant-t t he

[ ower . casB e TS (kBT R uRs BRBHCsTos Foe A FLtHE  base
to be detvasbbstrvddrat Eie@ym&emrfgﬂl fremanrdutab®ecycles ifi tlemithet t3he BNA {a) t he
SQN egI edlgh% gﬁwhlﬁé%eg% &s Qgsxicﬁgfr omlﬁﬁt%ﬁ%wggﬁﬁe%tﬁm: h?nﬂﬁ%gﬁe?ﬂ A )po£ '? | lo)ﬁ
20 BPihd of inlthe wildiyped W A(ppthpt ingsmdtehes oviihl tberboesh pyindenfe ndantiigperut ati on ()
detection, no increase in the fluorescence intensity was observed even after 45 cycles.
Furthermore, in these two reaction solutions, no increase in the fluorescence intensity
was observed at the FAM wavelength (m and e). From these results, it was proved that
it was possible to detect the wildtype DNA at the FAM wavelength using the boost
20  primer for wildtype detection and it was possible to detect the mutant type DNA at the
Cy5 wavelength using the boost primer for mutant type detection. It also was possible
to observe the difference in fluorescence intensity satisfactorily even visually
(hereinafter the same applics).
FIG. 39 shows graphs illustrating the amplification profiles obtained when an
25  isothermal amplification reaction was carried out with respect to the reaction solutions e
and f of Example 15-1. The reaction solutions each contain boost primers both for
wildtype detection and for mutant type detection. In FIG 39, m, O, @, and © indicate
the same results as in FIG 38. As shown in FIG. 39, in the reaction solution e
containing wildtype DNA, a rapid increase in the fluorescence intensity was observed at
30 the FAM wavelength from around 27 cycles (m). On the other hand, no increase in the
fluorescence intensity was observed at the Cy5 wavelength even after the 45 cycles (o).
On the other hand, in the reaction solution f containing mutant type DNA, a rapid
increase in the fluorescence intensity was observed at the Cy5 wavelength from around
29 cycles (©).  On the other
35
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to be detected. In FIG 37A, the conplenentary strand of the dotted frame
TPl is the sequence contained in the 5 end of the turn-back priner, and
the sequence in the dotted frame TP2 is a sequence contained in the 3 end
of the turn-back primer. In FIG 37A, the conplenmentary strand of the 25
underlined portion FP is a sequence contained-in the 3 end of the folding

i | of th
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(121), anBotsEnHGIRRIdiationigretnayas farped oyf avith yespest tpthe rqaghian solytiopsdach ar e
represent ecb ayd F@fmdr@plé 143) |Iﬂﬂ16&@£&ﬁnlsﬂluﬁ&ﬁﬂ%ﬁtaﬂlﬁn {hid boostPeinger fdrl 3) . the

i nk h det th of th
1 er i ool pha i it el Ra s lal OEatmal %%%gwtay%? ri0E eglby o
wavelhengt me\kasS@mnh emfmamddtypél&etédgumrmaﬂﬂS aecivival a&ﬁ@idﬂsw\as,iﬁléiiﬂ).?rf}[ )

F t her no 1N the an e 00st uc (0] e
abel cu mEgiterhotd & B 8tlion $FuGP S ebnRinlia ¥ bosk A B3t ate { ne
portions detditomtused thietdin,"aBypdifichtiorFof mistratdhhRildtypaDN Aacansedctpy theboded by

Fogrrul a (ﬁéé)l):%fo?q{u?&tt%q)e dd e%ﬁgmag %&Wedrﬁ'grﬁ%? 5&%%/91)6%&5 he d ﬂker | engt h

r espect d tec 1 on mavelen fluorescent
at omi & gr othpr handy mﬁﬁrﬁdlmsolmlwd(f mmt)nmmg@thﬂm homst pimevavy@ engt h was

630 nm an@ﬂht}@ EE %%Fm\ﬁ?a}ﬁﬂ @%%té(:&&'l %'agi nc@%ﬁse W@%ﬂo@géfgg pr | ners

wer e synthes e sane nman r as In except

that the ﬁmltse@ﬁ%rﬁé@@dwv@r@gé‘cgat@l RONispBtE haadler vgﬁcgbsmmvm (BPM),

respecti Ve 90<(§'H€§‘Mo(ﬁ‘1é ﬁ@&ﬁl‘tﬁ&egf & Abscribed RY ffowseadhial sﬁﬁ:le‘t'ﬁé ‘&ﬂ)sw th the
conposition |n%acate bel ow was, 15 prepared on ice, which was allowed to

react at Bo@er ml]ﬁl@ypﬁ Klstectden fndothe b@mt |p§1rr§r for mutant type detection were

20  allowed to coexist in the reaction solutions, the full-match boost primer and the
mismatch boost primer compete against each other, and thereby the bonding of the
mismatch boost primer to DNA was suppressed. From these results, it was proved that
it was possible to suppress the amplification of the mismatch DNA by using both the
boost primer for wildtype detection and the boost primer for mutant type detection.

25 FIG. 41 shows graphs illustrating the amplification profiles obtained when an
isothermal amplification reaction was carried out with respect to the reaction solutions g
to k of Example 15-2. The reaction solutions each contain the boost primers both for
wildtype detection and for mutant type detection as well as both wildtype DNA and
mutant type DNA as template DNAs. In FIG 41 A, A indicates the result of detection

30  carried out at the FAM wavelength with respect to the reaction solution i of Example
15-2 and A indicates the result of detection carried out at the Cy5 wavelength with
respect to the reaction solution i. As shown in FIG 41A, rapid increases in the

fluorescence intensity were observed at both the FAM and Cy5
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60C i sot hermal condition was naintained, fluorescence intensity of the
reaction solution was nonitored in real tine using the MK3005P system
(trade nane, nmanufactured by Stratagene). The fluorescence intensity was
detected, with the wavelength (492nm - 516nnm) of FAM and t he wavel ength
(635nm - 665nm of Cy5 20 being enpl oyed as the det ection wavel engt h range.
In this manner he fluorescence inten of each %} ed boost priner
was neasurgyele f IFGB‘FIéE]éé?Ftut SRS PrY atﬁ?gﬁf'en‘f" en ROos PP e

dtet ecti onmralgﬁveﬁeb egéxeﬁi Mwahpbégﬁ;le\Am%@Im_g&ﬁm ﬁsﬂf}dlgbﬂéﬁed Mth@g@ﬁceﬂt ]
atom C gr u of. t he or nut ant, .t ecti can e t ect.e W t t he
o e Sl BBy Rrimef i oo o RO St b A S AR el PRESESE
ratio of Fhe 428 dhows thepiesulest demectibe careiad buat thoFAM wiaveength with casped i n

concent r alt B e MG g ok Mt éls 2 R ES G ACPEBSRURE it ant cype

det ect i ondetactidneofitafivdroscencd intansity carivdbit i shet Cd woysiengtinbyéhsespeét to he

.t yPe ARl YRE: [ LNE hATBLALR o2 TGy L SR ErcalRH [T

FI Gs. reaction
tinme" ( | s9lutiens—contaB@dnasthe tgmplaty @1‘{% vmédsme @mAcandpmstamtu type BNAr whesei on

sol ution & 0
ool Fat o '8 SNPTsicte GRikd Jlasthoiiin K% AR, B abinE et b IIalBEneS ! oM

TP 2. 60 M DB thapfully nayghed) with the bopst ryings fw;&@tdmets@wylrﬁkem@@d Bunits
Tenpl at e PNAeabPlARTre e REARAAR) W8 observed at the FAM wavelength. Furthermore,

as shown in FIG. 41C, even when the ratio of the mutant type DNA that fully matched
with the boost primer for mutant type detection decreased, an increase in fluorescence
intensity was observed at the Cy5 wavelength. From these results, the following was
15 proved. That is, in the case where both the boost primer for wildtype detection and the
boost primer for mutant type detection were used, even when the content of wildtype
DNA in the reaction solution was low, the wildtype DNA was detected at the FAM
wavelength, and even when the content of mutant type DNA in the reaction solution
was low, the mutant type DNA was detected at the Cy5 wavelength.
20  [Example 16}
Exon 21 of an EGFR gene was amplified by PCR using a primer set including
a labeled primer of the present invention.
(1) Template DNA
A human genomic DNA (manufactured by Promega Corporation) was used.
25  (2) Primer
A primer set composed of an unlabeled forward primer (F1) and a labeled
reverse primer (Labeled-R1) was used. Labeled-R1 was prepared by labeling the
undetlined nucleotide residue (T) with a fluorescent atomic group. The structure of
the nucleotide residue thus labeled is represented by Formula (121), and each “Dye”
30  portion in Formula (121) is represented by Formula (113) indicated in Example 13. In
Formula (113), the linker length was n=4. With respect to the detection wavelength of

the fluorescent atomic group represented by Formula (113), the excitation
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Total 25 | *Manufactured by Kabushi ki Kai sha Dnaform Table 12 Boost priner
(I'tM Tenplate DNA (copy) Reaction For For w |l dtype nmutant Mitant

solution detection type WIldtype type Total detection a LO-_ - 0.0 6000
0 6000 ----------- I b 1.0 0.0 0 6000 6000
Exanpl e20-1 -0.0 0.0 1. O 6000 0 6000 1.0 000 OOO --- 0.5--- 0.5---------
6000- - - wavelgngqg%s 510 %tﬁe gugr%(s)c%ngf(:) Qvgvelél was S?O 5400T@1950 6000

--------- Labeled-B1ov® sgathosiasilfy tB0684ne method-as in Example 4-or-13-exeept that the- - -

--------- . inB 5¢0.5 3000 3000 6000 ------------=---
_________ p§§e_s?q@ﬁ?§'?{a_§_§_ﬁp_21]j_l§l_8: _§§_ s-e------ -------j 0.5 0.5 1500 4500

