DESCRIPTION METHOD AND DEVICE FOR DETECTING NUCLEIC ACID, AND KIT 5TECHNICAL
FIELD [0001] The present invention belongs to the technical field of methods for detecting
multi-stranded nucleic acids, and devices or kits for detecting multi-stranded nucleic acids. 10
BACKGROUND ART [0002] Methods for specifl'ically amplifying target nucleic acids have become
very important techniques in molecular 15 biological research and in clinical applications including
genetic testing. [0003] The most widely used nucleic acid amplification method is the PCR
(polymerase chain reaction) method, but 20 thisdeguires semplex temperature control. Therefore, the
LAMP (loop-mediated isothermal amplification) method, the ICAN (isothermal and chimeric
primer-initiated amplification of nucleic acids) method and other isothermal amplification methods have
also been develdpEEdiP5[G004] DEV Nikcléleacidslagiplified By (i PCRyIBEMPATHY EKXAN methods and
the like are double strands, and methods using fluorescent dyes are being actively studied as
detectiogn methods for 'Fhem. 30[0095] i[#&m%#or%gﬁﬂjmephod is a method qf p.erforming
agarose electrophoresis on a solution after thé amplification réaction, followed by binding to a
fluorescent inté?€dlator such as ethidium bromide or SYBR 35 Green and then observing the specific

fluorescence (Non ZrRatent4#eraiurent)e Howavertheraethed of etectionusiag afluorescent
intercalator aftergleqtiophafess sequires,an ejaehrophatesis.funaing ime.of ahou 30 minytes to an
hour, as well as expensive equipment suchas 5 a wrad?anon dévice or fludrescehcé détection

device for d&@gﬁfﬁbeﬁeefﬁjd?é%n%‘é?[d%ﬁ)%TCting multi-stranded nucleic acids,
i0

BACKGROUND ART
fooo2]

Methods for specifically amplifying target nucleic
acids have become very important techniques in molecular

15 biolegical research and in clinical applicaticns including
genetic testing.
[C0O03]
The most widely used nucleic acid amplification
method is the PCR (polymerase chain reaction) method, but
20 . this requires conmplex temperature control. Therefore, the
LAMP (loop-mediated isothermal amplification) methoed, the
ICAN (isothermal and chimeric primer—-initiated
amplification of nucleic acids) method and other isothermal
amplification methods have also been developed.
25 [0004]

Nucleic acids amplified by the PCR, LAMP and ICAN
methods and the like are double strands, and methods using
fluorescent dyes are being actively studied as detection
methods for them,

30 [0005]

The most common method is a method of performing
agarose electrophoresis on a solution after the
amplification reaction, followed by binding to a
filuorescent intercalator such as ethidium bromide or SYBR

35 Green and then cbserving the Specifié flucrescence (Non



If there is no possibility of other DNAs being present and only the presence or absence of the amplified
10 product needs to be determined, the electrophoresis step can be omitted by adding beforehand the
fluorescent intercalator to the reaction liquid before the PCR reaction, and then detecting the
fluorescence after the amplification reaction (Patent Literature 1). However, the problem is 15 that
since fluorescent intercalators bind to primers and other single-stranded nucleic acids, the background
signals are then amplified, thereby leading to reduced detection sensitivity. In this context, a method

has been deyaloped fariredugipg:hackground signals by treating.withya sempaund 2 that reacts

preferentially with a quoS%%scent intercalator bound to a single-stranded nucleic acid (Patent Literature

2), and fluorescent dfied hAVE BEER Yevelbped HaVng mErbvEd réadonh SekfHchs 16 double-stranded
nucleic acidstéomparresl o singlestrarded ressleic aciis (Ratent?SL dératlirend), BOt in both cases
fluorescent detectionds il 4sed Q007 s wAlternatively, a-pethodhasibeendeveleped for detection
by fluorgscence olarization by performing.a 30 nuclelc acid amplification feaction usjng a fluorescent
labeled primer%?atent Li eraturte), ut’in genera 1l’}oreescenpprimers are efp%n%%/e, @hd the method
is also disad¥&itagesas Foraxamplel it fGee6mMplex because it requires an operation to separate
out the fluoresten 35 labeled primer not incorporated into the amplified product. 3 CITATION LIST

PATENT LITERATUE&EQ?LS?gteHg ngrsasgirlgi]l:ijfyHg?zo?gk?QQ ADNAS being
.present and only the presence or absence of the amplified
10 product needs to be determined, the electrophoresis step
can be omitted by adding beforehand the fluorescent
intercalator to the reaction liguid before the PCR reaction,
and then detecting the fluorescence after the amplification
reaction (Patent Literature 1). However, the problem is
15 that since fluorescent intercalators bind to primers and
other single-stranded nucleic acids, the background signals
are then amplified, thereby leading to reduced detection
sensitivity. In this context, a method has been developed
for reducing background signals by treating with a compound
20 that reacts preferentially with a fluorescent intercalator
bound to a single-stranded nucleic acid {Patent Literature
2}, and fluorescent dyes have been developed having
improved reaction specificity to double-stranded nucleic
acids compared to single-stranded nucleic acids (Patent
25 Literature 3), but in both cases fluorescent detection is
still used.
[G007]
Alternatively, a method has been developed for
detection by fluocrescence peolarization by performing a
30 nucleic acid amplification reaction using a fluorescent
labeled primer (Patent Literature 4}, but in general
flucrescent primers are expensive, and the method is also
disadvantageous, for example, in that it is complex because
it requires an operation to separate out the fluorescent

35 labeled primer not incorporated intoc the amplified product.



Patent Literature 2: WO 2002/103053 Patent Literature 3: JP 2003-240780 A Patent Literature 4: JP
HO09-187275 A 10 NON PATENT LITERATURE [0009] Non Patent Literature 1: Molecular Cloning
Second Edition, vol. 1, 6.15 (1989) 15SUMMARY OF INVENTION TECHNICAL PROBLEM [0010] It is
an object of the present invention to provide a methad for detecting a multi-stranded nucleic acid, by
20 which a multi-stranded nucleic acid amplified by a nucleic acid amplification reaction is detected
easily and rapidly under visible light without the need for complex operations and specialized
equipment, as well as a multi-stranded nucleic acid detection device or kit. 25 SOLUTION TO
PROBLEM [0011] The inventors have found as a result of exhaustive research aimed at resolving
these problems that when a 30 multi-strand&d TOCkiE adid brought into contact with a chromogenic
leuco dye, akéavihg gisupefthiédBuco dye is dissociated, forming a color that allows the nucleic acid
to be detectedhunggr visible light. The inventors have also found that a multi-stranded nucleic acid

_detectllost)'n 35 device Qo |te ¢an Eg T‘p)er%pai%r&(‘;ieusin:g %s HHE‘&'E% %’-ﬁregy 4 completing the present
invention. [0012]

Patent Literature 2: WO 2002/103053

Patent Literature 3: JP 2003-240780 A

Patent Literature 4: J? HOS-187275 A

10 NON PATENT LITERATURE
[0009]
Non Patent Literature 1: Molecular Cloning Second
Edition, vol. 1, 6.15 (1989)

i5 SUMMARY OF INVENTION
TECHNICAL PROBLEM
[Co10]

It is an object of the present invenitiocn to provide a

method for detecting a multi-stranded nucleic acid, by

20 which a multi-stranded nucleic acld amplified by a nucleic
aclid amplification reaction is detected easily and rapidly
under visible light without the need for complex operations
and specialized equipment, as well as a multi-stranded
nucleic acid detection device or kit.

25
SCLUTION TC PROBLEM
[0011]

The inventors have found as a result of exhaustive

research aimed at resolving these problems that when a

30 nmnmulti-stranded nucleic acid is brought into contact with a
chromogenic leuco dye, a leaving group of the leuco dye is
disscciated, forming a coleor that allows the nucleic acid
to be detected under visible light. The inventors have
also found that a multi-stranded nucleic acid detection

35 device or kit can pbe prepared using this principle, thereby



Specifically, the present invention relates to a method for detecting a multi-stranded nucleic acid, 5
comprising a step of bringing a chromogenic leuco dye into contact with a multi-stranded nucleic acid,
wherein a color formed by interaction between the leuco dye and the multi-stranded nucleic acid is
detected under visible light. [0013] 10Preferably, thql leuco dye is a compound represented by General
Formula (1): R1 R2 R3 wherein R9, R2 and R9 each independently represent a substituted or
unsubstituted aryl group, and L represents - 15S03R4, -NO3, -NO2, -ON, -X, -NHR5,

-N(CORB)(CRRA): s PRIy -3 RB I :QR::7NHSNHZ+-Qf or -H, with R4 representing an alkali metal or a
hydrogen atom; X representing a halogen atom; and R5, R6, R7, R9, R9 and R16 each independently

m
representing rqja%l group, aryl group, acyl group, 20 alkenyl group or alkynyl group, wherein a
leaving group of the ool dyiecis digsodiate dibysi Apdctionvisetieen the Jedesdyeand the

multi-strandgd pyeleicacid qand a:coler thateanbe detected under-visible kightds then formed by
dissociation of the leaving group. 25[0014] . The compound represented hy G ergL}F%rmula N is
preferably a%%%?proﬁ%ﬁnrgp%es%%?gd [Bg C-?eLnJérr?glllPo%maula T)OHBQ ?z%%l%he?e‘%r‘% igggeefinég as above;

R11 and R12®aeRGHdeperntentfrepressht asirtiuned b ifsabstiutedt syl s, R18%Yr8tp; and
R13, R14, Reng:R1R pach independently beepresanta balogencatageora datioxyhgroup; sulfo group,

nitro group, £yang, gosP, AMHAQ gropp, amino graup, alky! grown, apylgroye. alkgay! group, alkynyl
group, hydrogglogirgﬁjp, alkoxy group, aryloxy group, alkylthio group,
16 Preferably, the leuco dye is a compcocund represented

by General Formula (I}:

R1
L (1)
R?" "R3

wherein R}, R? and R® each independently represent a
substituted or unsubstituted aryl group, and L represents -

15  S0sR*, -NOj, -NO,, -CN, =X, -NHR®, -N{(CORS)(COR"), -sSr®, -SSR,
-OR®, ~NHSNH,, -OH or ~H, with R*® representing an alkali
metal or a hydrogen atom; X representing a halogen atom;
and ®%, R®, R7, R?, R? and R!" each independently
representing an alkyl group, aryl group, acyl group,

20 alkenyl group or alkynyl group, wherein a leaving group of
the leuco dye is dissociated by interaction between the
leuco dye and the multi-stranded nucleic acid, and a color
that can be detected under visible light is then formed by
dissgsociation of the leaving group.

25 [0014]

The compound represented by General Formula (I} is

preferably a compound represented by General Formula (II):



arylthio group, alkylamino group, arylamino group, acyl 10 group, alkoxycarbonyl group,

~ aryloxycarbonyl group, alkylsulfonyl group or arylsulfonyl group. [0015] The leuco dye is preferably
a reaction product of a triarylmethane dye and a nucleophile. 15[0016] The triarylmethane dye is
preferably one or more dyes selected from the grou% consisting of gentian violet, crystal violet, methyl
green, malachite green, victoria blue and pararosanifine, and derivatives thereof. 20[0017] The
nucleophile is preferably one or more nucleophiles selected from the group consisting of sulfite ions,
hydrogen sulfite ions, n Rigte lons, nitrite ions, cyanide ions, halide ions, nitrogen nucleophiles, sulfur
25 nucleophlles alka al alkoxides, alkali metal hydroxides and hydride nucleophiles. [0018] 6 (d)
a carrier carrgaga Ie co dy §@) a pathway for a test sample to pass through the carrier (d), and (f) a
part for detec S light a color formed by interaction between the test sample and the
leuco dye to 5 dete he presence (Of gpultl -stranded nucleic acid. [0019] Preferably, the

leuco dye is S ._...- by General Formula (I): 10 wherein RI, R2 and R2 each
independentl pstituted or unsubstituted aryl group, and L represents - SO3R9, -NO3,
-NO2, -ON, -X, -NHR5,

COR®6) (CORT7); -SR8, -SSR9,

R‘H R12
wherein L is defined as above; R!'! and R sach
independently represent asubstituted or unsubstituted aryl
group; and RY, R*, R, R and RY each independently

5 represent a halogen atom or a carboxyl group, sulfo group,
nitro group, cyano group, amide group, amince group, alkyl
group, aryl group, alkenyl group, alkynyl group, hydroxy
group, alkoxy group, aryloxy group, alkylthio group,
arylthic group, alkylaminc group, arylamino group, acyl

10  group, alkoxycarbonyl group, aryloxycarbonyl group,
alkylsulfonyl group or arylsulfonyl group.
[0015]

The leuco dye is preferably a reaction product of a
triaryimethane dye and a nuclecphile.

15 [0016]

The triarylmethane dye is preferably one or more dyes
selected from the group consisting of gentian viclet,
crystal violet, methyl green, malachite green, victoria
blue and pararosaniline, and derivatives thereof.

