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BACKGROUND OF THE INVENTION
Technical Field

15 The present invention relates to a method of amplifying a nucleic acid

sequence that is useful in the field of genetic engineering. More particularly,
the present invention relates to a method of amplifying a nucleic acid
sequence that utilizes a strand displacement reaction, and a mutation
detection method using the same.

20
Background Art

In the field of genetic engineering, an assay based on the
complementation of nucleic acid sequences is known as a method that allows
genetic features to be analyzed directly. In such an assay, when a target

25  (aimed) gene is present only in a small amount in a sample, the detection
thereof generally is not easy. It therefore is necessary to amplify the target
gene itself beforehand.

The amplification of the target gene (nucleic acid amplification)
mainly is carried out by an enzymatic method with the use of DNA

30 polymerase. Major examples of such an enzymatic method include the



4,683, 202, and 4, 800, 159) and the reverse transcription PCR nmethod (RT-PCR
nmet hod; Trends in Biotechnol ogy 10, pp 146-152, 1992) that is a

conbi nati on of the PCR nethod and a reverse transcriptase reaction. These 5
nmet hods all ow a target gene derived fromMiDNA or RNA to be anplified by
repeating a reaction that consists of three steps. The three steps include:
t he di ssociation (denaturation) of a double-stranded nucleic acid into a
singl e-stranded nucleic acid to serve as a tenplate; the annealing of a
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(TMA) nethod; the Q beta 30 replicase nethod described i n Japanese Patent
No. 2710159; var FowshémairepEREIRIEDS Adidvbakesdhs tigabedham téa8tioBat . No.
5, 824, 517, mvf\slt);gg(/i ?E%%llﬁlethod). In this method, a known gene sequence is amplified
15 by conducting a two-step temperature cycling reaction (a heating-cooling
repeated reaction) using a thermostable DNA ligase.
However, the methods described above require the use of an
expensive thermal cycler that can control temperature strictly over time in a
wide range of temperatures. Since the above-mentioned reactions are
20  conducted under two to three temperature conditions, time is required to
make an adjustment to each reaction temperature. Hence, the time
required for the adjustment increases as the number of ¢ycles increases.
In order to solve the above-mentioned problems, nucleic acid
amplification methods have been developed that can be carried out
25  isothermally. Examples of such methods include: the strand displacement
amplification (SDA) method described in JP7(1995)-114718B; the
self-sustained sequence replication (3SR) method; the nucleic acid sequence
based amplification (NASBA) method described in Japanese Patent No.
2650159; the transcription-mediated amplification (TMA) method; the Q-beta

30  replicase method described in Japanese Patent No. 2710159; various



and WO 95/ 25180; the | oop-nedi ated isothermal anplification (LAMP) nethod
descri bed in W00/ 28082; and the isothermal and chinmeric prinmer-initiated
anplification of nucleic acids (I CAN et hod) described in 5 W02/ 16639. The
reactions in all the steps involved in the isothermal nucleic acid
anplification nethods described above proceed sinultaneously in a reaction
m xture maintained at a constant tenperature. In the SDA nethod, a target
nucleic acid (and a conplenentary strand thereto) in a sanple can be
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modified deoxynucleotide triphosphate as a substrate for nucleic acid

15  synthesis. The modified deoxynucleotide triphosphate is, for instance, a
deoxynucleotide triphosphate in which the oxygen atom of the phosphate
group located at the alpha position of the triphosphate moiety has been
substituted by a sulfur atom (S). Accordingly, this method requires high
running cost. Moreover, in this method, the amplified nucleic acid fragment

20  contains a modified nucleotide such as an alpha-S-displaced deoxynucleotide.
Hence, for example, when the amplified fragment is subjected to a restriction
enzyme fragment length polymorphism (RFLP) assay, the amplified fragment
cannot be cleaved by a restriction enzyme and thus such an assay cannot be
conducted in some cases.