6000 --- FI-5-AAACACCGCAGCATQ@TC-3 (SEQ-ID NO.27) 0--.5 60---------------- 0

_____ -- R14 @TCCH]%@ 8 shows graphs
il ustsrat Fﬁgele%e a%pQréAlAé}ac‘E(F%% profi ob al(% I\%gﬁan | sot her nal
anplification r@h@?‘i’%@%éﬁlﬂi&nﬁhlﬁ@e@iﬁen\ﬁltaﬁdr[@bﬁléé‘tmﬂé arpgion 63BQilBn
sol uti ons . 30;30%@52&@@41@%%%& RhGwirBhafithedPBruriow the resul ts of

det ecti on_of uor escence i nt enS| M wavel e 492 nm/
56 run) and CEASATRIGA NATTEBEGR CAEABSRG (o the

reaction sol uti onsFa and bof Exarrpl e 15-1 in which the boost prinmer for
and dibr GRS R ARA A A AR AL A BAREERA A BRRet ot on
146 GAGGTGGCTTTA-3’
Labeled-R1
A primer set composed of F1 and Labeled-R1 described above was used.
Using PrimeSTAR (registered trademark) HS DNA Polymerase (Takara), PCR was

15  carried out according to the method described in the product instructions. The

fluorescence intensity of the PCR reaction solution was monitored in real time using an
Mx3000P system (manufactured by Stratagene). Specifically, after preheating was
carried out at 98°C for 10 seconds, PCR was carried out for 40 cycles, each of which
was composed of 98°C for 10 seconds, 69°C for 10 seconds, and 72°C for 10 seconds.
20  This result is shown in FIG. 42A. FIG. 42A is a graph showing the PCR amplification
curve obtained using the primer set including the Labeled-R1.
After completion of PCR, 9 ul of reaction solution was electrophoresed at 100
V using 4% NuSieve GTG Agarose (TAKARA BIO INC.). Thereafter, the gel
obtained after the electrophoresis was dyed with ethidium bromide (EtBr), and thus
25  nucleic acid was detected. FIG. 42B shows the electrophoretogram illustrating the
result. In FIG. 42B, Lane 1 shows nucleic acid amplified by PCR carried out using a
primer set including a labeled primer (Labeled-R1), and Lane 2 shows the result of
electrophoresis carried out using 25 bp ladder marker.
As shown in FIG. 424, it was proved that the labeled primer also was amplified
30 byPCR. This was observed well even visually. Furthermore, as shown in FIG. 42B,
the nucleic acid amplified using the labeled primer was checked by electrophoresis and
thereby the target band was observed. Thus, it was proved that a primer labeled with
the
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was used, respectively. In FIGs. 38A and 38B, * and o each show the result
of a wldtype DNA (w |l dtype plasmd), and . and o each show the result of
a nmutant type DNA(nutant type plasmd). As shown in FIG 38A, when the
boost prinmer for 5 wildtype detection was used, a rapid increase in
fluorescence intensity was observed at the FAM wavel ength from around 27

I ingh i | dt DNA (. ful | t che: it he boost [
For vl dt §haRatrLBEHiT et ikl TosneT KRR bR ype DA (.) ¢ hat
m smat che§Exanmgle ifle boost prinmer for wildtype detection, no increase in
the fl ' ' b d,. .the 45 | es.,.
Fur ther mor o, 1 nCii 00t FGEReE NS ARt Po R Chys S Bt rifing
f | uor escendaeladtpeimsdrtof thegscsbsmverttbnaend henelinfg cunavaabsgtwas(perfamded) . On

t he ot her d\}/a%gi 1ASpNPWn in FI G 38B, when the boost primer for nutant type
detection S L?sed, a rapid increase in-the fluorescence intensit was

observed at theAdypsapgraomivgdNAf (numitacouedbyPromegh Erparatidng wastuaed. t ype DNA
(0) that (hy]yemat ches with the boost primer for nutant type detection. On
the other "hand, 15 in the w |l dtype DNAO%O) t hat m smatches with the boost
primer for nutaftPrigect @eample) sempessdiod ap salabeled farward primerd§d bandea

I nt ensi t y[eRd RRBIMRIME\ ERMIRT) AR £Yi5hESset (d%ﬂfr%ﬁ%bﬁ‘i?&@ed,df@nt hese two
no | ncrease jin fluorescence intensity was observed

;te atc L'ég EAPSH%EQE‘%}IE‘? i ppd gremep{g1) gnd %W%@V%%W@{ (Rnlt) WrEGUssHovéBe t hat it
was possi bbdretferiRined labblT] Wdbdledrel \DNAleaticdl he tHatDeday Bkanglch 6usi ng t he
e Bl o e bR O e RO NGk Bk e e
]E?/pe det ettidamical to thdtod thedsbd @S| b!le to obs_erve”the ?ihffe_ren](c:e in )

uor escepcec. | ry, isually ereinafter the sane
applies). Egl SG%g@&%%gégrﬁa%ﬁéiﬁgué#@ﬁﬁ%&t ZJQ anplification profiles
obt ai hed Riel-BAAAZECCACCROGTIAGAP(IEQ AN@IRMeacti on was carried out with
respect t ) t4 j d 15-1. The reaction
sol uti onsﬂggégﬁd ggﬁfaT%?gis(%greii?ecﬁsTﬁsh&f@ Iwggpe detection and for
mut alnt type det HeingSYBR fregistereddgademarlg, Premixalbl Taq i(registatdetradeharigame
results a : l)s‘m ; : %ﬁﬁ e
cont ai ni ng“%ﬁf%%%ﬁgﬁﬂ%a r agﬁ%ih:fbﬁglraggg@n?ﬂré}%rh%%fef uor edéggﬂﬁgi ?IH %Qsi ty was

observed @&t Welbayhlebeagprimes sevgrmosedorh B andrlenbelrddyls PER ey garriedpitt he ot her
hand, ;00 hRGFRASH thBnidifd dcbdifel$h BRGR oA GRELENoNES TRD SRS ELn8E t he CY5
wavel ength even after the 45 C){C[ es (0). . On_the other hand, 1n the
reacti on SEM§HY ghthe FdhteartinmiplvHanans optorehim real trappang fhedYlsa@WFi n the
f1 uor escepgeent thatFadyredds SeRGEEMSd Spedifi@lIGyHarprlean Wad dpe@sRund 29
cycl es (o& °Cc%1 tlgue otger . .
5°Cor 10 seconds, PCR was carried out for 40 cycles, each of which was composed
of 95°C for 30 seconds, 60°C for one minute, and 72°C for 30 seconds. After
25 completion of PCR, subsequently, the product thus obtained was treated at 95°C for one
minute and at 55°C for 30 seconds, thereafter, the temperature was raised to 95°C at a
rate of temperature increase of 2°C/1 min, and the product was treated at 95°C for 30
seconds, which was carried out as a melting curve measurement step. Between 55°C
and 95°C, the fluorescence intensity was monitored in real time. These results are
30 shownin FIG 43. FIG. 43 is a graph showing a melting curve. In FIG. 43, m
(labeled-primer) indicates the result with respect to Example in which a labeled primer

set composed of F1 and Labeled-R1 was used (FAM
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35 147 hand, no rapid increase in the fluorescence intensity occurred at
the FAM wavel ength even after the 45 cycles, and anplification hardly was
observed (s). Fromthese results, it was proved that when using the boost
prinmers both for wildtype detection and for nutant type detection, it was
possible to carry out detection of the wldtype at the 5 FAM wavel engt h and

detection_of .the. nt e at th wavel.ength, jn on reaction

sol ut i on. "fAVEe %hi ng’é( é%ﬁméﬁ n‘gr‘%éf BHBEDE ‘%ﬁ%}f’%ﬁ‘eﬁ?%’ﬁi WIELTeSRh Fhe d
when an itleotoneohiml wlznlph pfimeasét enmpesdtdfdl and R Icwas used (PAM watchengs pect to
the reactiygh soldtions b, c, e and f of Exanple 15-1. In the reaction

solution b containing the boost prinmer for 10 wi |l dtype detection used
therein, anplifiAsah¢wniroFlGHsthe oleltng amve (BrampRilabtaneddy ROR carnied boost
primergfor..w : i Vi I ).
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and the anplification, of mgggtcg DNA hardly vYas observed even after 9

cycl edd THE FrEssabiveniondgpn shrengly o capplemgataryii A theretadsnce t he
3oost pr bdimparfeé;) to Mﬁrdlhysganﬁeéle@ bﬁﬁi&r.anlihaﬁ e itheRSirowsd th&thd Rbeleat ﬁnt type
etection re 2 owe 0 coexist,.in the.reaction solutions, the

ful | - mat cH‘g\%g8§flgﬁ?itmreﬁhlqvﬁ’énow t SHp Bstiongs tﬁ@tr(’tjé’g‘ﬁﬁ%'t‘ CUEi nst each

ot her, anthat neraabyd thh@nbatidé, Bgctods deherallpiusabl NA 2P0, fpf exBRiplé.0 IDbH;bl was

suppressed.. FEr .fhese.re t it S oved.that it was possible to

Sopn eoe i FRmEt HRRSHAGRY kP ey Ael RIS BRACE B gl B ORAlS Bt

pri meis f obe dgveltiped dordbe epyliedriedmdlogli¢hdd dostasps thewpedibeitynoftamtlifioythen,

det e.Ct I ong r%?alﬁhlg. ) ‘f‘ljl Ee%?r% sﬂﬁfﬁp‘?ﬁu th efe%tﬂu@g'écn:?d gfrt@llel gés%@ttigx%}lti LOT iles

obt ai ned y%en an - i sot her mal anp i fiCatlon reaction was carried out with

respect t o ushénetemty fayansyparitenal systeman kvhoth ENAmyIBNA B @ed Tate reacti on

sol uti ons; i i A J it ion and
irRAG0ing A B Val e ARS Itf?lpeg {gl%g ?%“%%%Fgé {cau%eﬂ ao}régl%af%ﬂtt@ ENA DNA

for nutant type detection_as we th™ _Ee ] mut ant type
as tenpl apel a mqlequiqs bialogical mpprpari sinee itthae aikity fotemyt flurresseneenhatz 0

carri gf ouNABdr iR dFAMMRYE ength with respect to the reaction solution i
of Exanple. 15-2 and A indicates the result of detection carried out at the