20 (0017}

The nucleophile is preferably onse or more
nucleophiles selected from the group consisting of sulfite
iong, hydrogen sulfite ions, nitrate ions, nitrite ions,
cyanide ions, halide ions, nitrogen nucleophiles, sulfur

25 nuclecgphiles, alkali metal alkoxides, alikzli metal
hydroxides and hydride nucleophiles.
[0018]
The present invention also relates to a device or kit

for detecting a multi-stranded nucleic acid, comprising:



-NESNH2, -OH or -H, with R9 representing an alkali metal or a hydrogen atom; X representing a
halogen atom; 15 and R9, R6, R9, R9, R9 and R99 each independently representing an alkyl group,
aryl group, acyl group, alkenyl group or alkynyl group, wherein a leaving group of the leuco dye is
dissociated by interaction between the leuco dye angl the multi-stranded nucleic acid, and a color 20
that can be detected under visible light is then formed by dissociation of the leaving group. [0020]
The carrier (d) preferably carries a liquid mixture of a triarylmethane dye and a nucleophile. 25[0021]

The triarylme(tgjamg dé(gf'% i[)éq‘je@ﬁ)é ne I?r Q(irguq%es égctg%frogn H&%@W consisting of gentian
violet, crystal violet, methyl green, malachite green, victoria blue and pararosaniline, and derivatives

thereof. 30[0623} THEMRER 0PIl 7S BrefEiabiEdnd BF nftts TtiedShilestfectéd on? e group
consisting ofsuffitedars; thydrogerisulfiteiiohs Laitratesions anitrité dons; eyanidledigns, halide ions,

nitrogen nucleophiles. sulfur pucleophiles, alkalispetal alioxides salkali metal.5 hydoxides and hydride
nucleophiles. ADVANTAGEOUS EFFECTS OF INV 10N [002 %Wlth thgl(-i: method,of the present

invention, th8 BRI Rcd-BRab SRR ST tleif B Syhtiiesis Bf ampifator cir be detected

visually via alédléPreaction produced by contact between a multi-stranded nucleic acid and a leuco

dye, without the use ©f spegialized, detgstiar gguipment s Moseoverpwith the-agelgic-agid getection 15
device of the%pre ent inv?m;'éonIt a tfgt ssLilf_tance can be rapidly detected visually via a color reaction
aini

by simply ad Vng fhie test sarﬁ)pllél%ont g a multi-stranded nucleic acid to the device. 20BRIEF

DESCRIPTION OF D‘f\’AWINGS [0024]
R

L (1)
R?" "R®

10  wherein R*, R® and R® each independently represent a
substituted or unsubstituted aryl group, and L represents -—
S0sR*, ~-NOs, -NOp, -CN, -X, -NHR®, -N(COR®) (COR’), ~sSR®, -8SR%,
-ORY™, ~NHSNH,, -OH or —-H, with R! representing an alkali
metal or a hydrogen atom; X representing a halogen atom;

15 and R°, R®, R’, R®, R® and R*" each independently
representing an alkyl group, aryl group, acyl group,
alkenyl group or alkynyl group, wherein a leaving group of
the leuco dye is dissociated by interaction between the
leucc dye and the multi-stranded nucleic acid, and a color

20  that can be detected under visibkble 1light is then formed by
digsociation of the leaving group.

[0020]
The carrier (d} preferably carries a liguid mixture
of a triaryvlmethane dye and a nucleophile.

25 (00217

The triaryimethane dye is preferably one or more dyes
selected from the group consisting of gentian violet,
crystal violet, methyl green, malachite green, victoria
blue and pararosaniline, and derivatives thersof.

30 [0022]

The nucleophile is preferably one or more



Fig. 1 is a schematic view of an exemplary chromatography-type device for nucleic acid detection
according to the present invention. 25Fig. 2 is a schematic view of an exemplary filter- type device for
nucleic acid detection according to the present invention. Fig. 3 is a schematic view of an exemplary
suction-  type device for nucleic acid detection according to the 30 present invention. Fig. 4 is a
schematic view of an exemplary channel- type device for nucleic acid detection according to the
present invention. Fig. 5 is a schematic view of an exemplary tube-type 35 device for nucleic

B B R L R e

present invention is described in detail below. 1"Method for detecting nucleic acid The present
invention relatdstto 4 ¥feRvstEfor tHetdcting o Aftfti-strandéd RudiBicSacid: *domprisingAstep 10 of
bringing a chromonéaicilenee dye ldtdecaontact withi & nugltstrandée opleicacidswhérein a color

formed by inferagtion hetween the,eyqo gdye and the multistranded aucleic.aeid is detected under
visible light. 5027 15Multi-stranded nucleic z?tclepd*s to pe detected include double-stranded nucleic

acids, triple-S¥4¢ed-AGSer 4cidy and Gtial 5—%"&591&8& hucleic acids. Known as

ADVANTAGECUS EFFECTS OF INVENTION
(00231
With the method of the present invention, the

10 presence or absence of nucleic acid synthesis or
amplification can be detected visually via a color reaction
produced by contact between a multi-stranded nucleic acid
and a leuco dye, without the use of specialized detecticn
equipment., Moreover, with the nucleic acid detection

15 device of the present invention, a test substance can be
rapidly detected visually via a color reaction by simply
adding the test sample containing a multi-stranded nucleic

acid to the device,

20 BRIEF DESCRIPTION OF DRAWINGS
[00247

Fig. 1 is a schematic view of an exemplary
chromatography-type device for nucleic acid detection
according to the present invention.

25 Fig. 2 1s a schematic view cf an exemplary filter-
type device for nucleic acid detection according to the
present invention.

Fig. 3 is a schematic view of an exemplary suction-
type device for nucleic acid detection according to the

30  present invention.

Fig. 4 is a schematic view of an exemplary channel-
type device for nucleic acid detection according to the
present invention.

Fig. 5 iz a schematic view of an exemplary tube-type

35 device for nucleic acid detection according tc the present



nucleic acids are DNA, RNA and many chemically modified forms of these, as well as nucleic acid
analogs called PNAs 20 having polypeptide chains as the backbone, and the like, and all these are
included in the multi-stranded nucleic acids. Preferred examples of nucleic acids include double-
stranded DNA, double-stranded RNA, DNA/RNA hybrids, and artificial double-stranded nucleic acids
such as PNAs. 25 However, even single-stranded nucleic acids can be determined by the detection
method if they can be stained with the dye, such as when a plurality thereof are copre sent. [0028]
30The chrorg%%r}li%i%%cp dye is a leuco dye that becomes colored when reacted with a color
developer. Leuco dyes are colorless or pale-colored dyes that change in structure due to the reaction
with a color developer or physical stimuli such as light, so that they exhibit changes in 35 color. Known
color developers include oxidizing ag&at’ =g OralCahdlsiBam I IE detection method a multi-stranded
nucleic acid i as the color developer. [0029] The detection principle of the detection method is 5
based on changes in _color that occur.as a result of, theé'nterac jon betW(E?n a chr m(i%ewnic leuco dye

and a multi-stranded MicIBR SR WheH TRE Te o dye KStaetT5the it standad hutreic acid to

bring the leu€8@/elinto contact with the multi-stranded nucleic acid. The 10 interaction here means
that any physicochemigal effegt-on the:leyeo gye.is eaused fremthe reversible binding to the
multi-stranded nuclejg acid. [0030] . he leuco.dye is preferably .a co und represented by
15General Formula %?ﬁﬁ%%ﬁl ]\C{vhzérrléﬁﬁ%lljégf}inﬁeg]“roﬁs%fptthc.)e eu%%%%cg%ﬁgsociated by the
interaction wWitRthE FdE-strafidéd Hueleie BEidCard @lcol6r that Ean PeTdete&edUndef VRble light is

then 10 of bringing a chromogenic leuco dye into contact with a

multi-stranded nucleic acid, wherein a color formed by
interaction between the leuco dye and the multi-stranded
nucleic acid is detected under visible light.

[0027]

15 Multi-stranded nucleic acids to be detected include
double-stranded nucleic acids, triple-stranded nucleic
acids and quadruple-stranded nucleic acids. Known as
nucleic acids are DNA, RNA and many chemically modified
forms of these, as well as nucleic acid analogs called PNAs

20 having polypeptide chains as the backbone, and the like,
and all these are included in the multi-stranded nucleic
acids. Preferred examples of nucleic acids include double-
stranded DNA, double-stranded RNA, DNA/RNA hybrids, and
artificial double-stranded nucleic acids such as PNAs.

25 However, even single-stranded nucleic acids can be
determined by the detection method if they can be stained
with the dye, such as when a plurality thereof are
copresent.

[0028]

30 The chromogenic leuco dye is a leuco dye that becomes
colored when reacted with a color developer. Leuco dyes
are coclorless or pale-colored dyes that change in structure
due to the reacticon with a color developer or physical
stimuli such as light, so that they exhibit changes in

35 color. Known color developers include oxidizing agents and



20 formed by dissociation of the leaving group. [0031] In General Formula (I) above, RIl, R2 and R3
each independently represent a substituted or unsubstituted aryl group. Examples of the aryl group
include phenyl, naphthyl 25 and anthracenyl groups and the like. These aryl groups may also be
substituted with a functional group such as an aming group, hydroxyl group, alkoxy group, carbonyl
group, carboxyl group, sulfonate group or alkyl group, and/or a halogen atom or other atoms. 30[0032]
L represents a leaving group, and specifically 10 represents -S03R4, -NO3, -NO2, -CN, -X, -NHR5,

“N(CORS) (CORT), SR -55RY, ;0R1S, NHSNE2,:OH a1k [0P33] R4 tepresenis an alkali metal o

a hydrogen atom. X 5 represents a halogen atom such as F, CI, Br or I. R5, R5, R7, R8, R9 and R1
each indepefitiéntiirepi&déhtish ARFGrBED, A5 Goupr abdiGrdap Sikenyl group or alkynyl group,

and these substiflEENts may also be substituted with another common functional group or atom, such

as hetero 10 functional groups sugh,as aming. graups, angdihalogenatoms, (99341, {Ehe leuco dye is

a dye that forms color due to an oxidation-reduction reaction or other reacti ns,ﬁnnguay be a reaction
is

product™df a RAERBpAe SHa2PESored dije: For 18%xaRpis - whsh & riickebphil X

acted with a
colored triarylethaecdye the tyesandheccorveretba leegcedyeyEefaieveniwhér-a single
triarylmethang-gdye, isa4sed; deuco-dyes: withy differentstructiues £an besobtainesd byvanying the type of
nucleophile used. 20[Q035 The dye is not particularly: limited as-long as if forms color due to an
oxidation-redtic (ljcc):ﬁ ré%&fo%dgrd ot%%??éééclloﬁg,%%dtt gx%gé@ a c%p or t%aétu%é)n k%}é/ %etlé’lcgegd under visible
light, as a reS@t6RHE intcractiorewiti Aot P sHaRded MR leic asiddExafipfes thereof include

triarylmethanegyes; xanthene=dyesnguinoline syesphesothiaziseldyesend phehaxazine dyes, and
mixtures of t@%%e'l%f&ggsgiytéiaﬁgm&é@@ddyﬁo%{etﬁ{gf%éqge£%q??)@e binding to the
multi-stranded nucleic acid.
[0030] '
The leuco dye 1s preferably a compound represented by

15 General Formula (I):

R1
L (D
R?” "R3
wherein a leaving group of the leuco dye is dissociated by
the interaction with the multi-stranded nucleic acid, and a
color that can be detected under visible light is then
20 formed by dissociation of the leaving group.
[0031]

In General Formula (I) above, R*, R? and R® each
independently represent a substituted or unsubstituted aryl
group. Examples of the aryl group include phenyl, naphthyl

25 and anthracenyl groups and the like. These aryl groups may
alsc be substituted with a functicnal group such as an
amino group, hydroxyl group, alkoxy group, carbonyl group,
carboxvyl group, sulfonate group or alkyl group, and/or a
halogen atom or other atoms.

30 [oc032]

L represents a leaving group, and specifically



30Compounds represented by General Formula (II): FO R11R12 are preferred as triarylmethane
dyes. In the formula, L is defined as above, and R11 and Ru each independently represent a
substituted or unsubstituted aryl group. 5[0037] The substituted aryl group is an aryl group containing
one or more substituents selected from a halogen atom, a hydroxyl group, an alkoxy group, an alkoxy
group substituted with a halogen atom, an alkoxy glpoJp 10 substituted with an aryl group, an aryloxy
group, an alkyl group, an alkyl group substituted with a halogen atom, an alkyl group substituted with a

hydroxyl group, an %nglt%roug @#}Stitg{@g Withﬁ(g estg&gf a ggrbox&ghg\mupﬂ,ﬁ&%@gl) rggﬁ—;%ubstituted
5’ *an a i / P, &

with a cyano g?ggg, a cycgoa—l yI'15'group; an alkérlyl group, an’alkynyl droup, an aryl group,
heterocyclic gfdtip, an-amino group; an'dikyiamine group: antarylamino group, an amino group

substituted withceysalkylsulfonyl group, an amino group substituted with an acyl group, a mercapto

group, an alkylthio greun, %1%%%?@igrgggﬁ%%ygsmg@glw@} ah n%eirbg.tgp,aa{b%rylthgg group, a

carboxyl group or its ester or , a carbonyl (or oxo) group, a formyl group, an alkylcarbonyl group,

an arylcarbomARFEE6 & thiGeaBORATBr #i6%b)Gt6tp 28 cyand group: atitrd grodh, a Suffonate
group, an 25zlkyRtjfoRryl gralipk dh atkytsulfodygrodp substitutaskwithathalogeri atom, and an

ﬁnl/lsulfomt/l 9;59%591;:[905%3'1%’148% ’Rh}a'i: 23:6 @gg@l{tegmggg' gpe@ggggy gg]org§%@;m§plr example, a
alogen atom or a carboxyl group, sulfo foup, nitro group, cyano group, amido group, amino
group, alkyl 99?88BParﬁﬁ%u%l%%enW&%%gg%fﬁﬁl &%gp?ﬁﬁ(ﬁo Wi g%i% CaikSxyGrot F%,%ryloxy
group, alkylthin gy, arglthioyréup,cikyaminargrotp, arylamine grouph s aeyhgroapPalkoxycarbonyl

group, egyloxyeabonyhamoupralkylsufany greupanylsulfenykaroup ef theslikey d003Homs It may be
thought that tﬂ% exhibits color via the mechanism shown in Reaction Formula (lI) as a result of 10
with

the interactio multi-stranded nucleic acid:
The leucc dye is a dye that forms color due to an

oxldation~reduction reaction or other reactions, and may be
a reaction product of a nucleophile and a colored dye. For

15 example, when a nucleophile is reacted with a colored
triarylmethane dye, the dye can be converted tc a leuco dye.
Here, even when a single triarylmethane dye is used, leuco
dyes with different structures can be c¢btained by varying
the type of nucleophile used.