25 The improved SDA method described in U.S. Pat. No. 5,824,517
requires a chimeric primer that is composed of RNA and DNA, with the DNA
being located on the 3’ end side. Such a chimeric primer that is composed of
RNA and DNA is difficult to synthesize. Furthermore, in order to handle a

primer containing RNA, professional skills are required. Furthermore, the

30 improved SDA method described in W0O99/09211 requires a restriction



met hod described in W95/25180 requires at |least two pairs of prinmers.
Hence, these nethods require high running cost. In the ICAN nethod, it is
necessary to use a chineric priner as well 5 as an RNaseH The chineric
primer is conposed of RNA and DNA, with4he RNA being located on the 3
end side. The RNaseH cl eaves the RNA noiety |ocated at the 3' end of the
primer. Accordingly, an increased nunber of reagents are used and | onger
processing time also is necessary. Thus the |CAN nmethod is not suitable
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strand due to the strand displacement reaction caused by a second primer
15  designed upstream from the first primer, At this time, a stem-loop structure
is formed in the 5’ end portion of the extended strand due to the structure of
the first-primer extension product that has been removed. Similar reactions
occur in the other strand of the double-stranded nucleic acid or on the 3’ end
side of the first-primer extension product that has been removed. These
20  reactions are repeated and thereby the target nucleic acid is amplified.
Hence, in the LAMP method, the action mechanism of the amplification
reaction is complicated and furthermore, six regions must be selected. This
makes it difficult to design the primers. Moreover, two of the four primers
are required to be relatively long chain primers. Accordingly, the synthesis
25  and purification of the primers are complicated and reagents are difficult to
prepare.
There is a need for a nucleic acid amplification method that can be
carried out at lower running cost and that allows a nucleic acid fragment
obtained thereby further to be used for genetic engineering treatments.

30  Particularly, an isothermal nucleic acid amplification method is desired that



When a single nucleotide nmutation that is present in a target nucleic acid
is to be detected using such an anplification nethod as descri bed above,
vari ous problens have arisen. For instance, in the nmutation detection by 5
t he PCR-SSP nmet hod based on the PCR metWod, a primer is used that has a
nucl eoti de associated with a nutation at the 3' end, and the nutation is
det ect ed dependi ng on the presence or absence of an anplification product.
In an anplification reaction caused by such a primer, however, even when
otide Iocated at the
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15  sample but a copy of the primer sequence. Accordingly, even if the
complementary strand synthesis of a wrong region occurs only once, the
wrong region is amplified one after another. Hence, amplification products
other than those intended to be obtained are produced readily. Thus, it is
difficult to detect a single nucleotide mutation correctly.

20 Furthermore, in the PCR-SSO method, a probe DNA that can
hybridize to a region containing a mutated site is brought into contact with a
target amplification product obtained through amplification performed by the
PCR method. Then it is observed whether hybridization occurs or not and
thereby the presence or absence of a mutation in the target amplification

25  product is determined. In this method, however, beside the longer
hybridization reaction time, problem is a specificity. For example,
nonspecific hybridization may take place depending on the stringency of the
reaction solution. Thus it is not easy to check the mutation of a single base
accurately.

30 Another mutation detection UCAN method is based on ICAN method



associated wwth a mutation in a RNA portion. The DNA | ocated at the 3' end
of this chineric prinmer has been nodified chemcally so that no extension
reaction occurs therefrom In the case vgmre an anplification reaction is 5
conducted in a reaction solution containing such a chinmeric prinmer and
RNaseH, the RNaseH cl eaves the RNA portion only when the sequence of the
chinmeric prinmer and that of the tenplate match conpletely with each other.
In that case, an extension reaction starts fromthe 3' end of a newy
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15  performed through specific hybridization to two regions of a template as in
the conventional PCR method. Hence, there is a problem in the specificity.
Accordingly, after the amplification, it is necessary further to check whether
the amplification product obtained is a target one. Thus it takes a long time
until the examination results are obtained. In addition, the syntheses of the

20  modified primer, the chimeric primer, ete. are complicated.