Cy5 wavel Q’H‘Ej’ﬂplwah
Using a LAMP primer set including a [abeled primer of the present invention, a

region containing a mutation L858R of EGFR exon 21 was amplified.
(1) Template DNA

25 As in Example 14, the template DNA was extracted from lung cancer cell line
NCI-H1975 containing an exon 21 point mutation L858R (American Type Culture
Collection).
(2) Primer set

A LAMP primer set that fully matched with the aforementioned region

30 containing the mutation was prepared. The primer set includes LF (SEQ ID NO. 31),
LR (SEQ ID NO. 32), labeled or unlabeled BP (SEQ ID NO. 33), and OP (SEQ ID NO.
34). Theratio of the respective primers in the primer mix was as follows: LF : LR :
BP:OP=8:8:4:1.
LF (EGFRex21(M)LF Primer)

35

152



respect to the reaction solution i. As shown in FIG 41A, rapid increases in
the fluorescence intensity were observed at both the FAM and Cy5 35 148
wavel engths. Fromthis result, it was proved that even when both the boost
primers were allowed to coexist, it was possible to anplify DNA that fully
mat ched with each boost prinmer and further it was possible to detect the
anplificatli a I 4 shows the result of detection
carried ﬁt%ﬁéﬁﬁ%@ﬁ%@ﬁ%ﬁﬁ%@ﬁ&? 5 to the reaction solutions
g to k of LJEx(&)ﬁHI&xlE(M)L&EhnEb@S AUEA GUsA AOSOERICTTOTGOMIEETATR3 0of t he
fl uoresce ensi_t t.h respect to
the r eact Eiobdt RGBT 52 REba R PP CB AR RIS " Fhe

respectl v OP{€mtdriPoimer3;iGFR eren 20 0P3) ﬁb@AAM@GAQC&r@ﬂHF&CDNAs wi | dtype
DN gt B WIRE RO LR SR ANSBha S B L Bl 1 B
boost pri fepresesnt giomd goup deetcelbt:d eloweciTbasudeotale lndln@tﬁéa@b aj trold letter escence

t t
'F InGenzll yaﬂvg@ne ﬁ% Eeﬁr(]eeiﬂtl?és EH&CEAQA ¥¥ﬁ¥cﬁ netﬂsialme ﬁéfé&%ﬁk@%@m s Sﬂ‘mckg g

with the Bé’olstndmatedéad%ﬁherﬁmuawe ol ibe IehsledonichideTsidus eeorep@ﬁentwbbse ase in
f1 uor escepggnylh mqu)\SI E])/Fdfﬁ%lao(tﬁ?)' \45& ﬁm&h&d@éﬁ:d%ﬂ?*@j?&h@ repfés@fflcl B

results, the follown proved case where bo?h t he

boost ‘ibrl Hesmylg (113 }fﬂlf%?ff‘él laétXéewieolrﬁ arla Fpﬁaulatsbb@t thsrlmh%rrle%h wsnaht type
delt eft [ OnWi/ﬁh;%spb%ﬁ@ th@&ﬁlﬂ%ﬁ/&ih&ﬂaﬁet& tﬁ@%lu@{esd@h{ fibg(shﬁ@ I(:)A ﬁrébehtlé@ bg,eact ' 03
sol ution was |l.o Wi e ec a e vel en an
even when! PR méiﬁﬁe Seliaie W@V@l?%fa\ﬁ fw@three%ﬁsswcwﬂy eaﬁfﬁ %(‘Z,as lo
'I[EQe mélg_anF?’GWEG:MR eﬂﬁﬁreﬂﬁtEE-Qﬁﬂdla&te&l belo®yhewauethengfithe 1aB8led Eﬁé’l%ﬁc&l 13]

on ) ne, wa u ri ncl udi n
a | abel edreﬁﬁﬂlﬁésrreglfe ?Iﬁ%dwg‘%@ﬂﬁ lr?{}i tﬁ%lFrP CRB(SI%‘;%?@P%W% ﬁ {fifan genog‘l c
DNA ( Manufvbt Dryedistrypriesanteigsy Barmuds @26 pindicassd in $Sixdmple?B. ( A FBrmubar A pri ner
set conpo r [ nd._a reverse
pri mer (Lg%g’P’ce%e- %ﬂjey\?éélgﬁluse {a\ll)@,rtga SﬁF&%g& %eﬁgpeavagele éh |thng t he
under | i nefluengsdeabatpies gresp mloees(ef[t)ed\hytﬂmnaulfal(w)eﬁm@mmtzammwe@ngmps The

structuresgf nmlfig bli&ﬁﬁo‘?@stcbﬁ& WA £348nhabehed i EARIASE har Oy Formil a

(121), and each
synthesized by the same method as Example 4 or 13 except that the base sequence was

20 SEQ ID NO. 33 (BP).

Table 13
Labeled-primer Fluor.escence Detection
atomic group wavelength
Example Labeled-BP . . Formula 113 TET filter
231 (BP-1) 3 -TGGGIGCGOAAGAGAAAG-3 (510/530) 517nm/5380m
Example Labeled-BP . . Formula 123 HEX filter
23-2 (BP-2) 3 -TGGGIGCGGAAGAGAAAG-3 (530/550) 535nm/555nm
Contral ~ - FAM filter
{SYBR Green ) 492nm/516nm

25 pL of reaction solution having the composition indicated below was
25  prepared and was allowed to react at 60°C for one hour. During the reaction, while a
60°C isothermal condition was maintained, fluorescence intensity of the reaction
solution was monitored in real time using the Mx3000P system (trade name;

manufactured by Stratagene). For control,
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30 portion in Forrmula (121) is represented by Fornula (113) indicated in
Exanple 13. In Formula (113), the linker length was n=4. Wth respect to

t he detection wavel ength of the fluorescent atom c group represented by
Forrmula (113), the excitation 35 149 wavel ength was 510 nm and the
fluorescence wavel ength was 530 nm This Label ed-Rl was synthesi zed by the

sane nethod as in rrpl e 4 or cept that the, base sequence was SEQ I D
NO 28. Fisingan Kpla| éﬁ Y%ﬁ BEstavey trademask) Gsen & gVipfeculor

TAAAGC@A{B@I .06d) mﬁ—zﬁlded fHEE kéachibh salBtion/eupos h]gahﬁaahatrtﬁé @dﬂc@ﬁtﬁdﬁﬁﬁ bet ween
,|[: ﬁ eaP gl :'g eeﬁ%) mél}l}l eaégaghﬁ frﬁ‘ﬁ,sagd tﬁ)ereby meas%ergent %g r(]:ar%Jéd Imslt 1'%StheS own in
5' - AAACACE A EATEAT CAAGATCACAGATTTTGGEGECEGEECCAAACTG  F1 10
CTGGEGET GAGAAAGAATACCATGCAGAAGGAGGCAAAGTAAG GAGGTGGECTTTA-3' Label ed- R

A prinmer set conposed of F1 and Label ed-RI descri bed above was used. Using
Pri meSTARTabled#tst ered trademark) HS DNA Pol ymerase (Takara), PCR was 15

carried out ggﬁgégﬁé}goft@a&ﬁ,ﬁ sORkibgd described in the product instructions.
The fluores 1| y ction solution was nonitored in

real tine usK@g MK 3 OOP syst e manuf actured by Stratagene).
Specifically pr eheati ng rried out at 98C for 10 seconds, PCR
was carrledcgtlﬁ‘*)? 13 cl es, w%?hm whi ch was conposed of 98C for 10
seconds, E?esivé“§ @6‘% and for 10 seconds. 20 This result is
shown in FI GEwagiR0 F| G 42A is a h showi ng the PCR anplification curve
obt ai ned usiR¢failBe prinmer set |nc,Q@Eang the Label ed-R. After conpletion of
PCR, 9 | of dM&Rtion sol ution wasl.emdtrophoresed at° 100 V using 4%

NuSi eve GIG gacmse (TLEKARA Bl O INCuM Thereafter, the gel obtained after
the el ectrophoresis wasLRlyed w ti2.@ud di um brom de (EtBr), and thus 25

nucl ei ¢ aci d waspier eberRd-BFI G 42 ows the el ectrophoretogram
illustrating thegpresult. I n Fl G@zs,nmane 1 shows nucleic acid anplified

by PCR carri gg.rou pringy,g6t including a |abeled priner
(Label ed- Rl )9 gggcw hows t%l{esul t of electrophoresis carried out
using 25 bp Total 25l

*Manufactured by Kabushiki Kaisha Dnaform

These results are shown in FIG. 44. FIG. 44 is a graph showing amplification

10 profiles obtained when an isothermal amplification reaction was carried out by the
LAMP method. In FIG. 44, e indicates the result obtained in Example 18-1 in which
BP-1 was used, = indicates the result obtained in Example 18-2 in which BP-2 was used,
and A indicates the result with respect to the control. In FIG. 44, “cycles” indicates
“reaction time” (1 cycle = 1 minute).