20 [0035]

The dye is not particularly limited as long as 1t
forms color due to an oxidation-reduction reaction or other
reactions, and exhibits a color that can be detected under
visible light, as a result cof the interaction with a multi-

25 stranded nucleic acid. Examples thereof include
triarylmethane dyes, xanthene dyes, guinoline dyes,
phencthiazine dyes and phenoxazine dyes, and mixtures of
these. Of these, triarylmethane dyes are preferred.
[0036]

30 Compounds represented by General Formula (II):



but the coloring mechanism is not particularly limited. [0040] Specific examples of triarylmethane dyes
~include 15 methyl green, malachite green, crystal violet, pararosaniline, gentian violet B, gentian violet
R, night blue, victoria blue B, victoria blue R and other leuco derivatives. Of these, crystal violet,
gentian violet, methyl green and malachite green are_preferred, and crystal 20 violet and gentian violet
are more preferred. [0041] In addition to the trigr%/lmethane dyes, the following may be mentioned:
the quinoline dye 4-(pdimethylaminostyryl)quinoline, the phenothiazine dyes 25 phenothiazine and
benzoyl leucomethylene blue, the phenoxazine dye phenoxazine, and other leuco derivatives.
However, the dye is MRt fmited to these as long as it forms color by contact with a multi-stranded
nucleic acid. @s of the nucleophile that reacts with a colored dye to convert it to a
leuco dye inc stlite and others containing sulfite ions, sodium hydrogen sulfite and others
containing hydrog ions, sodi nitrate and others containing nitrate ions, sodium nitrite and
others contaln@% 9 ium cyanide and other containing cyanide ions, halide ions, nitrogen
nucleophllesg fur n cIeoprﬁes, alkali metal alkoxides, alkali metal hydroxides, hydride nucleophiles
and the like, 10 but th¢audcleophile is not particularly limited as long as it allows the dye to be
converted to the Riito fopR&nd then to be reconverted to the colored form by the interaction with a

multi-stranded nucleic acid. 0043 5Exam les of halide |ons |ncl de fluoride ions, chloride ions,
bromide ions’ ?&d.&é%ﬁ%%dith% ike. J[(% metgane dy i ge %Ormula’ LY

defined as above, and R™ and R'? each independently

represent a substituted or unsubstituted aryl group.
[C037]
The substituted aryl group is an aryl group

5t

containing one or more substituents selected from a halogen
atom, a hydroxyl group, an alkoxy group, an alkoxy group
substituted with a halogen atom, an alkoxy group

10 substituted with an aryl group, an aryloxy group, an alkyl
group, an alkyl group substituted with a halogen atom, an
alkyl group substituted with a hydroxyl group, an alkyl
group substituted with an ester of a carboxyl group, an
alkyl grcup substituted with a cyano group, a cycloalkyl

15 group, an alkenyl group, an alkynyl group, an aryl group, a
heterocyclic group, an amino group, an alkylaminc group, an
arylamino group, an amino group substituted with an
alkylsulfonyl group, an amino group substituted with an
acyl group, a mercapto group, an alkylthio group, an

20 alkylthio group substituted with a halogen atom, an
arylthio group, a carboxyl group or its ester or amide, a
carbonyl (or oxo) group, a formyl group, an alkylcarbonyl
group, an arylcarbonyl group, a thiocarbonyl (or thioxo)
group, & cyanoc group, a nitro group, a sulfonate group, an

25 alkylisulfonyl group, an alkylsulfonyl group substituted
with a halogen atom, and an arylsulfonyl group.
o038}

R, RrR™, R!®, R'® and RY each independently represent,

for example, a halogen atom or a carboxyl group, sulfo



Examples of nitrogen nucleophiles include ammonia, methylamine, n-propylamine, dimethylamine,
benzylamine, N- 20 methylbenzylamine, aniline, n-heptylamine, 1-aminodecane, 1,3-diaminopropane
and other amine nucleophiles; acetylamide and other amide nucleophiles; diacetylimide, diformylimide,
phthalimide, metal salts of phthalimide and other imide nucleophiles; and benzenesulfonylamide, p- 25
nitrobenzenesulfonylamide, o-nitrobenzenesulfonyléaﬂde, mnitrobenzenesulfonylamide,
p-toluenesulfonylamide and other sulfonylamide nucleophiles, and the like. [0045] Examples of sulfur
nucleophiles include thipls, 30 disulfides, thiourea and the like, [0046 le kali metal
alkoxides incllide Sodium r%%tﬁorx?&a’so%Yl%Oetﬁgﬁgg,’po@[%égémgtgé%dtogﬁ%emagnd&tﬁg%é. 35[0047]
14  Examplsg bf aikaliPnetak Hydidkiie’ indlLde 3BdiuT AYroxitier potassiliri PRdroxide and the
like. [0048] Hygfice:wclepphiles aie keagenis capableof dopating Surydragerny as mucleophiles, and
exqmples 'ngHg%ﬁ?d%‘}ﬁlﬁ%&oﬁ’%’gbo,boéf%@?y§891'Hbe%rPQMBUd%ﬂ%‘&ﬂﬁ‘?ﬁ@%}_@ porate,
pyridine-borane complex; tetrahydrofuranborané complex, 2-picoline-borane complex, dimethyl
sulfide-Borar& €omPrX- Boditir-SyaHuhorShyHride: fithium A0Wsth iforBAYHdIE fithtdm aluminum
hydride, ReckAk{sbdiuhf tis(2-nyethroryethoxy)siuniipomLhydride), k-Setéctride Kithium
tri(sec-butyl)bgrohydride), K-Selectride (potassium tri(sec-butyl)borohydride), DIBAL-H
(diisobutylaluminum hydride) and the like, 15[Q049] Specifical odium sulfite, sodium hydrogen
sulfite, n-probylamin&%n%?égiél?getﬁ %‘I‘?ggdi 1I‘Aiya:rltc%‘?(id%eyaenae 6{0 %ééi%?n ﬁﬁ:ir%§id‘él§e%gferred as
nucleophilesnand sbditim sukits: mercRptoetianol Bagrsobium hdioxide are 26 wdreJreferred.

[0050]1 ¢ the interaction with a multi-stranded nucleic acid:

R15 R’IS
R14 R’!G - 14 16
Multi—stranded R R
nucleic acid
R13 R17 > R13 R17 (I11)
L
R11 "R12 Q11" “R12

but the coldring mechanism is not particularly limited.
[0040]
Specific examples of triarylmethane dyes include
15 methyl green, malachite green, crystal violet,
pararosaniline, gentian violet B, gentian violet R, night
blue, wvictoria blue B, victoria blue R and other leuco
derivatives. Of these, crystal violet, gentian viclet,
methyl green and malachite green are preferred, and crystal
20 viclet and gentian vioclet are more preferred.
[cc41]
In addition to the triarylmethane dyes, the following
may be mentioned: the quinoline dye 4-{p-
dimethylaminostyryl}guinoline, the phenothiazine dyes
25  phencthiazine and benzoyl leucomethylene blue, the
phenoxazine dye phenoxazine, and other leuco derivatives.
However, the dye is not limited to these as long as it
forms cocleor by contact with a multi-stranded nucleic acid.
[0042]



With respect to the combination of the dye and the nucleophile, preferred are combinations of crystal
violet and sodium sulfite, of gentian violet and sodium sulfite, 25 of crystal violet and sodium
hydroxide, of methyl green and 2-mercaptoethanol, of methyl green and sodium sulfite, and of
malachite green and sodium sulfite. Of these, comlgfei ations of crystal violet and sodium sulfite, of
gentian violet and sodium sulfite, and of methyl green and 30 sodium sulfite are more preferred. [0051]
In the step of bringing a chromogenic leuco dye into contact with a multi-stranded nucleic acid, the two

may be brought into,confgot in.any way.as,long.as fhe-Gramogenic 35 leugo dye ontacts the

multi-stranded nucleic acid so that 15 a reaction occurs between the two. [0052 With respect to

the detectiot BhaERASBISIIGH JF A SIS forned byfintét AT rEBEwWERR tHE Fe G5 d% and the 5
multi-stranded: hcleie acid, thelcatar is detected updenviSibteslighirstich asdightingyia apasrdinary

laboratory, without expasire t@ lightother, thanvisible, lightsueh asultraviglet ight, 1a g gase of
visible light, detection can be simplified because no s%eecial e%uigment is ref%yirednlqc%%j:nethe case of

ultraviofet irfRdiathe[08B3] The ShripRSPiEthod fortieté@ing a Mutti-stranded nudleic acid is by

visually observihgostiamgesdr ool résuting froii-cortatthetwedh e fBifcoidife aAdithe multi- 15

stranded nugleigc.acidovisyaly: observing; as used herein] means vissially Obsendng changes in the

color of the le1ico QYBWhent s baund to.(he yuuilsteanded fyielet agid 91 changes ilbe color of the

leuco dye WhEHT 155 ROt béund to the Multi-stranded Aucldic acid. The presence or 20 absence of a

multi-strandéd Kaéleicadia tah Yerunfifmed Based Giechatgbar tbld? tindef visisle light {0054]

Specifimexamples ekchangesdpreolos incude chaages imihe type afiecloednder visibte kght (visible

light it allows the dye to be converted to the leuco form and
then to be reconverted to the colored form by the
interaction with a multi-stranded nucleic acid.

[0043]

15 Examples of halide ions include fluoride ions,
chloride ions, bromide ions, iodide ions and the like.
[0044]

Examples of nitrogen nuclecphiles include ammonia,
methylamine, n—propylamine, dimethylamine, benzylamine, N-

20 methylbenzylamine, aniline, n~heptylamine, I-aminodecane,
1,3-diaminopropane and other amine nucleophiles;
acetylamide and other amide nucleophiles; diacetylimide,
diformylimide, phthalimide, metal salts of phthalimide and
other imide nucleophiles; and benzenesulfonylamide, p-

25 nitrobenzenesulfonylamide, o¥nitrobenzenesulfonylamide, m-
nitrobenzenesulfonylamide, p-toluenesulfonylamide and other
sulfonylamide nucleophiles, and the like.

[0045]
Examples of sulfur nucleophiles include thiols,
30 disulfides, thiourea and the like.
[0046]
Examples of alkali metal alkoxides include sodium
methoxide, sodium ethoxide, potassium tert-butoxide and the
like.