In the LAMP method, at least four primers are necessary.
Accordingly, for example, a primer dimer tends to be produced.
Furthermore, since six specific regions are necessary, the primers are very
difficult to design. Hence, it takes a long time to study the conditions that

25 improve the specificity of nucleic acid amplification, for example. Moreover,
in the mutation detection that is performed by the LAMP method described
in WO01/034838, a mutation is recognized at the 3’ end of a dumbbell
structure that is an amplification product produced during the amplification.
In this method, it is considered that when a mutation exists at the 3’ end of

30  the dumbbell structure, the extension reaction stops occurring therefrom,



case of the PCR-SSP nethod, a m smatch of one base |ocated at the 3' end
does not always stop the extension reaction. Even when no anplification
occurs fromthe 3' end of the dunbbell s%ructure, the anplification product
5 itself already has fornmed a dunbbell structure. Accordingly, a stemloop
structure of itself has been forned, and therefore the priner anneals to
the |oop structure portion. Thus the extension reaction that occurs from
the 3 end of the primer always is conducted. It therefore is very
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MRNA and genoni ¢ DNA can serve as tenplates. Hence, anplification occurs
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analyzing a target gene easily, quickly, and accurately, for instance, a
15  technique for specifically detecting a gene marker or mRNA that is expressed
specifically to cancer cells, etc.
When mRNA is to be detected that has been expressed specifically to
only a specific cell type, such as a cancer cell, a nucleic acid sample that
commonly is used includes not only target mRNA but also genomic DNA
20  intermingled therein. The nucleotide sequence of mRNA is one obtained by
removing sequences of some intron portions from the nucleotide sequence of
genomic DNA. One intron generally has a strand length of several bases to
several hundreds of bases. When using such a nucleic acid sample as a
template and a primer like the one that is used in the PCR method, both
25 ~mRNA and genomic DNA can serve as templates. Hence, amplification
occurs from both templates. Even when the primer is designed so as to
allow mRNA to be amplified specifically, amplification generally occurs not
only from mRNA but also from genomic DNA in a nucleic acid sample
containing genomic DNA intermingled therein, since the sequence of mRNA

30  is a part of the sequence of genomic DNA. Accordingly, mRNA cannot be



anplify such nRNA accurately and quantitate nmRNA present in the sanple.
Moreover, in the case of anplifying a target nucleic acid in which an
insertion or deletion of several basesd%o several hundreds of bases exists
and then 5 determ ning the presence or sence of the anplification product
thereof, it is wvery difficult to recognize a small difference in size when
the band of a target anplification product is checked by the
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sequence ( Bjigdib@lre ¥ IRRERE0HL ON the 5 side with respect to the sequence
(A) in 30 the target nucleic acid sequence. A second priner included in the
primer set 9 cofiheimesenninveat@'s lend foantdicart, the feBowenge T ishat a

hybri di zes to a_sequence. (O located in the 3 end portion of a

conpl enent m%ﬁhQQﬁéﬁH&fﬁ’bﬂ& ﬂélcharlggled ufilizing a strand displacement reaction,

15  when a primer that allows a stem-loop to be formed only when the target

nucleic acid is amplified is designed to satisfy particular conditions and then
this primer and a primer having a folded sequence in its 5" end portion are
used in combination, the target nucleic acid can be amplified specifically and
efficiently.

20 The present invention therefore is intended to provide a primer set
that allows a target nucleic acid to be amplified specifically and efficiently,
and a method of amplifying a nucleic acid using the same.

A primer set according to the present invention includes at least two
primers that allow a target nucleic acid sequence to be amplified. A first

2b  primer included in the primer set contains, in its 3’ end portion, a sequence
(AC’) that hybridizes to a sequence (A) located in the 3’ end portion of the
target nucleic acid sequence, and also contains, on the 5 side of the sequence
(Ac), a sequence (B} that hybridizes to a complementary sequence (Bc) to a
sequence (B) that is present on the 5 side with respect to the sequence (A) in

30 the target nucleic acid sequence. A second primer included in the primer set



nucl ei ¢ acid sequence, and al so contains, on the 5 side of the sequence
(CO, a folded sequence (D-Dc') that contains, on the sanme strand, two
nucleic acid 5 sequences that hybridize to each other. Furthernore, a
nucleic acid anplification nmethod of thé9present invention is a method of
anplifying a target nucleic acid sequence contained in a tenplate nucleic
acid. The nethod includes: (a) preparing a tenplate nucleic acid
containing a target nucleic acid sequence; (b) preparing a prinmer 10 set

ding t t ] i on: f Or 1] | ej id
St 1 oot 1ontERLECRE B AdUEMAE K AN EXCRT IR BBl IS R Al
the prinmernCsddcatédd ek BBHDpsRPELS ehinpldHeRtdr9Reqiehd GethdWsehei ¢ acid