15 As shown in FIG. 44, it was proved that Examples 18-1 to 18-2, in each of
which the labeled primer of the present invention was used, allowed amplification to be
confirmed also by the LAMP method as in the case of the control. In Example 18-1 in
which BP-1 labeled with a fluorescent atomic group (510/530) represented by Formula
(113) was used, the fluorescence value in the plateau was considerably higher as

20  compared to that of Example 18-2 in which BP-2 labeled with a fluorescent atomic
group (530/550) represented by Formula (123) was used. The difference was observed
well even visually. Thus, it was proved that the aforementioned fluorescent atomic

group was excellent in detection sensitivity as a label to
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As shown in FIG 42A, it was proved that the | abeled priner also was
anplified 30 by PCR This was observed well even visually. Furthernore, as
shown in FIG 42B, the nucleic acid anplified using the | abeled priner was
checked by el ectrophoresis and thereby the target band was observed. Thus,
it was proved that a prinmer labeled with the 35 150 fluorescent atomc
group (5hensad)indhe primarof thepresenédhystign.by PCR. [ Exanpl e 17] Exon 21

of an EGFR ge”%s"&% ABRY abb®d ﬂytl'ansH%ﬁ'&eathBrﬂﬂTﬁﬁar%fthé peéddditng  a
| abel ed primer of The

present. | nventl an, a nmeltin e anal ysis was
per f or methvergiqu s m@@ﬁl‘%ﬂi as papelad muelgic @&fﬁgﬁ;ﬁ@aﬂﬂﬂg("r’r’gq étrleur ed by Pronega
Cor por at gﬂﬁ)es‘é@& Yshe- forrﬁaa Bééd’fﬁﬁedaaﬂéw}émfhéiﬁtfoﬁ Exaiples )it mﬁmﬂﬂ of an

unl abel e orvvar pr.i mer andlé(g | abel ed reverse ﬁﬁ agE ‘ig"é el ed-RI)
and & pr mfthod W@i%?téém eigracyd seguepiies BRI ﬁ’ﬁrl nmer (Fl)
and an ugj |Iﬁii1€1@ﬁ@ft§@qifeln@6rcahme) dmeaawfﬁa;twﬁmp Binghermene,i ined | abel

posi {§ onamHIEAdataneH pe g tsated aCut G (et Rl AR Loty bR B "

i dent i cabrégerichbalr Mdsehbeof abhatgdBimutationin Aﬁb&@@@m&ﬁ/ﬁfﬁ @a@ueIQ<$EQ | D NO

57) Tﬁ(ﬂ%&lwg@tg% ﬁlc_B gél%gm ) %Fg%ﬁgﬁereg B S denar k)

Pr emx E&xa'amx(trmgfc&texaedp]tec delmfwmh)sen(smnquayémmbdc poidT Hkeambe wiedh i s
used a ¢ riner I diadifgd ed primer
set corrpg zaw eﬁﬁngﬁg’?@ﬁﬁméﬁ? f8%’&gz}l\%}g’slgcéa%lrl lﬂgﬁath uZ%Saccor ding to the
met hod dmwnﬂrbg&mrﬂeﬁtbﬁlqn,cambm szltg’al@td@ngtloﬁhe fluorescence intensity

o e P eaqahBalh Aty YRRNIATEbchl: fRis itioudddefriig Mk 3000P
syst em (manuf act ur ad g pecifically q(gr eheat 1 ng was

car ri ed fegmghe spbdt ﬁbesmtsaé actepisticadberefy | @He Fnel’éscycl es, each
\Mg%c c()flceﬂ 0366 a gilcgé&fa% thesc%‘ﬁQﬂiéied $R @1 Rspeere 48 nute, and 72C
for secon B onpl

After et PCR, subse uent | t ct t hus
obt ai nedilastrafizgtasyl net bwatingy %@ Scﬁpﬁ&ﬁ the myvery 1‘3‘5’@ ‘¥’6‘F agﬁdg’
ther eaf t ghpehfgd CRITRRY AItHEL tHRS byaheefdréifAh dedéription, and all changes

which come within the meaning and range of equivalency of the claims are

intended to be embraced therein.
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rate of tenperature increase of 2C/1 mn, and the product was treated at
95C for 30 seconds, which was carried out as a nelting curve neasurenent
step. Between 55C and 95C, the fluorescence intensity was nonitored in
real time. These results are 30 shown in FIG 43. FIG 43 is a graph
showing a nelting curve. In FIG 43, ~ (labeled-priner) indicates the
resul t viwhiat isadpiesd iso Exanple in which a | abeled priner set conposed of
F1 and Label ed-R was used (FAM 35 151 wavel ength: 492 nm/ 516 nm, and
*(regular prinmer) indicates the result with respect to the control in
whi ch a pri meA paeier foo applifyohgcf tafdet andeiRlacigeequeres. ( FAM wavel engt h:

492nm 516nm) I I ai ned by
PCR carried dﬁ@ﬁe@qﬁgpﬂﬁefﬁeskaég? gagmqﬁkﬁh89%ﬁ§%Y% tﬁ*%gESﬁg?ggghlgh

t enper at ﬂepﬁesaatedmhe ttlotvingtfbmnulaee( 16), r(@lﬁlc)ufk?é gnddiTland "eéﬁ%lgfﬂ%ﬂoby PCR
carried o u5|n the. unl abeled prinmer. From this result, it was proved

t hat the® Bﬁﬁg? "acid (priner) according to present i nvention

al | oned the Tn1va|ue to be increased as conpared to the unl abel ed pri ner.
The increase.in Tn1%alfe as descri bed above indicated that the | abeled
nucl ei ¢ EGERIGH FeBYIRAI oy esent i nvention bound further strongly to a

conpl enentary DNA thereto as conpargé to a conmon unl abel ed prinmer. That
is, it was proved that the | abeled /nucleic acid of the present invention
had the same function as that of ol?gonucleotide that increased the Tm

val ue, such as generally used LNA ¢r PNA, for exanple. From this result,

it is considered that the Iabeled uclelc acid of the present invention

al so can 15 be devel oped f _Lq$ appN iiled_f,echpol ogy that increases the
specificity of anplification, or exanple Itf is easy to surm se that the

| abel ed nucleic acid of the present invention| is used not only for an
experimental systemin which LNA or PNA is usgd for increasing the Tm

Val ue but also for a w der, rangé of applicatigns as\conpared to LNA or PNA
in a nol ecul ar bi ol ogi cal ity to emt
fluorescence that 20 % |l e 18] Using a LAWP
primer set including a | § { nvention, a region
containing a nutation L58R of > itied. (1) Tenpl ate DNA
25 As in Example 14, th i tracted fnom |l ung cancer cel

l'i ne

(16)
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NCl - HL975 cont ai ning an exon 21 point nutation L858R (Anerican Type Cul ture
Collection). (2) Prinmer set A LAWP priner set that fully matched with the
af orenenti oned region 30 containing the nutation was prepared. The prinmer
set includes LF (SEQ ID NO 31), LR (SEQ ID NO. 32), |abeled or unlabel ed
BP (SEQ ID NO. 33), and O°P (SEQ ID NO. 34). The ratio of the respective
priners i@nddi8aitidiie o X was as follows: LF @ LR: BP OP=8:8:4:1. LF
(EGFREXZE?R%LFfFWiner) 35 152 5' - CCAAAATCTGGGAACGTACTGGTGAAACA- 31 LR
(EGFRex21(M LR Priner) 5' - CGAGCCAAAZBCCTCCTTCTGCATGGTATT-3" BP (boost
primer; EGFR exon 21 BP3) 5'- TGGGTECGGAAGAGAAAG 3' OP (Cuter Prinmer2; EGFR
exon 21 OP3) 5'-TAAAGCCACCTCCTTAGQB' 5 Wth respect to the | abeled BP, a
predet erm ned nucl eotide was | abeled with the fluorescent atom c group
descri bed bel ow. The nucl eotide ifydi cated with a bold letter and an
underline in the sequencezhndqufea\'m_L e _table belowis the |abeled site.
In BP- | indicated below, the structure of the |abeled nucleotide residue
is represented by Formula (121). In Fornulal (121), each portion indicated
with "Dye" is represented by 10 Fornula (11B) indicated in Exanple 13. In

Formula (113), the |inker t to the detection:
wavel ength of the fluoresfe epresented by Fornula (113),
t he excitation wavefF ] | uorescence wavel ength is

530nm Furthernore, in i ndi the structure of the |abeled
nucl eotide residue is represented by \ Formula (121), each
portion indicated 15 witih "Dye" is reptesent la (123) indicated
in Exanple 13. In Formulla (123), the INnker $ n=4. Wth respect
to the detection wavel ength of the fluoréscen group represented by
Formul a (123), the excitation wavelength is 530 nm and the fluorescence
wavel ength is 550nm Thesg | abeled priners each were /synthesized by the

13 except that the base sequence was 20 SEQ ID
NO. 33 (BP). Table 13 Label ed-priner Fluorescence Detection

(16Db)
{Chemical Formula 3]
Z11
|
L'I
I #
* P—O
’ 212
o l2
L
/
I !
O—————T—-O
o

(17)
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atom c group wavel ength Exanpl e Label ed-BP Fornula 113 TET filter 23-1
(!BP- 1) 5' - TGGGTGCCGAAGAGAAAG- 3' (510/530) 517nm 538nm Exanpl e Label ed- BP
5 Fornula 123 HEX filter 23-2 BP-2 - TGGGTGCCGAAGAGAAAG 3" (530/550)
535nm 555nm  Control - FAMfilter (SYBR Green I) 492nn 516nm 25 L of
reaction solution having the conposition indicated bel ow was 25 prepared
and was [ghbmwatFtrenulzdct at 60C for one hour. During the reaction, while a
60C i sothermal condition was naintained,f|uorescence intensity of the
reaction solution was, nonitored in reai time using the MK3000P system
(trade nanme; nmanufacfured by Stratagen For control, 30 153 using an
unl abel ed priner set/ further SYBR (re bstered tradenar k) Geen |

(Mol ecul or Probes, /inc) was added t@’the reaction solution i\n such a
manner that the contentratign theredf was diluted 100,000 ti Nes, and

t her eby nea i iin the same manner_.,,5 Tab{e 14
Conposition of reagtion solutiac rMs-HCL (pH 8.0) 20 Eﬁ/\ KCl
(NH4) 2S04 10 mm ghesi um squteE8 \ Tween20 0.1% Betainel0.6 M dNTPs
1.4 MM Priners L 2.0 MLR 2.0\, M~ BP/or | abel ed-BP 1}1_2|\/I OP 0y 25 gM
AacDNA pol ynerasel 6 units B

HN

(17hb)

where in the formulae (16), (16b), (17), and (17b),

B is an atomic group having a natural nucleobase (adenine, guanine, cytosine,
thymine, or uracil) skeleton or an artificial nucleobase skeleton,

Eis:

(i) an atomic group having a deoxyribose skeleton, a ribose skeleton, ora
structure derived from either one of them, or

(i) an atomic group having a peptide structure or a peptoid structure,

71 and Z* are each a fiuorescent atomic group that exhibits an exciton effect, and
may be identical to or different from each other,

L' L2 and L2 are each a linker {a linking atom or an atomic group), the main chain
length (the number of main chain atoms) is arbitrary, they each may or may not contain
each of C, N, O, S, P, and Si in the main chain, they each may or may not contain each of
a single bond, a double bond, a triple bond, an amide bond, an ester bond, a disulfide
bond, an imino group, an ether bond, a thioether bond, and a thioester bond in the main
chain, and L', L2 and L* may be identical to or different from one another,