35 (00471



25 wavelength), and changes in the concentration of color (reflectance), but are not limited to these as
long as the changes can be detected under visible light. Exemplary changes in the type of color
include, for example, the changes from reddish-violet to aqua and the changes from 30 yellow to
reddish-violet. [0055] The nucleic acid can alsq ?e detected by measuring the absorbance of a
sample solution in the visible light range. Visible Iig% , as used herein, indicates light at 35 wavelengths
of 380 nm to 800 nm in particular. The 16 measurement wavelength can be set appropriately

according to the dyeysed Lis also passible tg gssay ihepuclelg Acid qoncenIralign na samle by

absorbance measurement. In addition, when an insoluble precipitate is formed of the 5 dye and
nucleic acid iéiEéPraterCiPBe Hete R RAE Lttt néRbrahte or by centrifugation. A dye of a
different coldro@ag also be mixed in to make it easier to determine the presence or absence of the

nucleic acid. [0056] £04 multi-stranded uplels agidcontaiped insa test.3anple £andie.datested by the
detection method, and the test sample is not parUcuIar%hmged as Ior;gh\%s it contains a multi-stranded

nucleic acid MHHdHiSh fO°rdalfidi TEGHS FELUIfRG Rt ABCISIE acid amiphficaion’Ts methods, liquid
extracts front mieroerganisms rahimat cells and planticeltobantalséehe LsédimBreover, liquid extracts

from foodstufisicamsuitabhrbe vsed {0052k Fhe pucigicacidapplification methed eam berany 20
method that am§lifies a nucleic acid sequence, such as éypci:c%%/lFOR. xamples of methods other
than FOR ingfu e butar&not fimitedo, known methods sich as TCR igase chain reaction), SDA
(strand displagérméaeaRpliicaior) TRERAX rolFRg Eltdle a1 alioR)Y EPT Ry cling probe 25
technology) :Q-beta teplisase aaplifieation techoalogy:tGAN-tishthermak ana ehirmearic primer-initiated
amplification of nucleic.acids), L A - jated j lification o \ A
(nucleic acid(sse?q%ljé%?ge- %ésjg%i amnﬁlglﬁi((j:(g%aﬁ %%%@)%)q% gr%&%%%ﬁ%ﬁdn%ogrgﬁfe%%plification
method). Q-BetaTBpleaserdnpRficativh fectiiiody REASNASER SATFUAS LAMP, ICAN and the
like involve ajpampliidationtreactecaba fixed temperaturedehjle DIFgImEthods such as FOR and

LCR involve an.amplification reagtian.viajempgraturg.eyaling. 33 jrraddition, when RNA is reverse
transcribed into DNA by a
15 (00497
Specifically, sodium sulfite, scdium hydrogen sulfite,
n-propylamine, mercaptoethanol, sodium hydroxide and
potassium hydroxide are preferred as nuclecphiles, and
sodium sulfite, mercaptoethanol and sodium hydroxide are
20 more preferred.
[0050]

With respect to the combination of the dye and the
nucleophile, preferred are combinations of crystal violet
and sodium sulfite, of gentian vioclet and sodium sulfite,

25 of crystal violet and sodium hydroxide, of methyl green and
2-mercaptoethanol, of methyl green and sodium sulfite, and
of malachite green and sodium sulfite. Of these,
combinations of crystal violet and sodium sulfite, of
gentian violet and sodium sulfite, and of methyl green and

30 sodium sulfite are more preferred.

[0051]

In the step of bringing a chromogenic leucc dye into
contact with a multi-stranded nucleic acid, the two may be
brought into contact in any way as long as the chromogenic

35 leuco dye contacts the multi-stranded nucleic acid so that



17 reverse transcriptase or the like, the RNA can then be detected indirectly by a nucleic acid
amplification method as mentioned above using this DNA as a template. [0058] 5In the case of
detecting a multi-stranded nucleic acid that is an amplified product of a nucleic acid amplification
method, the leuco dye is preferably added to the reaction liquid after the nucleic acid amplification
reaction, or alternatively the leuco dye may also be'atided 10 to the reaction liquid in advance before
the nucleic acid amplification reaction. [0059] The leuco dye may be added alone to a test sample
containing a multi- stranded nuclelc agld %g m%)ﬁbe 15, added in the form of a mixture with a
stabilizer. [086 the Stabilizer is a compouna that | prevents coloring of the leuco dye, and may, for
example, be & ting agent, an amine or thiol compound or the like although it is not 20 limited to
these as long as it preventsecipeng. The stabilizer mayibenadded:alonesaba €oimbihatiantof more

than one may he added: {0061 '\49699{%&@%&%9 %&W@éﬁ@&%@%@'&%ﬂwg 3,23 tegisample

containing a multi-stranded nuclei€ acid, or alternatively a cqolored dye may be freated with a

nucleophile Blthe ke SRS 658 donGerted o 4 Ied%bedﬁeol}%re“ﬁddilﬁgﬁ“&ﬁ&nﬁﬂ%ﬁ a mixture of
a nucleophiler andialeoldierhdye maly Fesadderth Forexample, 30-cri/stat violetonay beavixed with

sodium Sulf%ﬁeeeoexeged&a&@%% angdiibis mixurecanithen beiused fof visual detection of
a multi- strand;% nuclel d It | artlc Iarl effective to ﬁse a |ID§laJid m]lxtug1 e of a,njgcleoghlle and a

colored dye W ﬁ?ﬁé? 5 unsr%abI}e and difficult 1o 1Sotate’ ect
can be 51mpllfled because no speclilal equipment is required

10 as in the case of ultraviolet irradiation.
[0053]

The simplest method for detecting a multi-stranded
nucleic acid is by wvisually observing changes in color
resulting from contact between the leuco dye and the multi-

15 stranded nucieic acid. Visually observing, as used herein,
means visually observing changes in the color of the leuco
dyve when it is bound to the multi-stranded nucleic acid, or
changes in the color of the leuco dye when it is not bound
to the multi-stranded nucleic acid. The presence or

20 absence of a multi-stranded nucleic acid can be confirmed
based on changes in coleor under visible light.

[0054]

Specific examples of changes in color include changes
in the type of color under visible light (visible 1ight

25 wavelength), and changes in the concentration of color
(reflectance), but are not limited to these as long as the
changes can be detected under visible light. Exemplary
changes in the type of color include, for example, the
changes from reddish-violet to agqua and the changes from

30 yellow to reddish-violet.

[C055]

The nucleic acid can also be detected by measuring
the absorbance of a sample soluticn in the visible light
range. Visible light, as used herein, indicates light at

35 wavelengths of 380 nm to 800 nm in particular. The



18 [0062] The amount of leuco dye added to the test sample containing the nucleic acid is not
particularly limited as long as the coloration can be observed. The final 5 concentration is typically 10%
or less, preferably 1% or less, and more preferably 0.1% or less. [0063] The colored test sample
liquid after nucleic acid detection can be used as is for other molecular biological 10 operations. Such
molecular biological operations include restriction e%@yme treatment, sequencing reactions, and PCR
and other enzyme reactions, as well as identification operations based on electrophoresis, and the

like. [0064] 15 2.Nucleic a%id deteﬁtion %%vic% an é(itsyee resent ir}lmvaecnetzign aall%o E)eg%tfs to a device or

kit for detectln%aas%ﬁfﬁ%{lranggg%ugfé?c acid, comprising:. OZ ‘carrier carr))fn%a euco ai?e, (e)a
pathway for & testsanbié t§pass thrbligh thé Larier¢d)s Brdgf) EPpart 204or détettifig &hder visible
light the colo&@lna'ng@@xhibﬁ@d@dntemctb_)nsbatplbenktbe ieﬁ@abm{e@Mdbe@mmWﬁtq determine
the presence.of a multi-stranded ayicleic acid 00651 25The matetialof the eairier ¢d).gartying a leuco
dye is not particularly limited as long as it can carry the dye and allow passage of a test sample

containing a MRISE Sl Pérefted SpRcifit Mxaiies IthitieSn Sittoveh BbHES fttrhaper, fiberglass
filter paper, fibefglass clathr, 3@glass fiters; nitocelialose fifteps; ahdrporobs meterdlszof polyethylene,

polypropyleng;arsbedike. The lpucodyemay hefixed.emythe.carger,()dy:a kagwndnethgd such as
physical adsaqr tionmchemé: al binding or the like. ghgsical a og%tion may be acco,n&plished for
example by E?ﬁné%ﬁs rptioR ifT WHICH the carrier i%ci%p?egna &d Wity ©+¢ #ete-

[G056]

10 A nmuiti-stranded nucleic acid contained in a test
sample can be detected by the detection method, and the
test sample is not particularly limited as long as it
contains a multi-stranded nucleic acid. In addition to
reaction liquids resulting from nucleic acid amplification

15 methods, liguid extracts from microorganisms, animal cells
and plant cells can also be used; moreover, liguid extracts
from foodstuffs can suitably be used.

[0057]
The nucleic acid amplification method can be any

20 method that amplifies a nucleic acid seqguence, such as
typically PCR. Examples of methods other than PCR include,
but are not limited te, known methods such as LCR {ligase
chain reaction), SDA (strand displacement amplification),
RCA (roliing circle amplification;, CPT {(cycling probe

25  technology), O-beta replicase amplification technology,
ICAN {iscthermal and chimeric primsr—-initiated
amplification of nucleic acids}), LAMP (loop-mediated
igsothermal amplification of DNA}, NASBA (nuclelc acild
sequence-based amplification method) and TMA (transcription

30 mediated amplification method). ¢-beta replicase
amplification technology, RCA, NASBA, SDA, TMA, LAMP, ICAN
and the like involve an amplification reaction at a fixed
temperature, while other methods such as PCR and LCR
involve an amplificaticn reaction via temperature cycling.

35 In addition, when RNA is reverse Lranscribed into DNA by a



19 a certain amount of a dye solution and then dried. [0066] The amount of leuco dye carried by
the carrier (d) is not particularly limited as long as the color change can be 5 detected under visible
light. The final concentration of the dye after mixing with a test sample containing a nucleic acid is
preferably 10% or less, more preferably 1% or less, and still more preferably 0.1% or less. [0067]
10When a test sample passes through the carrier ((ib7carrying a leuco dye, and the test sample
contains a multi-stranded nucleic acid, the multi-stranded nucleic acid interacts with the leuco dye so

that a leaving group is dissociated from the leuco dye, thereby causing changes in 15 color. The
interaction h%r%}rnerlg%?/ (tj)cer,%%? ?srﬁgtq?ﬁi?ef f%,%%\?algﬁﬁi(gihd%es& gascsgp'%c%ee&n %g or disulfide
binding, or n6F-eBvaleRt bindintEsicha®brebifdings ésordiikie Pithdd, Wart derwerlidbihding or
7t-Tt interaction. 28[0068hed dhevisteractian betiveenthe ault-stranged theicleic acid and the leuco
dye on the ca{r(giﬁg@ may be affected by the affinity between the multi-stranded nucleic acid and the
carrier, and by the hygroscopicity of the carrier. 25 Therefore, the carrier may be impregnated or

surface toated with a Rydraphii olyhe 6 &stddantinBideritodohtdf it Roitspééfic adsorption
of the multi-stranded mucleic aeid arthé hdrascopivityf0069] 30 The: pathway(&) for a test sample to

pass through.thecar(d) is 2 pathway, though which,a est.sample applied to,the deyies;ot kit of the

present invention moves. The yEathw,a is pot Earticularl limited as long as it induces movement of the
d

ind
test sample. THE patfivay Rihy B&35Drévided withta gréoverSitAGugh S is riot & regtitement. 20
The pathway@} is-éornected ol tirercartién @) nndthe beterminationmpart £0.sso et #isltest sample

can mave aleng thespatbway {ehtorthg cadrier(di and.the determirationpart (f).ckhe material of the
pathway (e) ig, 5 riotﬂ%%rg%ularly Iimailtggiaosnlong as it allows passage of a test sample containing a
multi-strandegfg1 r§u509e3|c acid. TBO%? )

The leuco dye may be added alone to a test sample

centaining a multi-stranded nucleic acid, or it may be
15 added in the form of a mixture with a stabilizer.
[0060]

The stabilizer is a compound that prevents coloring
of the leucc dye, and may, for example, be a reducing agent,
an amine or thicl compound or the like although it is not

20 limited to these as long as it prevents coloring. The
stabilizer may be added alone, or a combination of more
than one may be added.

[0061]

Morecver, the leuco dye may be added directly to a

25 test sample containing a multi-stranded nucleic acid, or
alternatively a colored dye may be treated with a
nucleophile or the like so as to be converted to a leuco
dyve before addition. Alternatively, a mixture of a
nucleophile and a colored dye may be added. For example,

30 crystal violet may be mixed with sodium sulfate to he
converted to a leuco dye, and this mixture can then be used
for visual detection of & multi-stranded nuclieic acid. It
is particularly effective to use a liquid mixture of a
nucleophlle and a cclored dye when the leuco dye is

35 unstable and difficult to isolate.



The determination part (f) for detecting under visible light the color change exhibited by interaction 10
between the test sample and the dye to determine the presence of a multi-stranded nucleic acid is a
part that the test sample passing through the carrier (d) arrives at via the pathway (e). [0071] 15The
presence or absence of a multi-stranded nucleic acid can be determined by detecting changes in color
at the determination part (f) under visible light, withddt the need for specialized equipment such as a
UV irradiation device, fluorescence detection device or the like. 20[0072] The material of the
determinatio f) is not particularly limited as long as it allows passage or absorption of a test
sample containing’a multi-stranded nucleic acid. Preferred specific examples include nonwoven
25fabrics, filter papeFherglass filtefpaFerc ib&igfassddsm, §Rssifefs Hitrst@bidie filters, and
porous matetiats-efipalyethylesenpelypropyieneioritherdike. Phesd materidls have srsuitaide rate of

moisture absorption an e in ter isual o vadi f 30 color when color is
developed b%yéf;lgr%u%iit?ﬁ%e%%%%@%éiﬁ??ﬁé gzilgt%\géa%o pl(?)_i%b%tt@o%%timate the
id-M atest

concentratiofi Gt &SR b kRSt etth & mbfe By pPésargPs5 & cofretdtion table
showing the egege ehcoloratieonp2& Uependnglonithecamaoanstsof the multi-stranded nucleic acid. By
preparing a ¢gjfpgation curve using nucleic acid standards of known concentrations, it is also possible
to assay the amount of a multi-strapded nucleic acid in,a 5 s with Wngf'g’j;gsed analysis

f a m
equipment such as aﬁﬁ?eccff% HoTS Et%?,tcosigfn é)?#fjl remc urﬁge?p%?’?é‘le%ﬁon mete%ﬁb 74]

detection can be used as is for other molecular biological
10 ocperations. Such molecular bioleogical coperations include

restriction enzyme treatment, sequencing reacticns, and PCR

and other enzyme reactions, as well as identification

operations based on electrophoresis, and the like.