can be synthesized continuous|y under an isothermal condition, wth DNA or
RNA 15 beitlels adidazequengensad alsorontainst pie the bheide oéthanejudreer (el ei ¢
acid anplifigcation nethgd. Usi t he same according to fhe present invention
require neif?]ﬁigid SCREERH ﬁggﬁirtﬁﬁ%gt@ﬂ@horé@‘%sﬁq‘f@ ﬁ%n‘t)m’loe‘wcﬁ%lf’atc time
for tegpesatidésccidthus WBRize 1Y S an anplification product to be
obt ai ned ir?g shorter tl%rre. IZI?urt‘%ier rrél')t(rPl\eé’§ the prinmer set of the present 20
invention all ows Bunthedreiie, aciutléio deed amylifidacidnhingtiiod sl griecahd v.
Accordingly, the use of this nmakes it possible to determ ne, by detecting
anpl i fi cat POYEHIYYICR dethpd of prpdHy g n targas ucleie agidwragtensa chntaingéne,
particul arl inal cl eoki de,.mut aki on, the presence .or apse of a
del eti on o#ﬂi’ant%er llagen&é g}f %Cg%'ueﬁ_gg IPathé’%p%ch‘ﬁeﬁl Q?ﬁpﬁﬁe?’&f’éaa‘% n]g?g‘ayence,
etc. 25 FUntRRAIORER, conbfinkheaaRtgdtVEEIbR i 8YGud fien th) e ph iRl Phlignding.
That is, in a mutation detection nmethod that utilizes a nucleic acid

anpl i f1Q¢at sefhagasadingoie the ryeseurinyembion; ant Her pratféryming mgualenuatidi ¢ aci d

reagent that ses a msnmatch,with a te ate dependi ng. on either the
presence o?Bgﬁaﬁ%g@nﬁeaﬁaﬂﬁﬁﬁtthﬁﬁlP?ﬁﬁ%&%@ﬁﬁ?@@i&%ﬁ%ﬂ%&ﬁ usH}g e 30
det ect ed [EndcsHrately by performng the nucleic acid anplification 10

reaction in the presence of a substance having m smatch recognition
ability. Thus a decamingspeied pedsehlhencentienta tdigenhueRiPsedi@ashé nmet hod of

synthesized continuously under an isothermal condition, with DNA or RNA

15 being used as a template. Hence, the primer set and the nucleic acid
amplification method using the same according to the present invention
require neither special apparatuses such as a thermal cycler nor the time for
temperature adjustment. This allows an amplification product to be
obtained in a shorter time. Furthermore, the primer set of the present

20  invention allows a nucleic acid to be amplified highly specifically.
Accordingly, the use of this makes it possible to determine, by detecting
amplification products, the presence or absence of a mutation in a gene,
particularly, a single nucleotide mutation, the presence or absence of a
deletion or insertion of a sequence in a particular nucleic acid sequence, etc.

25 Furthermore, the present inventors have found out the following.
That is, in a mutation detection method that utilizes a nucleic acid
amplification reaction to be performed isothermally using a nucleic acid
reagent that causes a mismatch with a template depending on either the
presence or absence of a mutation in the template, a mutation can be

30  detected more accurately by performing the nucleic acid amplification



determ ning the presence or absence of a nmutation in a nucleic acid
sequence contained in a nucleic acid sanple by isothermally performng a
nucleic acid 5 anplification reaction using a nucleic acid reagent that
causes a mismatch with a tenplate depenkﬂ ng on either the presence or
absence of a nutation in the tenplate, in the presence of a substance
having m smatch recognition ability such as a m smatch bi nding protein. 10
Brief Description of Drawings FIG 1 is a diagramthat schenmatically shows

(e 2ot o0 RSP oo €Al QTR RN DR BR MG .