Dis CR, N, P, P=0, B, or SiR, and R is a hydrogen atom, an alkyl group, or an
arbitrary substituent,

b is a single bond, a double bond, or a triple bond, or
158



Genom c DNA 40 ng Total 25 | *Manufactured by Kabushi ki Kai sha Dnaf orm
These results are shown in FIG 44. FIG 44 is a graph showi ng anplification
10 profil es obtained when an isothermal anplification reaction was carried
out by the LAWP nethod. In FIG 44, indicates the result obtained in
Exanple 18-1 in which BP-1 was used, ™ indicates the result obtained in

Feapbct 1o ¢ RSRTEETH JREEEFE: apdPEare ifiridiies L. 28 baiehcier (1
cycl e = He piesantehnd L5andL Shewhe bondddGiireétly to B, was proved that Exanples 18-1

to 18-2, in e i t | a d-prjinmer of the present, | .nvention was
used, all omed&ggr{sﬁ{’fqe\é@trﬁ@ﬁeﬁ)&ggﬂ-@n?% Ftogis grayp daseriemipitemdthod as in
t he caseanuf attleast coat(r atom inra ghoapimbric abiit linkage malpibelsuBRitdiel ftBlaA® Mbinh 2

fl uorescent atqm rou 10/ F epresented b ornmula .(113) was used,
the fl uor escg'hggéf?gﬁﬂféemétf r?é‘dgi?%eﬁdg {;Gﬁé?%'ﬁﬁr CLbe 1g frem (s and
conpared to tihdhe m;rmEbaerfmT)eanH&-T 2b), ?e\éﬂ@b;ﬁdﬁ:ﬁﬁ’é’?e rd(a@tlfbél i@shtiehlttd ogdiﬁél‘ﬁ:ﬁf escent
atom c Q/ 55 represen For mu 123) was used. The

di ffer enigcgerﬁ\l/%ggrq gﬁ‘?&@x’?a@'e (ép?c @9&-’% W‘Z%idfeg}t.'cﬁm,d‘f?etre’?/té@"b‘?ﬁt?%’éh@cﬂhat t he
af orenenti oned fluorescent atomc group was excellent in detection
sensitivity a label to.25 154 be used in the priner. of the present

i nvent i o%. i a-FAge UL 395REINg 0\ ,‘W%Wﬁﬁ@%l&é@e Wf’i’é‘ﬁ@et(ﬁ@ B hgb)oang he
present (1¥byention is prepared as | abel ed nucleic acid containing a
structure expressed by the formul a descri bed above, when, for ex le, it
is used for a‘Br%erFfé'? ﬁ‘&dx?ff‘ cﬁmﬁ?r@? &Be qunaeidimair enain étoﬁlﬁ)af%%ﬂj'lféhgn?-

anpl i fi catd IOrs af irttdger of 2logaforéiuc! ei ¢ aci d sequence can be detected
effectively. Furthernore, since anplification can be detected effectively
as descri bed above, for exanple, the presence or absence of a target

mut at i or8.i n artexsripedér avoeidiriotto @il 15 QYRAERIN HaRe RAmdRE e)ed 7)i(idbyexcel | ent
tion is 10 excellent I n, for exanple,

sensitivity._.Singe thg, present jnve ¢ 1

det ect | oawds(éﬁ‘a gi \?infj;? 0 rerﬁ?@ﬁé?‘;@pﬁ%‘ipeﬂ‘:ﬂy AareuROgsived &een thiegple grafigge r ange of
appl i catoxapsle yelow, eyailpe, henfidyadine, ShdtRércyhniHE Bye, th@BNOS8d, n azbiy¥] t 10 gene
det ecti 3{}1 .and |n.V|t.vo eneT detection. The invention may be enbodied in

ot her fdYHHE- QF ? ABHa [H‘:éﬂ%’ ng fromthe spirit or essential characteristics
t hereof. The enbodi nents

4. The primer according to any one of claims 1 fo 3, wherein Z'" and Z'? are each
independently an atomic group represented by any one of the following formulae (7) to

(9):

[Chemical Formula 5]

R1

(7)
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15 disclosed in this application are to be considered in all respects as
illustrative and not limting. The scope of the invention is indicated by

the appended clains rather than by the foregoing description,

and al |

changes which come within the meaning and range of equival ency of the

clainms are intended to be enbraced therein. 155 What is clained is: 1. A
primer fiohemigal Fobynutg6l target nucleic acid sequence, wherein the priner is
a | abeled nucleic acid including at |east one of structgires represented by

the followi ng fornulae (16), (16b), (17), and (17b) a
exhibit an exciton effect, [Chem cal Formnula 1] 6212
11 7 P-0 OE 0 (16) 156 [Chemical Formula Rz12

* NE* (16 b) [Chem cal Formula 3] N*

is designed to
Lp Z11-L1,/D L3-b-B
711 R¥~D-L3-b-B

R‘l
‘ 14
R2 X‘l R
R3 T R1 7
R4 R1 1
(8)
[Chemical Formula 7]
R1 8 R'I 9
1 R20
R
R2 R21
R® |
R 4 R1 1

(9)

where in the formulae (7) to (9),
X'and X?are Sor O,

n is 0 or a positive integer,

R to R and R'3 to R?' are each independently a hydrogen atom, a halogen

atom, a lower alkyl group, a lower alkoxy group, a nitro group, or an amino group,
one of R and R'2 s a linking group that is bonded to L' or L? in the formulae (16),

(17), (16b), and (17b), and the other is a hydrogen atom or a lower alkyl group,

when a plurality of R'®s are present in the formula (7), (8), or (9), they may be

identical to or different from each other,

when a plurality of R™s are present in the formula (7), (8), or (9), they may be

160
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Z11 1 L *L2 OPO1 OE O (17) 157 [Chenical Formula 4] Z11 L1 BH N
Z12 E L2 HNE (17b) where in the fornmulae (16), (16b), (17), and (17b),
B is an atom c group having a natural nucl eobase (adeni ne, guani ne,
cytosine, thymne, or uracil) skeleton or an artificial nucleobase
skeleton, Eis: (i) an atom c group having a deoxyribose skeleton, a ribose
skel eton,, or structyre deriv fromeither one of them or (ii) an
atonic g'PSﬂ[f?aE%?v?r J#leée'ﬂém a%chs(?[g%fc?ﬁqe or a peptoid structure, Z" and Z12
are each a flXbhréaedR' taRENh@ oLk, Aahd e ks Rt Z8Mmasd iemical best . and
may be i%ﬁhtiﬁfal to_or hdiffere.t fromeach other, L', L2, and L3 are each a
li nker (HTEERLTY e3PORINGF raFPeai¥sM ¢ group), the main chain length (the
nunber of main chain atons) is arbitrary, they each may or nay not contain
each of C N, e main chain, they each may or may not

0, S P, and S int
contai n ach Bfe PNg; %P@?%tjﬁ_cﬂ'a"g %Mﬁl’eé” ipdhe formuiagi(pl te (Bond, “an ani de
bond, an est eih RIad R, thellowet ikgl@roup is a linear or branched alkyl group with a carbon
number of 1 to 6, and the lower alkoxy group is a iinear or branched alkoxy group with a

carbon number of 1 fo 6.

6. The primer according to claim 4 or 5, wherein in the formulae (7) to (9),

in R" and R", the linking group is a polymethylene carbonyl group with a carbon
number of at least two and is bonded to L or L? in the formulae (16), (16b), (17), and
{17b) in a carbonyl group moiety.

7. The primer according to any one of claims 4 to 8, wherein Z" and Z'? are each
independently an atomic group represented by the formula (7) or (8), and
Z" and Z* represented by the formula (7) or (8) are groups represented by the

following formula (19) or (20):

[Chemical Formula 8]

R1

{19)

161



bond, an imno group, an ether bond, a thioether bond, and a thioester bond
inthe main chain, and L', L2, and L3 nmay be identical to or different
fromone another, Dis CRL N, P, P=O, B, or SiR, and Ris a hydrogen atom
an al kyl group, or an arbitrary substituent, b is a single bond, a double
bond, or a triple bond, or 158 in the fornmulae (16) and (16b), L' and L2
are eachHChemidal fR@pula@B, D, and b may not be present, and L' and L2 may be
bonded directly to B, where in the fornulae (16) and (17), Eis the atomc
group described initem (i), and at least one O agtomin a phosphoric acid
| i nkage may be substituted wwth an S atom in the fornulae (16b) and
(17b), E is the atomic group described initem (i), a in the formul ae
(17) and (17b), the respective BS may be identN or different from
each other, and the respective Hs may be identijcal g or different from
each other. 2. The priner i Ko claim whetein in the formul ae

(16), (17), (16b), and (17b) ein ai mdiength (the nunber
of main chain atons) of each L2, an integer of 2 or nore.
3. The priner according to ckaruA W wherein rA the formul ae (16),
(17), (16b), and (17b), Z"#%and |Z12 ane each independently a group derived
fromthiazole orange, oxazole ygllowgcyanine, hem cyani ne, another

cyani ne dye, nmethyl red, an azo dye, biotin, or a derivative thereof. 4.
The prinmer according to any one of cl ai Y to 3, wherein Z" and Z12 are

each independentl.y an._at om r epresented by any one of the follow ng
formulae (7) M ere('é)“@?&ﬁ@%i%%%@ﬁ%@ﬂ'a 5] R5 Rs RI2 N RL Rlo 2 1 R16 X

R15 X', R'to R, R™ and R, R", and R are the same as those in the formulae (7)

to (9).

8. The primer according to claim 7, wherein Z"" and Z'* are each independently an
atomic group represented by the formula (19),

where in the formula (19),

X'is S,

R' to R are hydrogen atoms,

one of R' and R is a linking group that is bonded to L' or L? in the formulae (16),

(17), (16b), and (17b), and the other is a methyl group.