[0064]

15 2. Nucleic acid detection device and kit

The present invention also relates to a device or kit
for detecting a multi-stranded nucleic acid, comprising:
(d) a carrier carrying a leuco dye, {e) a pathway for a
test sample to pass through the carrier (d), and (f) a part

20 for detecting under visible light the color change
exhibited by interaction between the test sample and the
leuco dye to determine the presence of a multi-stranded
nucleic acid.

[00865]

25 The material of the carrier (d) carrying a leuco dye
is not particularly limited as long as it can carry the dye
and allow passage of a test sample containing a nucleic
acid. Preferred specific examples include nonwoven fabrics,
filter paper, fiberglass filter paper, fiberglass cloth,

30 glass filters, nitrocellulose filters, and porous materials
of polyethylene, polypropylene or the like. The leuco dye
may be fixed on the carrier (d) by a known method such as
physical adsorption, chemical binding or the like.

Physical adsorption may be accomplished for example by

35  drying adsorption in which the carrier is impregnated with



The method for applying a test sample to the multi- 10 stranded nucleic acid detection device or kit is
not particularly limited, and the test sample may be applied for example by dripping, immersion,
suction or centrifugation. After the test sample is added, it may also be developed with a separate
solvent. In the case of 15 developing with a solvent, ghe solvent used is not particularly limited unless it
affects the color of the dye, and examples include water and buffers. The multi-stranded nucleic acid
detection device or kit of the present invention may also be provided with a separate sample 20

addition part; The-testisampleunay atso=beiapples ditecily ta:the cauier {d) earrying a leuco dye.
[0075] Thba ier (d) may carry the leuco dye alone, or may carry the leuco dye together with a
stabilizer. The géaeérﬁabilizer may be an amine, thiol, reducing agent or the like, although it is not limited
to these as long as T 8GpprEsEas séIE.coRNRE of e RAUES WA, Rbrédvercivstddd of the Iedco dye
carried directly bydhe caticraa cpldred dyedndsa tomposand that readtswith teydyecton3@ehange it

into the euieq Joum may b mixed, andindudefagethanon the carrier, Examples of e gompound that

reacts with a colored dye to change it into the leuco form include, but are not limited to, sulfite ions,

hydrogen sutit& iGHE nitfats ToRst ithite b cyanide onS>38 halide iboris: Aitfsheh nucleophiles,
sulfur nucleaphiles,i @2zatkali metat adkoxidds] alkali‘metal Bydroxidesrhydrivef auabdphiles and other

nucleophiles, A qarder carrying & stabjlizercor-a differantikind of dye, may.alsQ be disposed
downstream égr upstream from the carrier (d). In this case, the carriers (d) and (e) may or may not
be in contac each other. Another carrier(s) may also be disposed between the two carriers and/or
beforeldt after the twWEMoreovers & regioniwhersthetesfSerHgie i Bpplied B-fegiorffor determining
color or another regian may, dukihnecessannbe-providediseparately. {2076] The member that is a
substrate for ihe carier 0,be,disposed |5 nparticplary pitec a3 ong,gs i canasupgort the carier,
and examples of its matenal are 15 p?astlc, paper, glass and other materials. The surface thereof may
MSobeadhé#ﬁ§{@@ﬁﬁ with the leuco dye so that a leaving group 18

dissociated from the leuco dye, thereby causing changes in

15 color. The interaction herein may be, but is not limited
to, covalent binding such as peptide binding or disulfide
binding, or non-covalent binding such as ion binding,
coordinate binding, Van der Waals binding or zn-=m
interaction.

20 [00e8]

The interaction betwsen the multi-stranded nucleic
acid and the leuce dye on the carrier (d) may be affected
by the affinity between the multi-stranded nucleic acid and
the carrier, and by the hygroscopicity of the carrier.

25 Therefore, the carrier may be impregnated or surface ccated
with a hydrophilic polymer oxr surfactant in order to
control the non-specific adsorption of the multi-stranded
nuclelc acid or the hygroscopicity.

[0069]

320 The pathway (e) for a test sample to pass through the
carrier {(d) is a pathway through which a test sample
applied to the device or kit of the present invention moves.
The pathway is not particularly limited as long as it
induces movement of the test sample. The pathway may be

35 provided with a groove, although this is not a requirement.



With the multi-stranded nucleic acid detection device or kit, a multi-stranded nucleic acid can be
detected 20 easily and rapidly through color formation due to a reaction between the multi-stranded
nucleic acid and the leuco dye. [0078] Specific examples of the multi-stranded nucleic acid 25
detection device and kit according to this embodiment are shown in Figs. 1 to 4. [0079] Fig. 1 shows a
chromatography-type device for multi- stranded nutfeic acid detection. This detection device 30
includes a carrier 1 carrying a leuco dye, a sample addition part 2 and a determination part 3, bonded

by means of.ﬁt ressure-sensitive aghesive or th%li%e onto.a member.4 as %m%tr@%% [0080] 35Fig. 2
shows a filter- §p$ %Jg{/li"g:%%or%r% lti-Stranded %Eenuc gic ac?d gétec?fonr. Ig tr)?e evice of Fig. 2, a test

sample is aphtiedndida alsippotting Bbdy 53nd-theh, Whte By ifdBntact ¥ith Zf{’to dye carried
by a carrier %isrreceivedim altestysateplecontainer6.x\Withi5 this cenfiguration, the presence or

absence or ihe ampuntafamullsirandad nuslele aaid centainertindhe igshsample (an be
determined based on the color of the test sample solution contained. in the test sample container 6.

The presencébr B5senteorithe Antodit oF & mEltitStRshddl 1 nadie Sti® &85 Beetérmiined very
rapidly and easily itthertést sampleiis atlgwadnto pass stroagh i fiterlype caerdel-by centrifugation,
increased presgyre or the like. [0081] Fig. 3 shows a suction-type device for multi-stranded 15 nucleic
acid detection. The detection device of Fig. 3 is compased of a carrier 1 carrying a leuco dye and a
supporting body 7 th Ef’or?lir%tg Eﬁ%tri]@nt&é%lcgalﬁ%ié%%, ég ?nrlcr%%%p%‘ft%]tfbgis%%e "as an example of
the supportifig bbby ¢hatifehis Blsricion devicezade istid baded JovmickdFipeidiRimounted on the
upper ppening-of thentip pad then useefa suction a testgample thieughaisustion®pening. This
embodiment s nof imted.in appligalion.fo mictoRipetis s ang.can aiso b applied syitably (o
pipettes such ‘as Pasteur pipettes and omagome pipettes, 25capillary devices, syringes and the like.
With this cortfitfur&fier; théprdsericest absehtd of @mbfisstramteyss (d} arrives at

via the pathway {(e).
[0G71]

i5 The presence or absence cf a multi-stranded nucleic
acid can be determined by detecting changes 1n color at the
determination part (f) under visible light, without the
need for specialized equipment such as a UV irradiation
device, fluorescence detection device or the like.

20 [C072]

The material of the determination part {(f) is not
particularly limited as long as it allows passage or
absorption of a test sample containing a multi-stranded
nucleic acid. Preferred specific examples include nonwoven

25  fabrics, filter paper, fiberglass filter paper, fiberglass
cloth, glass filters, nitrocellulose filters, and porous
materials of polyethylene, polypropylene or the like.

These materials have a suitable rate of moisture absorption
and are alsco advantageous in terms of visual observation of

30 color when color is developed by a multi-stranded nucleic
acid.

[0073]

It is also possible to estimate the concentraticn of

a multi-stranded nucleic acid in a test sample by preparing

35 a correlation table showing the degree of coloration



nucleic acid can be visually detected very rapidly and easily based on the color of the dye by using
each of such suction devices including a carrier to suction a test 30sample. [0082] Fig. 4 shows a
channel-type device for multi-stranded nucleic acid detection. The channel-type device shown in Fig. 4
characteristically includes a carrier 1 carrying a 35 leuco dye, disposed on a chip 8 having a channel
cut 24 therein. This chip may include a mechanisn?for nucleic acid purification, nucleic acid
amplification or the like. In the detection device according to this embodiment, a test sample applied to

a sample addition part 9 moves along 5 a channel 10 and passes thro the carrier 1 to, arrive finally
ata determinga?t%%r%%r{qfﬁlhgs%?esaegﬁ%g%% a ge%%ee or dlé% %m%ﬁﬁ gfy ag %urfﬁl-%ﬁ%aeg %ﬁ%l'eic acid
can be deter®in&d SiuaHT By DbSBAIRG tHelcoloF&iiBitef Antherdetdmiiiatier Part 14 under visible

light. The shaped9:0fohannekidisnnatiqackeidady imited, and mayesstraigbkarauwved for example.
As shown in Fig. 4, if multiple combinations of the channe ggdlﬁgg'ieriage é)é%ﬁd?g on the chip 6, the
passage time of the test sample along the channel 10 until reaching ?he determination part 15 14 can
be varied bySARAIRG the idhgth Of dyantit IWreA tHE thiF S hdiridsta fechanisnd for nucleic acid
amplifications the-amounbtobmadieic acicbamplified Cam decmariedbyrvaryingdlié gpassage time of the
test sample, andtherefore nucleic acid amplification and detection of the 20resulting product can be
performed in st 9%3 [0063] 3.Nucleic acid detection device and kit The present invention also relates
to a device oﬁiﬁtf detecting amulti-stranded nucleic acid, comprising: 25(g) a carrier carrying a leuco
dye and provided withhan opéning thattis apeagd by extématfoseaol reldasetine lwudd dye; h) a

pathway; for genducting the seleased leugodyedon deaterminationpart; andi(H the determination part
for retaining an_introduce tesﬁﬁ%ry le OIand d%teggrég Tl:Jnd%r 30 wsitge Ilght %%an%pce)p?r%}n é:glor resulting

from a reactipo%%te]fvcvléeﬁ the retained test saanmple and the 1eG¢o" gye introduced e carrier (9) via

the pathway {RY toeFeteFmmettie présdticecof o RMEstandedHGEléRracid. [0084] 35The material of
the carrier (g)«atlyinfhadelcordye After the test sample is added, it may

also be develcoped with a separate solvent. In the case of

15 developing with a solvent, the solvent used 1s not
particularly limited unless it affects the color of the dye,
and examples include water and buffers. The multi-stranded
nucleic acid detection device or kit of the present
invention may also be provided with a separate sample

20 addition part. The test sample may also be applied
directly to the carrier (d) carrying a leuco dye.
[0075]

The carrier (d} may carry the leuco dye alone, or may

carry the leuco dye together with a stabilizer. The

25 stabilizer may be an amine, thicl, reducing agent or the
like, although it is not limited toc these as long as it
suppresses self-coloring of the leuco dye. Moreover,
instead of the leucc dye carried directly by the carrier, a
colored dye and a compcund that reacts with the dye to

30 change it into the leuco form may be mixed and included
together on the carrier. Examples of the compound that
reacts with a colored dye to change it into the leucc form
include, but are not limited to, sulfite ions, hydrogen
sulfite ions, nitrate ionsg, nitrite icns, cyanide ions,

35 halide ilons, nitrogen nucleophiles, sulfur nucleophiles,



25 and provided with an opening that is opened by external force to release the leuco dye is not
particularly limited as long as it can carry the leuco dye stably for a certain period of time. The carrier
(9) is loaded with the leuco 5 dye, and the opening for releasing the leuco dye is normally closed so
that the leuco dye is only released when the openinﬁg of the carrier (g) is opened by external force. The
external force herein is not particularly limited as long as it can open the carrier, and examples include
10 pushing down with a finger or pushing down by mechanical means. The mode of opening by

external force s, not parti ulfrl limited as Iong s the leuco dye can be.rgleaseg 8nd xamples
. 1 Iy T .
include brea%%ao?%l r%%?n ra%e iégﬁfl%%sd lelco ¢ yé. The device grok}ftlacec%fdlné tg %ﬁ% 15

embodiment/Hi&y- 8556 Brovidsl With athestie-2RapAd Sfuctufe fefakilitate GeRiig 8f the carrier
(9). [0085] stdbepathway thkfor comducting therdleased Jeuqasdyestotheideterminatient part is a

pathway throygh which the 20 Jouco dye released-rom the catrier (g) passgs. Theshape.and material

of the pathway (h) are not particular limited as Iong as they allow passage of the leuco dye. For

example, wheh e réR8sed fducodye!GrbpaTy gravitdtioha? forlé Yo Bitve at the det&rhfifiation part
(1), the pathwayt26(hy can betany.thakdoesinot inspedesthédropping of the leticdidyec f3086] The

determinatiop pafiWr-for retaining an intieduced tgst-sampleand ehserying A substance produced 30
by a reaction between the retained test 5am le %nd the leuco dg/f introduced. from the carrier (g) via

the pathwayDéﬁ)rﬁﬁ&reeﬁﬂsiglerl?g%?51 visighy de Erame:neeStif'uespiarré1 ereizzcelgf'ec[L %Pujltll-% ranaed nucleic acid is
as explainedtifdherofAtext Ot thergavide1or Kip for tletdctie d ifilti-s#aAded B5 Ywcleic acid according

to the first embediment ¢f the: 26rRreseatinvertion {@087] A specific example of the
multi-strandepor&%?ic acid detection device according to this embodiment is shown in 5Fig. 5. [0088]
The member that 1s a substrate fof the carrier to be
disposed is not particularly limited as long as it can
support the carrier, and examples of its material are
15 plastic, paper, glass and other materials. The surface
thereof may also be adhesive.
[0077]
With the multi-stranded nucleic acid detecticn device
or kit, a multi-stranded nucleic acid can be detected
20 easily and rapidly through color formation due to a
reaction between the multi-stranded nucleic acid and the
leuco dye.
[0078]
Specific examples of the multi-stranded nucleic acid
25 detection device and kit according to this embodiment are
shown in Figs. 1 to 4.
[0C79]
Fig. 1 shows a chromatography-type device for multi-
stranded nucleic acid detecticn. This detection device
30 includes & carrier 1 carrying a leuco dye, a sample
addition part 2 and a determination part 3, bonded by means
of a pressure-sensitive adhesive or the like cnto a member
4 as a substrate.
(00801
35 Fig. 2 shows a filter-type device for multi~stranded