conducted using a f1iIr primer- "acc \

shows an exanpl e Tfust 4)Se ®IdULSPEEE 0 PEhAHPERD th RNt prob RIACE Alcdhd@of O the
present invention. FIG 3a schematically shows the action nechani smof a

nucl ei ¢ acidg¢terampiing itlhapiresence ar tabsantoofe nocadiootiad: neilei: 24id stgnetcepr i mer
and the second. L. mer accordi to,the.present_inveptiaon. FIG, 3b .
schemat i cal‘“‘P’j}g’s}H%év%“ PHHCIRIC A6 %%@H%Fgﬁ% eypally periarmigg gnudgic acid
anplifigati E8aGld - . USi fii i . e
second gpr ia%kgl accg:lr [ rglitg@it0 g%ﬁgggﬁégﬁcﬁwgﬁé&gﬁ.théfé@%sg%nv}gﬁtq ﬁéem

| ocat i ons, wath a thmmateSIépdadoag ongdtiear thle greksiice @ngbeace vd apnutaich itsed
for anpli f¥i ng the gene. FIG 5 is_a diagramshowi ng results of the
anpl i fi cat Fonteppiate, nuthepressngref mysbstange havimgmipmatele reeRiidousi ng a

primer set _inegl udi the first ri.ner and the second primer. FIG 6 is a
di agr am shg\l/)\nﬂ#é’ Srucgggafst%n%ﬁ’fnéj‘l%%a?%‘%}ngrpggpqlﬂg an anplification product with

a restriction endonucl ease after the anplification of the human STS DYS237
gene that was performed using the primer set 30 including the first priner

and t hi0 seBoied Dascrmptionldf DFivdingg is a diagramillustrating the influence
ST DVS237 geneliiial 1" HAeTat A CSTAEP e 5 HGTS Gia A5 GRACHATRR 111 5t
primer andf D&y leic acid amplification reaction to be conducted using a first primer
according to the present invention.

FIG. 2 shows an example of the structure of a second primer
15  according to the present invention.

FIG. 3a schematically shows the action mechanism of a nucleic acid
amplification reaction to be conducted using the first primer and the second
primer according to the present invention.

FIG. 3b schematically shows the action mechanism of the nucleic acid

20  amplification reaction to be conducted using the first primer and the second
primer according to the present invention.

FIG. 4 shows the locations, on a human STS DYS237 gene, of first
and second primers used for amplifying the gene.

FIG. 5 is a diagram showing results of the amplification of the human

256  STS DYS237 gene that was performed using a primer set including the first
primer and the second primer.

FIG. 6 is a diagram showing results obtained by treating an
amplification product with a restriction endonuclease after the amplification

of the human STS DYS237 gene that was performed using the primer set

30  including the first primer and the second primer.



second priner. 5 FIG 8 shows a sequence containing a single nucleotide
mut ati on and sequences that are free fromit, which were produced with
respect to a specific region of the hugﬁg STS DYS237 gene. FIG 9 is a

di agram showi ng results of the detection“-of a single nucleotide nutation
that was perfornmed using the priner set including first 10 priners and
second priners, with respect to a specific region of the human STS DYS237
gene. FIG 10 shows the | ocations, on the human STS DYS237 gene, of the

first primer, th : ' . il ' nplifying the
gene. 15 FIG 11?@?:%%2@%%%%5&%%ﬁff@%@@ﬁ?%&p’#ﬁh ation of the
human STS B¥ERRragasend hstinyageneshehsathpleficag@ion ¢ thetiuseh STEDYEIRY the
first primer, the second prinmer, and the third prinmers. FIG 12 is a

di agr am i | 1868ethel Hopemermed usie thoprimes seépmtinding deniesitnrimpoandithene
anplificat isggo OC{Ht-he human STS DYS237 gene that was 20 perfornmed using a

primer set Tnclu Mg t he first primer, the second priner, and a third

prinmer.5FI G 13 Hiows difievd #%8bLoR% eo%f@aﬁﬁﬂg'mn@'e%&l&%fe dﬂtaﬁ@ﬁﬁ] ive

prinmers included in a prinmer set used for detecting a nutation In e above
ment i oned geqeen@s thhGard frestoowm ity @hivh whmt pradhlicedtwath espefet et of Mut S on

the detection,.of a si e nucl eqt | tation in the human ALDH2 gene t hat
was carri SBeGHE f%%l%t&%%i%%ﬂéﬁ%@%@%d eic acid anplification
reaction. FIG 1 h i h pP2C19* n of
respective pri m?géﬁ ?\(l:\?su%gga é*%@%‘?ﬁ%% %;Se tsumgf%%e%é%%gf? %lglgzé mut at i on

in 30 then&bﬁ%ﬁd@ﬁﬂttmt@@mﬁas%@rf&ﬁ@d dding BRYS r3hePsst inbRIdihpdirept e the
effect of MutS on the detection of a single nucleotide nmutation in the

human yp2ermaasgniesedontd primersavithagspeat thya specificiagion héthebuvemmal
nucl ei ¢ acsq,saﬁq%.gz%cgaetni‘fn