9. The primer according to claim 7, wherein Z'" and Z'? are each independently an
atomic group represented by the formula (19),

where in the formula (19),

X'is S,

R' R* R% R% R’, R% and R' are hydrogen atoms,

R?, R® and R'™ are methy! groups,

R® is a halogen atom, and

R is a linking group that is bonded to L' or L? in the formulae (16), (17), (16b),
and (17b).

10.  The primer according to claim 4, wherein Z'' and Z'* are each independently an
atomic group represented by the formula (7),

where in the formula (7),

X'is S,
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n R R R3/ INRL7 RB 4 R11 (7) 159 [Chemical Formula 6] R5 R6 R12
N+~ R 2 41R1 R14 X R15 n RI13 R3 NRl7 4 R11 (8) [Chem cal Fornula 7]
RI8 Rls X2/ \ 1 RR0 R2 X1 R1I6 NR21 R15 Rl12 R3 N R17 4 R11 (9) where
inthe formulae (7) to (9), X and X2 areSor0, nis O or a positive
integer, Rl to R10 and R13 to R21 are each independently a hydrogen atom a
hal ogen atony s | ower al kyl group, a | ower al koxy group, a nitro group, or
an am no grou o] of R. and R12 is a linking group that is bonded to L'
or L2 in the '%oﬁorﬁrrhg-d%m(ﬂag-)?nd Rﬁafe hydrogen atoms, o

R" is a linking group that is bonded to L.! or L in the formulae (16), (17), (16b),

and (17b), and

R is a methyl group.

1. The primer according to claim 4, wherein Z" and Z'? are each independently an

atomic group represented by any one of the following chemical formulae:

[Chemical Formula 10]

. &/);z:

CHg

[Chemical Formula 11j
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(17), (16b), and (17b), and the other is a hydrogen atomor a |ower alkyl
group, when a plurality of Rl5s are present in the formula (7), (8), or
(9), they may be identical to or different fromeach other, when a
plurality of Rl6s are present in the fornula (7), (8), or (9), they may be
160 identical to or different fromeach other, and X1, X2 and R to R21 in
Z" and XChediahRomRda1d R21 in Z12 nmay be identical to or different from
each other, respectively. 5. The priner according to claim4, wherein in
the formulae (7) to (9), in RL to R21, the |ower alkyl group.is a linear or
branched al kyl group with a carbon nunber of 1 to 6, and the | ower al koxy
group is a linear or branched al koxy group W h a carbon nunber of 1 to 6.
6. The prinmer according to claim4 or 5, nggFin inthe formulae (7) to
(9), in R and R12, the linkin roup is( p

with a carbon nunber of at le ‘ #.is bonded to L' or L2 in the |
formul ae (16), (16b), (17), and ( in a—\arbghyl group noiety. 7. The
primer according to any one of claims Nnerein Z" and Z12 are each

i ndependently an atom c group represented by rmula (7) or (8), and Z"
and Z12 represented by the formula (7) or (8) yr oups represented by the
followng formula (19) or (20): [Chem cal For ] R R ReRI2 N Rz
XI1Ro 3N71 RRA Ra Rli R (19) 161

[Chemical Formula 13]

ymet hyl ene carbonyl group

Val =

WO

H3CO\(:ISQA?}2;< Cl
o¥v
N\CH

[Chemical Formula 14]

H4CO E\[)EZ;‘ Ci
Q:SF%:@
A
s

where in each of the chemical formulae,

n is a positive integer.

12. The primer according to any one of claims 1 to 11, wherein in the formulae (16),

(17), (16b), and (17b),
B is an atomic group having a natura! nucleobase (adenine, guanine, cytosine,

thymine, or uracil) skeleton.
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[Chemical Formula 91 R' R6 12 RI1 ~ N R Xi \ Rl4 NRI3 1 R4 R' (20)
where in the formulae (19) and (20), X, RlL to R10, R 13 and R74, R', and
R12 are the sanme as those in the formulae (7) to (9). 8. The prinmer
according to claim7, wherein Z" and Z12 are each independently an atomc
group represented by the formula (19), where in the fornmula (19), Xl is S,
Rl to R10 are hydrogen atons, one of R'" and R12 is a linking group that is
bonded to L' or L2 in the fornulae (16), (17), (16b), and (17b), and the
ot her is13a methg/prirgerageording asy pne wé claimec biadi nwhewicinghaformuiakét@) n 2" and

Z12 are 1éﬂidﬁ%e(? gptly an atomic group represented by the fornula
(19), t Ia (19), X is S, R, R4, R5, R6, R7, R9, and R10
are hydrogen aﬁmatomgrom havingl aRa#ifigiabnumitdbpbe gkelefps, andghé artificialal ogen

S S o 1 I o el 2,
Z" and Zir®, aramisabH2itnideypudestdyyrolr2-carboaliehygiep8metiglimidezol(48)-by t he
Formul a {1 4dn it 8"i6dd-D-okbE H)Ririie22lokd- 1 HypvridiSe, 2-amino-6-(2-thiazolyl)purine, 7-

(2-thienyl)-imidazo[4,5-b]pyridine, bromothymine, azaadenine, or azaguanine.

14.  The primer according to any one of claims 1 fo 13, wherein a structure
represented by the formula (16) is a structure represented by the following formula (16-1)
or (16-2),

a structure represented by the formula (16b) is a structure represented by the
following formula (16b-1) or (16b-2), |

a structure represented by the formula (17) is a structure represented by the
following formula (17-1), and

a structure represented by the formula (17b) is a structure represented by the
following formula (17b-1),

[Chemical Formula 15]

Z12
NH

. f’"
11—N
A A A N
0 O
|

T——o
&

B

{(16—1)
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162 nis 1 RL to R10, R18, R16, and R17 are hydrogen atons, R' is a |inking

group that is bonded to L' or
(17b), and R12 is a nethyl group. 11. The pr
wherein Z" and Z12 are each independently an

L2 in the formul ae (16),

(17), (16b), and
i mer according to claim4,
atom c group represented by

any one of the follow ng chem cal fornulae: [Chenmical Formula 10] 1/!n O
aN - N [CpemiqabthermuaiClFor nula 11] (fyn "O N+ I1CH3 163 [ Chenical Fornul a
12] HBCO " n C NCH3 S NSt [Chemcal Fornula 131 HCO\ n O3 NC CH3
[Chem cal Fornula 14] HBGCO n OC ~ Se , \ -N
Al /_212
Syt Al
/1
|
0 / *
(16—2)
[Chemical Formula 17]
212
\
NH
T
H
i!;li N N
11—
4 \('r \('): b\B
o]
[y
> N
E

\

(16b—1)
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CH3 where in each of the chemcal fornmulae, nis a positive integer. 12.
The primer according to any one of clains 1 to 11, wherein in the fornmul ae
(16), (17),(16b), and (17b), B is an atom c group having a natural

nucl eobase (adeni ne, guanine, cytosine, thymne, or uracil) skeleton. 164
13. The prinmer according to any one of clainms 1 toll, wherein in the

f or mul aeohdRical FoAlla 1816P), and (17b), B is an atom c group having an
artificial nucleobase skeleton, and the artificial nucleobase is

2-am no-6- (N, N-di net hyl am no) puri ne pyridi ne-2-one, 5-nethyl pyridi ne-2-
one, 2-am no-6-(2-thienyl)purine, pyrrole-2-carboal dehyde,

9-met hyl i m dazo[ (4, 5)- b]pyridine, 5:jo0do-2-oxo(1 Fbp%gidine, 2-oxo0- (1

H) pyri di ne, 2-anino-6-(2-thiazo|y|)pﬁPLn - N~
(2-thienyl)-imdazo[ 4, 5-b] pyridi ne, brorRrotHym nemgzaadeni ne, or
azaguani ne. 14. The prinmer according to any one of clains 1 to 13, wherein
a structure represented by the fornula (16) s a structure represented by
the following fornula (16-1) r (16-2), a stjructuré represented by the
formula (16b) is a structyure yepreserited by tihe fol howing fornula (16b-1)
or (16b-2), a structure represented by is a structure

represented by the following formula (1§ and a structure represented
by the forrmula (17b) is a striucture reprg 2 followi ng formul a
(17b-1), [Chemi cal Formula 13] Z12 M1 s »11-0 OO

(16b—2)

Zﬁ
-
Q Bw\ﬁ

[Chemical Formula 19]

q—-“a

(L7—1)
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Zt f

165 [Chem cal Formula 161 Zyy Zy2 i HMA O* P-OE O (16-2) [Cheni cal
Formula 17] Zit NH MHNN Zyy'N ~Lc b nBOH * N(16b-1) 166
[BC|h_|e|mI cfal E%rgul a 18] Zz11 z12 H~1 E (16 b-2) [Chemical Formula 19]

[Chemical Formula 20]

=

HN

(17b—1}

where in the formulae (16-1), (16-2), (16b-1), (16b-2), (17-1), and (17b-1),

1, m, and n are arbitrary, they may be identical to or different from each other, they
each may or may not contain each of C, N, O, §, P, and Siin the main chain, and they
each may or may not contain each of a single bond, a double bond, a triple bond, an
amide bond, an ester bond, a disulfide bond, an imino group, an ether bhond, a thioether
bond, and a thioester bond in the main chain,

B, E, Z", Z*, and b are the same as those in the formulae (16), (16b), (17), and
(17b), and

in the formulae (16-1), (16-2), and (17-1), at least one O atom in a phosphoric acid

linkage may be substitute with an S atom.