Fig. 5 shows a tube-type device for multi-stranded nucleic acid detection. This tube-type device also
encompasses those including a mechanism that allows a dye 10 to be added to a nucleic acid solution
by external physical action. In Fig. 5 for example, a leuco dye 11 is carried by a membrane at the cap
part of a tube 13, and in this case breaking the membrane by external physical action (such as
pushing with a finger) using a needle-shaped 15 steucture 12 incorporated in the cap causes the leuco
dye 11 to drop into the bottom of the tube, thereby staining a multi-stranded nucleic acid contained in a

test sample at the hottom P%L%e tube. %\%089] rIln %r}?epr&;,ggt igvgr%ti%n., the EnL.Hti-S ranged nucleic acid

detection kif F&fer§ 15 a6 §ViaEG With variots Teagénts: teols and e like inaddition to a detection

unit includingarsolaticrs o aiducerdyefor Speaifis BRI S ARG althdiH-strantied HtRleic acid. Those

including 25,fhe devices descrbed abave added thereta.are alse consideratl the kits. The various
reagents include primets and DNA polymerases far amplifying farget nucleic acids, ang buffers and
restriction ercfza‘yrn}l“:é"se 5sgd inlﬁucﬁgi%%c\ly(? %emjb%figagtoensr%a%é&g{ s, and the Iike.e 30[0090] The colored

test sarmple EBAtaIMAG BirtKiedtisHe dihf 1616 22RT OBtaned BSRERIcA d8%ceLdr be used as is
for other motetutarbiqlogicat eperatians. icXamples of Suchmalecdr biological opetations include

restriction 34 epgyme iigatment, seqpeaciog readlions,And EOR and other 27.enzyme reactions, as
well as identification operations based on electrophoresis, and the “kﬁi Oog,ﬂghe muIt%-stranded

A [
nucleic acid HRTELBN V65 B brRSRREiNvEN A mas Hisd BESHCorhSratEd tits an-apparatus for
automatically treating sestsamplesiandanalyzing-basesequehces anhdtheé like sFsead@diple, when

the_dn ugteic _éffﬁh%éétf@ti% %?_V@srpfg@_e @é%%e{%lmy@gti% isjing%mq@g@dam@ an @@mgramfs for Inycleig:d
o when ST Eorb37shed 5 a1 Ao ahE DNA Bhah SR aparalt et & poddae s 1l solect
and analyzewrily:  saniyile deattiasias-amplifiedare kiisfe P by FOR SIS EXAMPLES® -
{0081}
Fig. 3 shows a suction-type device for multi-stranded

1% nucleic acid detection. The detection device of Fig. 3 is
composed of a carrier 1 carrying a leuco dye and a
supporting body 7 that forms a suction device. In Fig. 3,
a micropipette tip is used as an example of the supporting
body that forms a suction device, and in this case a

20 micropipettor is mounted on the upper opening of the tip
and then used to suction a test sample through a suction
opening. This embodiment is not limited in application to
micropipette tips, and can also be applied suitably to
pipettes such as Pasteur pipettes and Komagome pipettes,

25 capillary devices, syringes and the like. With this
configuration, the presence or absence of a multi-stranded
nucleic acid can be visually detected very rapidly and
easily based on the color of the dye by using each of such
suction devices including a carrier to suction a test

30 sample.

(00821

Fig. 4 shows a channel-type device for multi-stranded
nucleic acid detection. The channel-type device shown in
Fig. 4 characteristically includes a carrier 1 carrying a

35 leuco dye, disposed on a chip 8 having a channel cut



[0092] The present invention is explained in detail below  referring to examples. However, these
examples do not 20 restrict the technical scope of the present invention. [0093] (Example 1) Detection
of FOR product using leuco dye (1) (i)Synthesis of leuco dye (1) 500 mg of crystal violet was
dissolved in water, 25 after which 200 mg of n-propylamine was added and stirred for 30 minutes. The
resulting precipitate was dried to obtain 450 mg of feuco dye (1)
(1,1-tris(4-N,Ndimethylaminopheny1)-N-aminopropane). [0094] 30(ii) Preparation of FOR product

The following7 Primer F: 5'- GAAACAGCTAT.GACEC@TGA-:B' apld PrimerfR: 1ei

5-CTATGC Eﬁfﬁ@AGA E\Ggg'l\ﬁerrréa esjl“élr?edl S0 agtd %ﬁov?/%lssemque%%eno%o& 1hﬁ 330 base
pairs to be antlified by EORaamplification Lising Q@@@Q%mﬁﬁé{ﬁiﬁ@)@@!ﬁcg%stél?e%él fe. 15 pmol
ealchl) ng Primeg Ft@i;@zd géier@fﬁozﬁ and 104ig:0fR0M Dwerecplased inead:2 MR tube, and a 100
p. reaction liquid was prepared, in accordance with an CRKit, (fakara Bio
Inc.). The tutg)éa C\“S/vtasgtﬁzélﬁvxs%t i ﬁﬁeercrin% %ygle%%g%%egAr%%%gc%a%;s e%%%(%é%ﬁﬁ%iogs%%egns Inc.)),
heat treated Jorcs aiRGtes b 9567 RPRRER stbfettst to™3% cydéd bf 50 Sek8ndd 4t 95T, 30 seconds
at 55C and 30 secdngszat 72 Clteramplifythe darget sequence aftreuglly=330gp as a positive control.

As a negative control, a,similar reaetionwas-also 10y perfarmed with n X tat-DRA polymierase
added. [0095] (i) Detection of PCR produc

added to 50 ¥, SFUEBRITG EGATA Al GRnEAUAGY he Gotok SERATEFECEIgYe wes

the determination part 14 under visible light. The shape

10 of channel 10 is not particularly limited, and may be
straight or curved for example. As shown in Fig. 4, 1f
multiple combinations of the channel and carrier are
provided on the chip 8, the passage time of the test sample
along the channel 10 until reaching the determination part

15 14 can be varied by varying the length of channel. When
the chip 8 includes a mechanism for nucleic acid
amplification, the amount of nucleic acid amplified can be
varied by varying the passage time of the test sample, and
therefore nucleic acid amplification and detection of the

20 resulting product can be performed in stages.
[0083]

3. Nucleic acid detection device and kit

The present invention also relates to a device or kit
for detecting amulti-stranded nucleic acid, comprising:

25 (g} a carrier carrying a leuco dye and provided with an
opening that is opened by external force to release the
leuco dye; h) a pathway for conducting the released leucc
dve to a determination part; and (i) the determination part
for retaining an introduced test sample and detecting under

30 visible light changes in color resulting from a reaction
between the retained test sample and the leuco dye
introduced from the carrier {(g) via the pathway (h) to
determine the presence of a multi-stranded nucleic acid.
[0084]

35 The material of the carrier (g) carrying a leuco dye



15 control, and then the color change was observed and the absorbance (A590 nm) was measured.
The results are shown in Table 1. [0096] (Comparative Example 1) 20A PCR product was detected by
the same methods as in Example 1, except that gentian violet was used instead of the leuco dye. The
results are shown in Table 1. [0097] (Example 2) Detection of LAMP product using leuco dye (1)
25(i)Preparation of LAMP product A nucleic acfd’amplification reaction liquid was prepared by the
LAMP method using a "Loopamp (R) Salmonella Detection Kit" (EIKEN CHEMICAL CO., LTD.). 10 ?Al

of Control DNA Sal and. 40 1 1.1 of a master mix (separately 30 prepared by mixing Reaction Mix. Sal
and Bst DNA %Coil)}:r)rlfezorg%g E) 28:%1E %ly \%&u%?e%%élr% rgfg(%g, rle%c?gge %%% %)gur)é a%%%‘&ggﬁd then reacted

for 20 minuté§ EEBOC A0 Préperean idxetibf tignid-contadiRinCamphfidd Audeik ldtid §FositR control).
Separately, 2@ iliof €zpnirol DNASal and 4P pan3d5 DEReactign: Mix.-Salwearernmixedeteaeied for 1 hour
a1 650 20 apa lhep eactad fu 20 minies 21006 (oerena o sacion ey wihau ampiied
nucleic acid {negative control). [0098] 5(ii) Detection 6f LAMP product The procedure of Example

1 was followadexcBpfthal the BRI SrottEtsifiéRATSePad e teRESAMPIS. Fhe results are shown
in Table 1. [0@89]40[Takléd}ed so that the leuco dye is only released when

the opening of the carrier (g) is opened by external force.
The external force herein is not particularly limited as
long as it can open the carrier, and examples include
10 pushing down with a finger or pushing down by mechanical
means. The mode of opening by external force is not
particularly limited as long as the leuco dye can be
released, and examples include breaking of a membrane
carrying a leuco dye. The device or kit according to this
15  embodiment may also be provided with a needle-shaped
structure to facilitate opening of the carrier (gj}.
[0085]
The pathway (h} for conducting the released leuco dye
to the determination part is a pathway through which the
20  leuco dye released from the carrier (g) passes. The shape
and material of the pathway (h} are not particular limited
as long as they allow passage c¢f the leuco dye. For
example, when the released leuco dye drops by gravitational
force to arrive at the determination part (i}, the pathway
25 {h} can be any that does not impede the dropping of the
leuco dye.
[0c8el
The determination part (i} for retaining an
introduced test sample and observing a substance produced
30 by a reaction between the retained test sample and the
leuco dye introduced from the carrier {(g) via the pathway
(h) under visible light to visually determine the presence
of a multi-stranded nucleic acid is as explained in the
context of the device or kit for detecting a multi-stranded

35 nucleic acid according te the first embodiment of the



Exémple 1 Comparative Example 1 Example 2 PCR PCR LAMP method Nucleic acid amplification _
..... + - Absorbance (590nm) 0.013 0.456 0.510 0.537 0.024 0.421

26

present invention.
[0087]

A specific example of the multi-stranded nucleic acid

detection device according to this embodiment is shown in
5 ¥Fig. 5.
[0088]

Fig. 5 shows a tube~type device for multi-stranded
nuclelc acid detecticon., This tube-type device alsc
encompasses those including a mechanism that allows a dye

10  to be added to a nucleic acid solution by external physical
action. In Fig. 5 for example, a leuco dye 11 is carried
by a membrane at the cap part of a tube 13, and in this
case breaking the membrane by external physical action
{such as pushing with a finger) using a needle-shaped

15 structure 12 incorporated in the cap causes the leuco dye
11 to drop inte the bottem of the tube, thereby staining a
multi-stranded nucleic acid contained in a test sample at
the bottom of the tuke.

[0089]

20 In the present invention, the multi-stranded nucleic
acid detection kit refers to a form provided with various
reagents, tools and the like 1rn addition to a detection
unit including a sclution of a leuco dye for specifically
coloring a multi-stranded nucleic acid. Those including

25  the devices described above added theratc are also
considered the kits. The varicus reagents include primers
and DNA polymerases for amplifying target nucleic acids,
and buffers and restricticn enzymes used in nucleic acid
amplification reactions, and the like.

30 [0090]

The colored test sample containing a multi-stranded
nucleic acid, cobtained using such a device can be used as
is for other molecular bioleogical operations. Examples of
such molecular biological operations include restriction

35  enzyme treatment, sequencing reactions, and PCR and other



Color Colorless Blue-violet Blue-violet Blue-violet Colorless Blue-violet Visual detection Possible Not
Possible Possible [0100] In Example 1, the color turned blue-violet immediately after addition of the
lueco dye in the case of 15 the positive control with nucleic acid amplification by PCR. In the case of
the negative control with no nucleic acid amplification by PCR, on the other hand, there was no
coloring after addition of the leuco dye; therefore, the presence or absence of nucleic acid
amplification could be 20 easily determined visually. The time required for detection with the dye was 1
minute or less. [0101] In_Comparativeeai??r:’g lel, a %L}L"J -violet,color a%%eaq:regrg%gardless of

whether ther@ (&8 RuERICET 28 afiBlifiE nd it difficti i determine tia presence or

absence of thaditleic agiectrophoresis, and the like.
[0091]
The multi-stranded nucleic acid detection device of
5 the present invention may also be incorporated into an
apparatus for automatically treating test samples and
analyzing base sequences and the like. For example, when
thé nucleic acid detection device of the present invention
is incorporated into an apparatus for nucleic acid
10 purification or amplificatiocn, it is possible to determine
the presence or absence of nucleic acid; or when it is
incorporated into an automatic DNA analysis apparatus, it
is possible to reliably select and analyze only a sample
rhat hasg been amplified and labeled by PCR.
15
EXAMPLES
[0082]
The present invention is explained in detail below
referring to examples. However, these examples do not
20 restrict the technical scope of the present invention.
[0093]
(Example 1) Detection of PCR product using leuceo dye (1)

(i) Synthesis of leuco dye {1}
500 mg of crystal violet was dissolved in water,

25 after which 200 mg of n-propylamine was added and stirred
for 30 minutes. The resulting precipitate was dried to
obtain 450 mg of a leuco dye (1) (1,1-tris(4-N,N-
dimethylaminophenyl)-N-aminopropane} .