FIG. 10 shows the locations, on the human STS DYS237 gene, of the
first primer, the second primer, and third primers used for amplifying the
gene,

15 FIG. 11 is a diagram showing results of the amplification of the
human STS DYS237 gene that was performed using a primer set including
the first primer, the second primer, and the third primers.

FIG. 12 is a diagram illustrating the influence of the template
concentration on the amplification of the human STS DYS237 gene that was

20 performed using a primer set including the first primer, the second primer,
and a third primer.

FIG. 13 shows the locations, on a human ALDH2 gene, of respective
primers included in a primer set used for detecting a mutation in the
above-mentioned gene.

25 FIG. 14 shows graphs that indicate the effect of MutS on the
detection of a single nucleotide mutation in the human ALDH2 gene that was
carried out by utilizing the isothermal nucleic acid amplification reaction.

FIG. 15 shows the locations, on a human CYP2C19*3 gene, of
respective primers included in a primer set used for detecting a mutation in

30  the above-mentioned gene.



reaction. 5 Description of the Invention The prinmer set of the present
invention includes at |least two priners that allow a target nucleic acid
sequence to be anplified. A first primer included in the priner set
contains, inits 3 end portion, a sequéﬁce (Ac') that 10 hybridizes to a
sequence (A) located in the 3" end portion of the target nucleic acid
sequence, and also contains, on the 5 side of the sequence (Ac'), a
sequence (B') that hybridizes to a conplenentary sequence (Be) to a
sequence (B) th | S present om the 5 .side.wth re cle 1O, he sequence
(A in the tar ge?t IdnalglSé}oévsa%ﬁaé’%fég‘ﬁ‘é%%@a?@uﬁl}ehe %Piﬁ‘éttss%%gﬁ% pri ner
included i Qet&t@idd 6B EinkR 0EI600E #AGtidnin 1% BumdRdCPPRI19R3 c@ns eHYENCE
(CO) that hybridizes to a sequence (C) located in the 3 end portion of a
conpl enent aras segwdnog houtiheing thregetthenmadinaichade dcskeamephifieatiand al so
contains, on the 5 side of the sequence (CO a folded sequence (D Dc')
that cont aff&tPh the same strand, two nucleic acid sequences that
hybridige to each other. 20 In the present invention, the term"target
nucleic acid" or "target nucleic acid sequence" denotes not only the
nucl ei ¢ aciDkseripsiequdnbe Ihbeswgod itself that is intended to be anplified
but al so a sequence conplenmentary thereto or a nucleic acid having that
sequence. | n the Teawdmerisat ehthieopresenkinvemtionhipishudtisas ledsnoreprinters a

t of 5 pri ding to.th t invention hybridizes t
ar gt nuchBreRel & tiiaer oot seaeiEahe bREBNE oAb DRY i 0 z6 to

nucl ei ¢ acigb]aRbE SRS pridhdietetlBARILECHH RE Qeénd‘PBft%ﬁ’, 264 FhenlBEASY EhOQENT
d the nelt m (C) of

condition can be determ ned dependi ng on I ng tenperature

a doubl® shybnidizesdnreskopfenae A} hentatnotidi 3ignidopdritenpsfabenhrgaiventieion and
a conpl erren%ﬁry 30 strapd, thereto, the salt concentration of a

hybri di zat RS SQUERFHANGRIS cpptains, onlihmpiside phtha suencadABd dmde to J.

Sor g Har BT PR B by U ot cord BN B RO R RS B i BBpotr |

carried ou{Bpethad is pir&dtint)on! $H¥ET side with respect to the sequence (A) in the target

nucleic acid sequence. Furthermore, a second primer included in the primer

15  set contains, in its 3’ end portion, a sequence (Cc’) that hybridizes to a
sequence (C) located in the 3 end portion of a complementary sequence to the
target nucleic acid sequence, and also contains, on the 5 side of the sequence
(Cce), a folded sequence (D-Dc¢’) that contains, on the same strand, two nucleic
acid sequences that hybridize to each other.