15.  The primer according to claim 14, wherein in the formulae (16-1), (16-2), {16b-1),
(16b-2), (17-1), and (17b-1),

each of |, m, and n is an integer of 2 or more.
16. The primer according to claim 1, comprising at least one of a nucleotide structure

represented by the following formula 1086, 110, 113, or 117 ora structure of a geometric

isomer thereof, a sterecisomer thereof, or a salt thereof,
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0OEZzi2 0O=i -/ BMH OE O(17-1) 167 [Chemical Formula 20] 2 N B ~
H HNEZ12 8 mHHNE (17b-1) where in the formulae (16-1), (16-2),
(16b-1), (16b-2), (17-1), and (17b-1), I, m and n are arbitrary, they nmay
be identical to or different fromeach other, they each nmay or nmay not
contain each of C, N, 0, S, P, and Si in the main chain, and they each may
or may n@heffddl Foin@agh) of a single bond, a double bond, a triple bond, an
am de bond, an ester bond, a disulfide bond, an imno group, an ether bond,
a thioether bond, and a thioester bond in the nain chain, B, E Z", Z12,
and b are the sanme as those in the fornulae (16), (16b), (17), and (17b),
and in the fornulae (16-1), (16-2), and (17-1), at least one O atomin a

phosphoric acid linkage nay be substitute with an S atom 15. The pri nmer
according to claim 14, wherein in the formpl ge (16-1), (16-2), (16b-1),
(16b-2), (17-1), and (17b-1), each of 1, Yand n is an integer of 2 or
nore. 8

?[ 2]

O M

3\:\<él/\/\/E VL N ‘ﬁ\%\CiN/H
” Nklf

106 0=p—0H

DNA

[Chemical Formula 22]

e
&
\‘*—...
N

: NM)Lﬁ”V“"“ﬁ%H
® DA —-O—th (2]

D‘—'-il"-{:H
110
i

DNA
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16. The prinmer according to claim1, conprising at |east one of a

nucl eoti de structure

or

/\

represented by the following formula 106, 110, 113,

117 or a structure of a geonetric isoner thereof, a stereoisoner
HN O H N NNN

thereof, or a salt thereof, 168 [Chem cal Formula 21] yo

DNA- O -i . NO 06 0=pz+ OH DNA [Chemical Formula 22] N O . ° ,
ONA- O t ﬁ%eﬁ'cai;fﬁr%@"r-a& DNA 169 [Chenical Fornula 23] Man NH ~ L1 H I/

l N\~HHNO" O P 31 " ODNA"OCHH/N\ DNA | i

[Chemical Formula 24]

Cl

117

where in the formulae 106, 110, 113, and 117,
n is a positive integer.
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113 [Chem cal Formula 24] +tN. Q0 O (NHOO NNVH HHNO-,VON O S NO
DNA-d OHO \ DNA n C 11.7 where in the fornulae 106, 110, 113, and 117,
nis a positive integer. 170 17. The priner according to claim1,
conprising at |east one of nucleotide structures represented by the
followi ng fornmul ae 120, 122, 123, and 124, geonetric isoners thereof,

stereoi soners thereof, and salts thereof. [Chem cal Formula 25] S ~ N~ )n
i O 120 171

/50 Nl_|1 7S.‘P 0Tﬁe gn%e! ac%orNdinl\gl:]A t?)'%'ﬂaim 1,%or|}l1lﬁlrisi%g \e\t Ifsaét o'?llg_o?nuc(z)lgoll‘:i_dg sltructures
represented by the following formulae 120, 122, 123, and 124, geometric isomers thereof,

sterecisomers thereof, and salts thereof.

[Chemical Formula 25]

s
/
S
N
O
0% NH
. o 0 o
/ N%Lﬁ/\,gnf\u R
j Y N’go
N o _
N o
@
o=p-0
(o]
N

120

171



[Chemical Fornmula 26] OCH3 S N~ 1 NN gpHOO H\W~IN- NFI Nw
"O~p O p HBGO NGB S }--NSbhZz O O (1 2 2) [Chemcal Fornmula 271
OCH3 Jr N HBCGN~-O NH \ /O OO HNNNH ( NN~-O \(/n "Ocep H3CON C
O i CH3 O (123) 172 [Chem cal Fornmula 281 OCH3 Sel
[Chemical Formula 26]
0¢H3
s N&
s\g/ g’ NH
O,\Cm :Ez i i H
HN/\/ \/\ﬁ = l N~
A& 5
HiCO Sq no o ol
e
S =N"
s ?
0=p—0
O\j
(122)
[Chemical Formula 27]
: OCH;
8 N
{ N / )n
HgC"'—N o
NH
cl k\ 9 ¢

CH;3

(123)
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HBCGN~In O NH/ / OO d HNN-WH -n <\o HBCON OC HOON O N~
U=P-O CH3 (124) where in the formulae 120, 122, 123, and 124, nis a
positive integer. 18. The priner according to claiml1, conprising a
structure in which at least two structures selected froma nucl eotide
structure represented by the following formula 114, geonetric isoners
thereof , (CHeRfiGHFaRAEE Ssf hereof , and salts thereof are |linked to each

ot her, [Ehenlca FornuFa 29] @ NNH i ~J( HHNO\ OONO S ODNA-OP
y OH N NDNA 114 where in the fornulagkld4, n is a positive integer, at

| east one nucl eotide structure 114 urther included at a nei ghboring
position to the nucl eotide structu 14, and an oxygen atomat a
3-position of deoxyribose is sharg th a nei ghboring phosphoester 173
bond. 19, The priner according t one of clains 16 to 18, wherein a
|l ength n of the Ilinker is i nge\gh 2 to 6. 20. A primer set for
anplifying a target nucHgi-eN'aci

Yo,
\
I

Haco\©: o
”N+ oﬂﬁ—c
3

{(124)

where in the formulae 120, 122, 123, and 124, n is a positive integer.

18. The primer according to claim 1, comprising a structure in which at least two
structures selected from a nucleotide structure represented by the following formula 114,
geometric isomers thereof, stereoisomers thereof, and salts thereof are linked to each
other,

[Chemical Formula 29]

I 8] O
N\/\N = N/H
H PN
HN 05077 o N O
AN oo™
| ) DNA—Q on
P ?
N DNA

114
where in the formula 114, n is a positive integer, at least one nucleotide structure
114 is further included at a neighboring position to the nucleotide structure 114, and an

oxygen atom at a 3-position of deoxyribose is shared with a neighboring phosphoester
173



wherein the prinmer set conprises a pair of priners, and at | east one of the
pair of primers is a prinmer according to any one of clains 1 to 19. 21.
The primer set according to claim20, wherein the prinmer set is used for an
i sothermal amplification nethod. 22. The prinmer set according to claim 21,
further conprising polynmerase having strand displacement ability. 23. The
primer deindaccording to claim?2l1 or 22, further conprising a m smatch
binding protein. 24. The priner set according to claim23, wherein the

m smat ch binding protein is at |east one protein selected fromthe group
consi st 19y omeammmew&§xEdMQddaWBHGG026?““&&%¥W1&ﬂﬁhe§ﬁﬂa§ﬂ@816PE@eto any one
of cl ai 21 to rei-n the pair of priners is of an asymmetric type
in whic mgﬁgsﬂ}?ﬁéﬁﬁﬂgﬁéﬁpferent in norphology fromthe other priner| 26.
The prinmer set according to claim25, wherein the pair of priners i ncl udes

a first ri ner.an e Nl g j~AEr contains, in a 3 end
porti on,2d; 52%88’%8?%/&‘?:“"3%?@@3@% é?tdfdﬁlgeslé%cg&geﬂéggﬁ’ence (A) of a 3" end
portion of a whergiatthe pdiner setxomprisesyaoaic of primerscan afi lpast oba ohths'pairgf de of
he SeqUente (48 plineRaB AL Real b GMimBYRs gl 205 Lo a compl ementary

S pr

sequencePMEE gquenc esent on a 5 side with respect to the
sequence (A) in the target nucleic acid sequence, and the second pri ner

contains,, in 3. [ Q ' ; hd el to a
sequence21(' (@) @?e gr"gg'g egg%%rrﬁlﬂgrtl@g? ﬁgﬂg’gﬁrr%réﬁgrﬁ% gﬁ'@éiseéc}ﬁ%%%éea ft&gﬁ;ﬂt he target
nucl ei ¢ igsthérmal ampiificaionamedhadnt ai ns, on a 5 side of the sequence (Cc'), a
fol ded sequence (D-Dc') that contains, on the sane strand, two nucleic

aci d sequences that hybridize with each other. 174 27. The priner set
accor di nge.t o Thaprmasssd ac@ddingtie ciain 2&; futtber eomprishatnetyrerast haingrer or the
second priner.is. the | ed nucleic acid. 28. The prinmer set according to
any one %tfangldé?qi%ce%enttgggﬁ/) further conprising a third prinmer, wherein the
third primer hybridizes to the target nucleic acid sequence or the

conpl emepf ar y‘{ﬁ%ﬁ%ﬁﬁgg %ﬁttag%r?fé@ tgegjng‘ﬂ?%r B9t ARIARInforiMngh PisheficrBindiRg s for

hybri di zffig nuc c acid sequence or the conplenmentary sequence
t her et o, patain.

24, The primer set according to claim 23, wherein the mismatch binding protein is at

least one protein selected from the group consisting of MutS, MSH2, and MSH6.

25. The primer set according to any one of claims 21 to 24, wherein the pair of

primers is of an asymmetric type in which one primer is different in morphology from the

other primer.