[0094]
30 (ii) Preparation of PCR product
The folleowing Primer F: 5’/ ~-GGRAARCAGCTATGACCATGA-3’
and Primer R: 5’ -CTATGCGGCATCAGAGCAG-3’ were designed s0 as
to allow a seqguence of roughly 330 base pairs to be
amplified by PCR amplification using pUCl9 (Takara Bio

35 Inc.) as a template. 15 pmol each of Primer F and Primer R



30 [0102] In Example 2, the color turned blue-violet immediately after addition of the leuco dye in the
case of the positive control with nucleic acid amplification by the 5 LAMP method. In the case of the
negative control with no nucleic acid amplification by the LAMP method, on the other hand, there was
no coloring after addition of the leuco dye; therefore, the presence or absence of nucleic acid
amplification could be easily determined visually. Th& 10 time required for detection with the dye was 1
minute or less. [0103] (Example 3) Detection of multi-stranded nucleic acid using methyl green

15100 41 of a 0.2% methyl green aqueous solution and 50 41 of 2-mercaptoethanol were mixed, and

reacted for EOmidiesat pdorAi{Emperdirfe. PER ffodicts afd L AMP Brédicts Sveré e’ prepared by
the same methodg AstnExanples d-andi 22 410 the liawd naixture psepaedayas:2¢ added to 50 41
each of the gegatiye, confrols-and t%@%ﬁjlt"é%ﬁoﬁq@s 0f the amplitied E_‘H‘&I?}C acighprodugts, and then

the color change was observed. The results are shown in Table 2. [0104] 25[Table 2] Example 3
PCR LAMP Histhb# RucRG¢ acl &mplificaion cycler (Genehmp PCR System
5 (Applied Biosystems Inc.)), heat treated for 5 minutes at

95°C, and then subijected to 35 cycles of 30 seconds at 85°C,
30 seconds at 55°C and 30 seconds at 72°C to amplify the
target sequence of roughly 330 bp as a positive control.
As a negative contreol, a similar reaction was also
10 performed with no ExTag DNA polymerase added.
[CCO95]
{iii) Detection cof PCR product
2 ug of the leuco dye (1) synthesized above was added
to 50 pl of the positive control and of the negative
15 control, and then the color change was cbserved and the
absorbance (A5%0 nm) was measured. The results are shown
in Table 1.
[0096]
(Comparative Example 1)
20 A PCR product was detected by the same methods as in
Example 1, except that gentian vioclet was used instead of
the leuco dye. The results are shown in Table 1.
[0097]
(Example 2) Detection of LAMP product using leuco dye (1)
25 {i) Preparation of LAMP product

A nucleic acid amplification reaction liguid was

prepared by the LAMP method using a “Loopamp (R) Salmonella

Detection XKit” (EIKEN CHEMICAL CO., TTD.). 10 ul of
Control DNA Sal and 40 pl of a master mix (separately

30 prepared by mixing Reaction Mix. Sal and Bst DNA polymerase
at 20:1 by volume) were mixed, reacted for 1 hour at &5°C
and then reacted for 20 minutes at 80°C to prepare a
reaction liguid containing amplified nucleic acid (positive
control). Separately, 10 pl of Control DNA Sal and 40 pl

35 of Reaction Mix. Sal were mixed, reacted for 1 hour at 65°C



..... -I- Absorbance (630nm) 0.013 0.256 0.021 0.338 Visual detection Possible Possible [0105] In the
case of the positive controls with nucleic 31 acid amplification by PCR and LAMP methods, the color

turned blue-green immediately after addition of the liquid mixture of methyl green and

2-mercaptoethanol. In the case of the negative controls with no nucleic acid amplification, 5 on the

other hand, there was no coloring after addition of thé liquid mixture; therefore, the presence or
absence of nucleic acid amplification could be easily determined visually. The time required for

detection with the dye was 1 minute or less. 10[0106] (Example 4) Detection of multi-stranded nucleic
acid using gentianviolettBacteA (2% géntiahnyickes Basol vl it 50%ethansl vitas mixed with an

equal volume & a:6%sodium sulfile agueousib solttien. RCR eaetian liquidssayetliAMP reaction

liquids were 8[%9&{%% Py the same methods as in Examples 1 and 2.
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0098]
{ii) Detecticn of LAMP product
The procedure of Example 1 was followed except that

the LAMP products were used as the test samples. The

raegults are shown in Table 1.
[00S9]
[Table 1]

Example 1 Comparative Example 1 Example 2

PCR PCR LAMP method

Nucflellc a.cld + _ + . +
amplification

Absorbance

(590nm) 0.013 0.456 0.510 0.537 0.024 0.421

Color Colorless |Blue—violet|Blue—violet|Blue-violet| Colorless |Blue—viclet

Visual Possible Not Possible Possible

detection

[0100]
In Examplie 1, the color turned blue-viclet

immediately after addition of the lueco dye in the case of
the positive contrel with nucleic acid amplification by PCR.
In the case of the negative control with no nucleic acid
amplification by PCR, on the other hand, there was no
coloring after addition of the leucoc dye; therefcre, the
presence or absence of nucleic acid amplification could be
easily determined visually. The time required for
detection with the dye was 1 minute or less.
[0101]

In Comparative Example 1, a blue-violet color
appeared regardless of whether there was nucleic acid
amplification, and 1t was difficult to determine the

presence or absence of the nucleic acid.



1 p1 of the liquid mixture prepared was added to 50 I1.J1 each of the negative controls and the positive
controls of the amplified nucleic acid products, and then the color change 20 was observed. The
absorbance was then measured at 590 nm. The results are shown in Table 3. [0107] [Table 3]
Example 4 PCR LAMP method Nucleic acid amplig%ation _ -+ Absorbance (590nm) 0.013 0.389
0.015 0.442 Color Colorless
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(01021

In Example 2, the color turned blue-violet
immediately after addition of the leuco dye in the case of
the positive control with nucleilc acid amplification by the
LAMP method. In the case of the negative control with no
nucleic acid amplification by the LAMP method, on the other
hand, there was no coloring after addition of the leuco
dye; therefore, the presence or absence of nucleic acid
amplification could be easily determined visually. The
time required for detection with the dye was 1 minute or
less.
[0103]

(Example 3) Detection of multi-stranded nucleic acid using

methyl green

100 pl of a 0.2% methyl green agueous solution and 50
pul of 2-mercaptoethancl were mixed, and reacted for 1C
minutes at room temperature. PCR preducts and LAMP
products were then prepared by the same methods as in
Examples 1 and 2. 2 upl of the liguid mixture prepared was
added to 50 pl each of the negative controls and the
positive controls of the amplified nucleic acid products,
and then the color change was observed. The results are
shown in Table 2.

(01043
[Table 2]

Example 3
FPCR L.AMP method

Nucleic acid
amplification

- - —~ +

Absorbance

(630nm) 0.013 0.256 0.021 0.338

Visual
detection

[06105]
In the case of the positive controls with nucleic

Possible Possible




Blue-violet Colorless Blue-violet Visual detection Possible Possible 25[0108] In the case of the
positive controls with nucleic 32 acid amplification by FOR and LAMP methods, the color turned
blue-violet immediately after addition of the liquid mixture. In the case of the negative controls with no
nucleic acid amplification, on the other hand, there ?{\ias no 5 coloring after addition of the liquid
mixture; therefore, the presence or absence of nucleic acid amplification could be easily determined
visually. The time required for detection with the dye was 1 minute or less. [0109] 10(Example 5)

Preparation gf suction:type.deyice, A 2% salution of islsycaya{1) syahesized in Example 1 was

prepared, and a porous polyethylene sheet punched in_a circular shape (pore diameter 50 p.m,

thickness 1.5 WS tidtieter 55 WAS fnprebhdietiwiRir 157F-bF #1785 18 S5okiton® TR fpregnated
product wasrdriedsateroon teaperature ¢embtain acanderceartying. thendye. This caulrier weasspacked in
the tip of a 209 ITd pipgite, iR {Q Prepare Asuchiontype daviee @sshowninrig:3. /01101 20(Example
6) Detegtlono%‘ rT%lI{llg-Sé[Caglggd}{léng ,IC glgxle(ajr\glttlvas no coloring after addition of

the liguid mixture; therefore, the presence or absence of

nucleic acid amplification could be easily determined

visually. The time required for detection with the dye was

1 minute or less. |

10 [0106]

(Example 4) Detection of multi-stranded nucleic acid using

gentian viclet B

A 0.2% gentian violet B solution in 50% ethanol was

mixed with an egual volume of a 6% sodium sulfite agueous
15 solution. PCR reaction liguids and LAMP reaction liquids

were prepared by the same methods as in Examples 1 and 2.

1 pl of the liquid mixture prepared was added to 50 pl each

of the negative contrcls and the positive controls of the

amplified nucleic acid products, and then the color change
20 was observed. The abscrbance was then measured at 530 nm.

The results are shown in Table 3.

[0107]

[Table 3]

Example 4

PCR LAMP method

Nucileic acid
amplification

- + - +

Absorbance

Color Coloriess |Blue—viclet! Coloriess [Blue—violet

Visual

\ Possible Possible
detection

25 [0108]

In the case of the positive controls with nucleic



suction-type device FOR products and LAMP products were prepared by the same methods as in
Examples 1 and 2 to obtain positive and negative controls. The suction-type device prepared in 25
Example 5 was mounted on a micropipette, 100 Ill of each test sample was suctioned, and the color of
the test sample solution inside the pipette tip was o?zserved. The results are shown in Table 4. [0111]
30(Example 7) Preparation of suction-type device Equal volumes of 0.2% gentian violet and 6%
sodium sulfite were mixed, and a porous polyethylene sheet punched in a circular shape (pore
diameter 0 1L dhigkess-E o mL.diamelfd. 2 1unt Mas Impregnaled Wik toedoof this liquid 35
mixture. The impregnated proauct was dried at room 33 temperature to obtain a carrier carrying the
dye. This cafferfas Patiesd’ihthe tip Bree 966 ba pipétie-fif tépreparé a Suctibhlype dBvide as
shown in Figai¥ {@¥E2] S5(Exaraple 8xBetecfioniot mdtrstranded nutleiclacid With saction-type device
PCR producfs.and LAMP. produgcts were prepared by the sagiemethodsas infexamples hand 2 to

obtain positive and negative controls. The suction-type device prepared in 1 Exan%ole 7 was mounted

on a micropipette X 169 jtPdFeRch8t-samplehas Sictiordd- AndH R BofoF of thie" test E&mple solution
inside the pipétte tipavasoisservedErasuits argshewn in TaBlen b1 f3FEs[Tablec4 Example 6
Example 8 pe easily determined visually. The time required for

detection with the dye was 1 minute or less.

[0109]

10 (Example 5) Preparation of sucticon-type device

A 0.2% solution of the leuco dye (1) synthesized in
Example 1 was prepared, and a porous polyethylene sheet
punched in a circular shape (pore diameter 50 um, thickness
1.5 mm, diameter 1.5 mm) was impregnated with 1 pl of this
15  solution. The impregnated product was dried at room
temperature to obtain a carrier carrying the dye. This
carrier was packed in the tip of a 200 pl pipette tip to
prepare a suction-type device as shown in Fig. 3.
(01101}
20 (Example 6} Detection of nulti-stranded nucleic acid with

suction~type device

PCR products and LAMP products were prepared by the
same methods as in Examples 1 and 2 to obtain positive and
negative controls. The suction-type device prepared in

25 Example 5 was mounted on a micropipette, 100 pl of each
test sample was sucticned, and the cclor of the test sample
solution inside the pipette tip was chserved. The results
are shown in Table 4.

[0111]
30 (Example 7) Preparation of suction-type device

Eqgual volumes of 0.2% gentian violet and 6% sodium
sulfite were mixed, and a porous polyethylene sheet punched
in a circular shape (pore diameter 50 pm, thickness 1.5 mm,
diameter 1.5 mm) was impregnated with 1 pl of this liquid
35 mixture. The impregnated product was dried at room



PCR LAMP method PCR LAMP method Nucleic acid amplification _

_ Color Colorless

Blue-violet Colorless Blue-violet Colorless Blue-violet Colorless Blue-violet
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33
temperature to obtain a carrier carrying the dye. This
carrier was packed in the tip of a 200 pl pipette tip to
prepare & suctilon-type device as shown in Fig. 3.
[0112]

(Example 8) Detection of multi-stranded nucleic acid with

suction~type device

PCR products and LAMP products were prepared by the
same methods as in Examples 1 and 2 to obtain pesitive and
The suction-type device prepared in
100 pl of each
and the color of the test sample

negative controls.
Example 7 was mounted on a micropipette,
test sample was suctioned,
solution inside the pipette tip was observed. The results
are shown in Table 4.