20 In the present invention, the term “target nucleic acid” or “target
nucleic acid sequence” denotes not only the nucleic acid or sequence thereof
itself that is intended to be amplified but also a sequence complementary
thereto or a nucleic acid having that sequence.

In the present invention, the term “hybridize” denotes that a part of a

25 primer according to the present invention hybridizes to a target nucleic acid
under a stringent condition but does not hybridize to nucleic acid molecules
other than the target nucleic acid. The stringent condition can be
determined depending on the melting temperature Tm (°C) of a double strand
formed of a primer according to the present invention and a complementary

30  strand thereto, the salt concentration of a hybridization solution, etc. For



tenperature than the nelting tenperature of a primer to be used, the priner
5is allowed to hybridize to a target nucleic acid specifically. Such a
primer can be designed usi ng comrerci ag% avai l abl e primer construction
software, for exanple, Priner3 (manufa red by Wiitehead Institute for

Bi onedi cal Research). According to a preferred enbodi nent of the present
invention, a prinmer that hybridizes to a certain target nucleic acid
contains the sequence 10 of all or a part of the nucleic acid nol ecul es

compl ement 4tk et ftot Hthn 1IGhEk SoackimFloic . SCRATBR! Salthiahews Lhe

action nechani (o} ei ¢ acl synthesis to be con ed ‘using the first

primer. FidblecaldraC@eling 2ateidétiae] ColdSHsas ¢ia bR Taihdeskori (2og)cesl ¢ aci d
to serve as_a tenplate is determ ned. 15 Then the sequence (A) that is
| ocat ed i n K@ydngtanggdwhenthdwidizatine is earyéied onuat aistichtivdoweguence as wel |

th t.hat i the 5' i d it t toth
Sequence. ( ApREpet P L B lerdetstiroet S oREaphio be HESSdRbanOBS A )
and furgheng aaphains Hyheidisd E@ﬁ%ﬁrée@' nuc®lc %‘d %{fcﬁ%&tﬁﬁﬁ. hes @l a 8&5&

sequence (Ac') hybridizes to the sequence e sequence (B') 20

hybri di zes cao hehdestgmgl asimpt@nymseqabpaeailBble printdrecastiuetion sopBwarkn t his
case, the first pri?mi{},nay ontai.n an jntervenjng se%nce t hat does, not
af fect t he fPaxample, Hybpaet manetactyirdbe Wiatehead Instarte dop Binraediga)) |
Anneal i ng a Rr.Les ) ucl ej cid r | i.h a state
ahere the JiesSh® Rebdflinh 8 SohGER BBERRLSOBE PfBREBARE S )

of 25 the panget thuich@hitdiass to &REHAME Catdet Gucldid)akid WA tHd §Rfued¥s eNsi on
reaction occurs in this state, a nucleic acid containing the conplenentary

sequent@ t of aHortapgetofithe micteinaicl wolpoaheecimpyntitasy tethe Thegett he
sequence (B'u)ﬁ that.is present on the 5 end side of the nucleic acid thus
synt hesi zed T Atidzes to the sequence (Bc) that is present in the nucleic

acid. 30 This al lpqys Pﬁcﬁéﬁﬂdc%g@ &%Wﬁh%r&éfogxsﬁgcfx&ﬁﬁgxgaf HBEIQ‘?C g’c}&‘gegd

portion of the 14 nucleic acid synthesize escri above.
resul t, theysdguentebd Anductedueihgthd fissttaiipleat eFivdc| £targat ntchécacds a
single strand and then another priner having the sane sequence as that of
t he precedpegigncesontained in a nucleic acid to sexrve as a template is determined.
15 Then the sequence (A) that is located in the 3’ end portion of the target
nucleic acid sequence as well as the sequence (B) that is present on the 5’ side
with respect to the sequence (A) are determined. The first primer contains
the sequence (Ac’} and further contains the sequence (B’) on the 5 side thereof.
The sequence (Ac¢) hybridizes to the sequence (A) while the sequence (B)
20  hybridizes to the complementary sequence (Be) to the sequence (B). In this
case, the first primer may contain an intervening sequence that does not
affect the reaction, between the sequence (Ac’) and the sequence (B).
Annealing of such a primer to the template nucleic acid results in a state
where the sequence (Ac) of the primer has hybridized to the sequence (A) of
25  the target nucleic acid sequence (FIG. 1(a)). When a primer extension
reaction occurs in this state, a nucleic acid containing the complementary
sequence to the target nucleic acid sequence is synthesized. Then the
sequence (B’) that is present on the 5 end side of the nucleic acid thus

synthesized hybridizes to the sequence (Be) that is present in the nucleic acid.