286. The primer set according to claim 25, wherein the pair of primers includes a first
primer and a second primer, |

the first primer contains, in a 3’ end portion, a sequence (Ac') that hybridizes to a
sequence (A) of a 3’ end portion of a target nucleic acid sequence, and contains,ona %’
side of the sequence (Ac), a sequence (B’) that hybridizes to a complementary sequence
(Bc) to a sequence (B) present on a §’ side with respect o the sequence (A) in the target
nucleic acid sequence, and

the second primer contains, in a 3’ end portion, a sequence (Cc') that hybridizes to
a sequence (C) of a 3'end portion of a complementary sequence to the target nucleic acid
sequence, and contains, on a 5’ side of the sequence (Cc), a folded sequence (D-Dc’)
that contains, on the same strand, two nucleic acid sequences that hybridize with each

other.
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when an anplification product of the first primer or second primer is
brought into a single-stranded state partially, the third prinmer can
anneal to a target nucleic acid sequence present in a noiety that is in
the single-stranded state, so that a new origin of conplenentary strand
synthesis is provided for a target nucleic acid sequence in the '
anplification product. 29. The prinmer set according to claim28, wherein
the third prinmer is the labeled nucleic acid in addition to or instead of
ei t her oB& of Théeprimer sat asedrding to clatnh @5 oe28rwhapein mither ond3®f thENfestprimaer set

accordi ”&th@s@wno%}ﬁné}fi HedhbBedriudile 44y Wherein the pair of priners is of
i ypean\?'u h one” pr ¢

a symmetrical t IC Imer 1s identical in norphology to the
other primer. 31. The priner set according to claim 30, wherein the priner

t i d f . T I ording to ¢laim 20,
oy orn T bt B el g I5 ol AU 181, ARRS hBebg il
met hod. @8nerA kit for nucleic acid anplification that is used for a nucleic
- id lifi ' . . | i f.yi t t | ei ' ,
wherein the e8P REI g AR e PR At B ahe ° To 16,
or a prd:mnplementaacmuf dhmagthbmt@alyddmruﬂtc?mpbiéggﬂﬂa\;?]a p'i)‘ﬁher@t}br hglbtﬁliiiﬂ]g‘. flc<)_r

| ei i iLon according to claim 33, reint it is a kit

For nuol BF argflddie ik sQhREE 8} Betinirleat o Ertebgeh i Rar e 1 11 ca i on
met hod and cwhen ars esiplifiqatiomprodsettof #eciirsidhringertod secundpnienepis irbaghtintds to 31.
175 35. T ' |ei i d. Lificati ding to c]aim33,
wher ei n ?E@e-%kr%néegtf%&%ﬁa ‘aﬁ}ﬁﬁﬁ%ﬁ‘é@ |”81Ieéé$rga':¥?%%l F‘lﬁ(‘:ﬁ(‘: ; e:tgﬂc!fug a(égaljsed for a
PCR et hsedjuencedpresentrin aaﬁ)iety ithrsit ieein élw{singla&mndhmmégs@ihai AMow oriéiﬁf-oéI Af :

tation n t i.S. use a . mutation detection nmetho or
ggt 2c|t ?n%oq'?élﬁ'ﬁyﬂ)t?@'ssz}r?bg Sgﬁ‘hgﬂgg&rgwg?é)@rﬁﬁ@rgfzfl%?qlq]ag pegaee KUBPei ¢ acid
sequenceampitieatmnprothectrut at i on detection kit conprises a kit for nucleic

acid anplification according to any one of clains 33 to 35. 37. A nethod
of anplifying a target nucleic acid sequence contained in a nucleic acid

s?rrpl e, ZSJ_DrrprTf?;Ei primérteet aeddr@gg ttgcl@'rrozaam;(a@r) trrtHird pARerss tt]geahbeléd\% a pr ocr:]ess
oT preparl { : NUCH. el acl S an pr.ocess, or a | I ng the
Car et neteds 208 i o AE SieBR el 30 of il et rimer or the seBmd prinir

30. The primer set éccording to any one of claims 21 to 24, wherein the pair of
primers is of a symmetrical type in which one primer is identical in morphology to the
other primer.

31.  The primer set according to claim 30, wherein the primer set is used for a LAMP
method.

32.  The primer set according to claim 20, wherein the primer set is used for a
polymerase chain reaction (PCR) method.

33.  Akit for nucleic acid amplification that is used for a nucleic acid amp!iﬁcaﬁon
method for amplifying a target nucleic acid sequence,

wherein the kit comprises a primer according to any one of claims 1 to 19, or a
primer set according to any one of claims 20 to 32.

34. The kit for nucleic acid amplification according to claim 33, wherein the kit is a kit
for nucleic acid amplification to be used for an isothermal amplification method and
comprises a primer set according to any one of claims 21 to 31.
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nucleic acid sanple using a priner according to any one of clains 1 to 19
or a priner set according to any one of clains 20 to 32. . 38. The nucleic
acid anplification nethod according to claim37, wherein nucleic acid
anplification in the process (B) is a nucleic acid anplification reaction
carried out by an isothermal anplification nethaod. 39, The nucl ei Ci acid
anpl i fi c8i on Theki i nueleisragidamelificalion reoEingQesAM B3 Mbersin herd s g it

ampl i {1 CadinABlefERldi0tind ficAforABTI sk 36 PPORGRORGA Urktanibrised ¥ BRIMAPSeinavi ng
strand displacenent ability. 40. The nucleic acid anplification method
accor di ngeacpdiog & efeiBB33dr 39, wherein in the process (B), nucleic acid
anplification is carried out in the presence of a m smatch binding
protein. 41. The nucleic acid anplification method according to clai m 40,
wherei n 8he Airautatiorndaiectionik thatds esed fpéaé!’éumf@&'sqet?ﬁﬁ’enﬁ?%*ﬁ@gfﬁr defrelfi%ed from
the grou ecﬂ'géén%te'o?gbgéncewta*?‘nutmin aatQFbeV%@eilcﬁgid sk gerEBSW eic acid

anplificati'on nmethod according to any one of clains 38 to 41, wherein the
primer set uswdierain theenyiatioredelegtion kitcompsispsa kit éxrnugleicadd APPIisaliery one of

clainms 2 céo?diﬁééo ?@'%{4]&%@%%%%? d anplification nethod according to any

one of clains wherein the prinmer set used in the process (B)
is a prinmer set according to any one of clains 25 to 29. 44. The nucleic

aci d anphbfi calhan Hﬁf%ﬁlifﬁ@%@@@g i ReiB B ¥BEuSce CoRiaedd alrfichik acigher ei n
the priner’ se ugea i n e’ process ?B IS a prinmer set according to claim
- 30 or 31sample, camprisingtheifellondigiprangss () eadipeeeretBlod according to cl ai m 37,
wherein the n I i [ 1 ralnﬁgta' in the process (B) is a
nucleic acid gﬁi)%k%lcg%ﬁ rﬁééggg]gtﬂ:‘%ﬁﬁﬂge agfagCR _rré%ﬁgd. 46. The nucleic acid
anpl i fi cati on(Rka heodescofanalifiing Bedargiehnudeic apid sepvencgcoptaingdrin théet used in
the proc . d L: | f hidd 1 %719 diEnrhiel fitc aci d
anplifi cg?‘lag'(r?@r%dt%gg)lggilggéing&%rgeg%“gggaggoﬁ% gf ﬂ%l;%'?“ 1'?)o 946, p\/\/nerei nin
t he procaseordBy to any brashclains 200ip&?. of priners according to any one of
claime 1 to 19 are used, with the at |least two types of priners having
fluorescent atomc groups that are different in detection wavel ength from
each ot h@B. 4gheTweleinasicanplficripmmetiodiasaeidig aelaim 37avbeed MFlEH8Ay one

of clai n%n%ﬁfiéa‘?ioﬂ?n the process (B) is a nucleic acid amplification reaction carried out by an

isothermal amplification method.

39. | The nucleic acid amplification method according to claim 38, wherein the
isothermal amplification method is an amplification method using a polymerase having

strand displacement ability.

40. The nucleic acid amplification method according to claim 38 or 39, wherein in the
process (B), nucleic acid amplification is carried out in the presence of a mismatch

binding protein.

41. The nucleic acid amplification method according to claim 40, wherein the
mismatch binding protein is at least one protein selected from the group consisting of
MutS, MSH2, and MSH6.

42, The nucleic acid amplification method according to any one of claims 38 to 41,
wherein the primer set used in the process (B) is a primer set according to any one of

claims 21 to 31.

43. The nucleic acid amplification method according to any one of claims 38 to 41,
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wherein the target nucleic acid sequence is a nucleic acid sequence with a
mut ati on, and the process (B) uses a priner according to any one of clains
1 to 19 having a sequence conpletely conplenmentary to a region containing a
mutation site in the target nucleic acid sequence and a prinmer having a
sequence conpletely conplementary to the region cont ai ning the nutation

S1e exffbohilhe liReTIATLEM b foced® (e HRHARY o8la Sk REH 1A, blieop esence

or absence 0 hutatlon N airc AeT sequence ined in a
nucl ei c d@m%atorﬁlge conpri si ng: (a) a process of anmplifying the target
nucl ei ¢ acid sequence contained in the nucleic acid sanple by a nucleic
acid anplification nmethod according to any one of clains 37 to 48, (b) a
process 4f nebwunuakic atidempdificion mmmeiﬂgﬁtbmng onB f d’ainmrS&tb@mrocess

by, compagh € BAECER B SRRt (9 ERREESH 5o AR R AR a0 B30 & nea

before and after the process (a) that have been nmeasured in the process
(b). 50.,.The at ndtec on net hod, acc dln relnthe
it at i orfa e IR aRE sriPyH g Fiadit ALCERe B3R o Sheehine BUTES "rhe
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48.  The nucleic acid amplification method according to any one of claims 37 to 47,
wherein the target nucleic acid sequence is a nucleic acid sequence with a mutation, and

the process (B) uses a primer according to any one of claims 1 to 19 having a
sequence completely complementary to a region containing a mutation site in the target
nucleic acid sequence and a primer having a sequence completely complementary to the
region containing the mutation site except for the mutation site.

49, A method of detecting the presence or absence of a mutation in a target nucleic
acid sequence contained in a nucleic acid sample, comprising:

(a) a process of amplifying the target nucieic acid sequence contained inthe
nucleic acid sample by a nucleic acid amplification method according to any one of claims
37 to 48,

(b} a process of measuring fluorescence intensity before and after the process (a),
and

(c) a process of detecting the presence or absence of a mutation by comparing
the fluorescence intensities to each other that are obtained before and after the process

(a) that have been measured in the process (b).

50. The mutation detection method according to claim 49, wherein the mutation is
177



substitution, deletion, or insertion of a base.

51. The mutation detection method according to claim 49, wherein in the process (a),
the target nucleic acid sequence is amplified using at least two types of primers according
to any one of claims 1 to 19, with the at least two types of primers having fluorescent
atomic groups that are different in detection wavelength from each other, and

in the process (c), fluorescence intensity of each of the fluorescent atomic groups
was measured with each detection wavelength corresponding to each of the fluorescent

atomic groups.

52. The mutation detection method according to claim 49, wherein the process (a)
uses a primer according to any one of claims 1 to 19 having a sequence completely
complementary to a region containing a mutation site in the target nucleic acid sequence
and a primer having a sequence completely complementary to the region containing the

“mutation site except for the mutation site.

178