[0113]

[Table 4]

Example 8 Example 8

PCR LAMP method PCR

LAMP method

Nucleic acid
e e
amplification

+

Color Colorless {Blus—violet] Colorless |Blue—violet] Colorless |Blue~violet| Colorless

Blus—violet

Visual
detection

Paossible Possible Possible Possible

(0114]

In Example 6, the test sample sclution inside the tip
exhibited a blue-violet color when there was nucleic acid
amplification by PCR and LAMP methods, whereas 1t was
colorless and transparent when no amplified nucleic acid
was present. The time reguired for detecting the amplified
nucleic acid by the suction-type device was only a few
seconds; therefore, rapid and simple visual determination
was possible.

[0115]

In Example 8 as well, the test sample solution inside

the tip exhibited a blue-violet color when there was

nucleic acid amplification by PCR and LAMP methods, whereas




Visual detection Possible Possible Possible Possible [0114] In Example 6, the test sample
solution inside the tip exhibited a blue-violet color when there was nucleic acid 20 amplification by
PCR and LAMP methods, whereas it was colorless and transparent when no amplified nucleic acid
was present. The time required for detecting the amplified nucleic acid by the suction-type device was
only a few seconds; therefore, rapid and simple visual determination 25was possible. [0115] In
Example 8 as well, the test sample solution inside the tip exhibited a blue-violet color when there was
nucleic acid gmplificatien by PCR and L AMB:etheds - Whgteasn 34 dwas ealedess, and tiansparent
when no amglifi%d nucleic acid was prfﬁ%ntﬁ The time 1rlel%ugrgdff((gg:d%tee;_:'([%ir&g ;cLhe araplified nucleic acid
by the suctiongfypewoaes\/ic?er\?vﬁg%nry a Tew sejéénr?dé?ﬁere ore, rapid and smpl%%isuéﬁ 5 determination
was possiblénpli6]i(Ekampte 9} vesiigatioh bhedtnidnt RirgYEForddSeiipdaCofdting of PCR
products wag pesfermeddydbe samaefore, rapid and simple visual

5 determination was possible.

[0116]

(Example 9) Investigation of treatment using colcored sample

Coloring of PCR products was performed by the same
methods as in Examples 1 and 3, and the colored samples
10 were subjected to electrophoresis, PCR, restriction enzyme
treatment and a sequencing reaction. As a result, the
coloring of nucleic acid according to the present invention
had no effect on the subsequent treatments, which were

accomplished well in all cases.

15
REFERENCE SITIGNS LIST
[0117]
1. Carrier carrying leuco dye that forms color by
contact with multi-stranded nucleic acid
20 2. Sample addition part {fiberglass filter paper)
3. Determination part (filter paper)
4, Substrate
5. Supporting body supporting carrier
6. Test sample container
25 7. Pipette tip
8. Chip with channel
9. Sample addition part
10. Channel
11. Dye
30 12, Needle-shaped structure
13. Tube
14, Determination part



methods as in Examples 1 and 3, and the colored samples 10 were subjected to electrophoresis,
PCR, restriction enzyme treatment and a sequencing reaction. As a result, the coloring of nucleic acid
according to the present invention had no effect on the subsequent treatments, which were
accomplished well in all cases. 15 REFERENCE S]GNS LIST [0117] 1.Carrier carrying leuco dye that
forms color by contact with multi-stranded nucleic acid 202.Sample addition part (fiberglass filter
paper) 3. Determination part (filter paper) 4. Substrate 5. Supporting body supporting carrier 6. Test
sample container 257.Pipette tip 8. Chip with Ch%ﬁ'ﬂﬁlw% Sample addition part 10. Channel 11. Dye
3012.Needle-shaped structure 13. Tube 14. Determination part

Claim 1. A method for detecting a muiti-stranded
nucleic acid, comprising a step of bringing a chromecgenic
5 leuco dye into contact with a multi~stranded nucleic acid,
wherein a color formed by interaction between the leuco dye
and the multi~stranded nucleic acid is detected under

vigible light.

10 Claim 2. The detection method according to Claim 1,
wherein the leuco dye is a compound represented by General

Formula (I):

R’I
L (1)
R RS

wherein RY, R? and R® each independently represent a

15 substituted or unsubstituted aryl group, and L represents -
SOsR*, -NO3, -NO,, -CN, -X, -NHR®, -N(COr®) (cOor”), -sr®, -ssr?,
~-OR', -NHSNH., -OH or -H, with R® representing an alkali
metal or a hydrogen atom; X representing z halogen atom;
and R®, R%, R’, R%, R? and R each independently

20 representing an alkyl group, aryl group, acyl group,
alkenvyl group or alkynyl group, and

wherein a leaving group ¢f the leuco dye is

disscciated by interaction between the leucc dye and the
multi-stranded nucleic acid, and a coler that can be

25 detected under visible l1ight is then formed by dissociation

of the leaving group.

Claim 3. The detection method according to Claim 2,
wherein the compound represented by General Formula (I} is

30 a compound represented by General Formula (II):



35 CLAIMS Claim 1. A method for detecting a multi-stranded nucleic acid, comprising a step of
bringing a chromogenic 5 leuco dye into contact with a multi-stranded nucleic acid, wherein a color
formed by interaction between the leuco dye and the multi-stranded nucleic acid is detected under
visible light. 10Claim 2. The detection method according to Claim 1, wherein the leuco dye is a
compound represented by General Formula (I): R13(f) R2 R3 wherein 121, R2 and R3 each
independently represent a 15 substituted or unsubstituted aryl group, and L represents - SO3R4, -NO3,
-NO2, -CN, -X, -NHR5, -N (COR6) (COR7) , -SR8, -SSR9, -NHSNH2, -OH or -H, with R4
representing an alkalRhétal or a hydrogen atom; X representing a halogen atom; and R5, R6, R7, R8,
R9 and RI egch indep ndenrg]go representing an alkyl group, aryl group, acyl group, alkenyl group or
alkynyl group,*ang : in a leaving group of the leuco dye is dissociated by interaction between
the leuco dye and ti-stranded nEfITif acid, and a color that can be 25 detected under visible
light is then forg dissociation of the leaving group. Claim 3. The detection method
according to Biaim 2,1 hereﬁéﬁﬁz compound represented by General Formula () is 30 a compound
represented by Genenal-Hormula (11): R17 R11 R12 wherein L is' defined as above; R11 and
R12 each indepﬂdi’éntly[@'ﬁ@resent a substituted or unsubstituted aryl group; and Ru, R14, R15, R26
and Rfl each independently 5 represent a halogen atom,r a carbexyl group, sulfo group, nitro group,
cyano group” 3fidd group: %n?iﬁsjd?ggp,aaﬁkﬁ%?gﬁﬁ, é?’y? g‘?&f%,%lieﬁ%fsé‘roup, alkynyl group, hydroxy
group, alkoxy e ratyloky groep rekgthio group; apyithic: groupy alkykikiad grods caryidino group,
acyl group; and RY, RY, RY®, R and R'" each independently

5 represent a halogen atom or a carbexyl group, sulfo group,
nitro group, cyano group, amido group, amino group, alkyl
group, aryl group, alkenyl group, alkynyl group, hydroxy
group, alkoxy group, aryloxy group, alkylthio group,
arylthio group, alkylaminc group, arylamino group, acyl

10 group, alkoxycarbonyl group, aryloxycarbonyl group,
alkylsulfonyl group or arylsulfoenyl group.

Claim 4. The detection method according to any of
Claims 1 tc 3, wherein the leuco dye is a reaction product

15  of a triarylmethane dye and a nucleophile.

Claim 5. The detection method according to Claim 4,
wherein the triarylmethane dye is one or more dyes selected
from the group consisting of gentian viclet, crystal viclet,

20 methyl green, malachite green, victoria blue and

pararosaniline, and derivatives thereof.

Claim 6. The detection method according to Claim 4 or
5, wherein the nucleophile is one or more nucleophiles
25 selected from the group consisting of sulfite ions,
hydrogen sulfite ions, nitrate ions, nitrite ions, cyanide
ions, halide ions, nitrogen nucleophiles, sulfur
nucleophiles, alkali metal alkoxides, alkali metal

hydroxides and hydride nuclecphiles.



10 group, alkoxycarbonyl group, aryloxycarbonyl group, alkylsulfonyl group or arylsulfonyl group.
Claim 4. The detection method according to any of Claims 1 to 3, wherein the leuco dye is a reaction
product 15 of a triarylmethane dye and a nucleophile. Claim 5. The detection method according to
Claim 4, wherein the triarylmethane dye is one or né e dyes selected from the group consisting of
gentian violet, crystal violet, 20 methyl green, malachite green, victoria blue and pararosaniline, and
derivatives thereof. Claim 6. The detection method according to Claim 4 or 5, wherein the
nucleophile is one or more nucleophiles 25 selected from the group consisting of sulfite ions, hydrogen
sulfite ions, nitrate ions, nitrite ions, cyanide ions, halide ions, nitrogen nucleophiles, sulfur
nucleophiles, alkali métatalkbxidesS aikafi$nétal Fydrokites &b i@ fuchbphties. 37 Claim 7.
A device or kit forrdetettinged miulti-stradded nugleicsacid,:comprising: (d) a carrier carrying a leuco
dye; 5(e) a pathway fo[a test sample-1o.pass, thrgugh the,carrigr(d); and (f) a part for detecting

under visible light a colgr formed by interaction bétween the1test sample and the leuco %ye to
determine the presen&e of-aFAUit&trandel riucksie 1086° 1€ ERaiftf8 STIE G8%ER of Kt according to
Claim 7, whereirr therlelco dyerista compound represented by General Formula (I): R1  wherein R1,

R2 and R9 each indegendentlyrepresentasubstituted,anunsupstityied aryl greup, anh b represents -
SO3R4, NO3, MO, N, X, NS, NICORS) (CORY). SRO. -SSR 0222, NHSNHZ, -OH or
-H, with R4 representing an alkali 20 metal or 4 hydrogen atom: X represeriting a Halogen atom; and

R5, R9, R7, R RPafi@ 121eaeh iRdepsHanlly $epreseatifty alh all§F §roue @ryltfféas Cacyl group,
alkenyl groupr alkynyl group, and EEE

Claim 8. The device or kit according to Claim 7,
wherein the leuco dye is a compound represented by General

Formula (I):

R1
L (1)
R?Z" "R3

wherein R', R? and R’ each independently represent a

15

substituted or unsubstituted aryvl group, and L represents -
SO;R%, -NO;, -NOz, -CN, ~-X, -NHR®, -N(COR®) (COR’), -SR®, -SSR’
—-OR*®, -NHSNH,, -OH or -H, with Rq-representing an alkali

20 metal or a hydrogen atom}LX representing a halogen atom;
and R°, R%, R’, R®, RY and R*® each independently
representing an alkyl group, aryl group, acyl group,
alkenyl group or alkynyl group, and

wherein a leaving group of the leuco dye is

25 dissociated by interaction between the leuco dye and the
multi-stranded nucleic acid, and a color that can be
detected under visible light is then formed by dissocilation

of the leaving group.

30 Claim 9. The device or kit according to Claim 7 or B,

wherein the carrier (d) carries a liquid mixture of a



wherein a leaving group of the leuco dye is 25 dissociated by interaction between the leuco dye and
" the multi-stranded nucleic acid, and a color that can be detected under visible light is then formed by
dissociation of the leaving group. 38 triarylmethane dye and a nucleophile. Claim 10. The device
or kit according to Claim 9, wherein the triarylmethane dye is one or more dyes selected 5 from the
group consisting of gentian violet, crystal violet, me%ﬁyl green, malachite green, victoria blue and
pararosaniline, and derivatives thereof. Claim 11. The device or kit according to Claim 9 or 10 10,
wherein the nucleo Ezitll%%}%nee o{rjmeor.erglgclaeolggg%s 8%5%?% from the group consisting of sulfite ions,

hydrogen sut-ff’ftéalor S, nitr epl‘ons,ynltrl?e ions, cyanlge alide ions, nitrogen nucleophiles, sulfur

nucleophiles, alkali metal alkoxides, alkali metal 15 hydroxides and hydride nucleophiles.
Claim 10. The device or kit according to Claim 9,

wherein the triarylmethane dye 1s cne or more dyes selected
5 from the group consisting of gentian violet, crystal violet,
methyl green, malachite green, victoria blue and

pararcsaniline, and derivatives thereof.

Claim 11. The device or kit according to Claim 9 or
10 10, wherein the nucleophile is one or more nucleophiles
selected from the group consisting of sulfite ions,
hydrogen sulfite ions, nitrate ions, nitrite ions, cyanide
ions, halide ions, nitrogen nucleophiles, sulfur
nucleophiles, alkali metal alkoxides, alkali metal

15 hydroxides and hydride nuclecophiles.