30  This allows a stem-loop structure to be formed in the 5 end portion of the



prinmer hybridizes thereto (FIG 1(b)). Thereafter, an extension reaction 5
occurs fromthe newy hybridized first prinmer due to the strand

di spl acenent reaction. At the same tine, the nucleic acid synthesized
previously is dissociated fromthe ten'pjr"ate nucleic acid (FIG 1(c)). In
the action nechani sm descri bed above, the phenonenon that the sequence
(B') hybridizes to the sequence (Be) typically occurs due to the 10
presence of the conplenentary regions on the sane strand. Cenerally, when

esence. entary regi on = nd. n
i s9oci a1 onREAel Ry ReRRhde kBRI EHLE" MR TeRa: IR QPRI S o

portions otibeftet RantheNR o8t nhéleidrid Hebb@es br AnsRktPaved ehg tAehd produced
t hrough t he extension reaction caused by the above-nentioned first priner,

15 base paiaithexprimey kaving thadapuer sdanenae esithatobthet pregediegufitstbr i um
bet ween dissociation.and, bi ndi at .rel atjvel y high tenperatures and
thereby a FPiSU6T Z’ybf’%ﬂ?& lr}gt@?ﬁeg(kag Z’i‘bﬁcﬂaéfel’l EBERSIOTTERC OMwhen a
SeqUeNCg  GRERILMEM tHeYnd Wiy B 194i58Q Hrdl HRA (1O hi%%%ﬁﬂg%ﬁs 1§€exﬁ5'ﬂt' S
present on the sane strand, "a stemloop structure can be for I'n a

met ast abl e rebetien. 24t e samt éimbode stcluitaviéd s¢ndsesieid Eevidusdy &bl y.

However, another identical prinmer binds to the conplenentary strand
portion (tﬁéssgé@&@&(f@m@e&empwe nueicacd fikF-el@)aci d) exposed due to the

formation of theystem]| ruct.ure and .t her eby a pol yner ase_cayses the
ext ensi on reacti cI)Ir$11 tﬁﬁrzrlé)d]g gt@%ﬁ/}.‘amgx?c%?s&lrwﬁfi T})O\Xﬁi %be ?Iﬁ%n%'f’?%%g}%?/tn esi zed
previ ousl y sbgush@piBickebadigdet BetROYe AR @ (BR) BAsedly 8cABY ddRUB! feSt r anded

nucl eic acid can be ﬁroduced at the sane tine. The design criteria for the
first Bimpresmserodithe complementaymediaspecthe sdime eraprde s dienémllenwhen ar e

as follows. First,. in order for a, ne ri.mer. to anneal to the tenplate
nucl ei c acf"droélfbi?'éfsr@t’i’tdleﬁl nHAlr a&l%ﬁ%ﬁ@%ﬁ@%@%? estra ’tﬂ?é'm@gprrpl ate
nucl ei ¢ acijekdns; t ' thr ensi RR iqrer, it is
oceesary Hiasofiati et HEUEL dHlofo B Ge LI U pEBITEY

nucl ei ¢ acpdrtiendethershagltbe ndand Ik hhedghabldistrhads@hheri®bcidngrodsicednt | oop

structure at the 5 end of the conplenentary strand synthesi zed as
through the extension reaction caused by tﬁe above-mentioned first primer,

15  base pairs located in the end portion are in a state of equilibrium between
dissociation and binding at relatively high temperatures and thereby a
double strand is retained as a whole. In such a state, when a sequence
complementary to the dissociated portion located at the end is present on the
same strand, a stem-loop structure can be formed in a metastable state.

20  This stem-loop structure does not exist stably. However, another identical
primer binds to the complementary strand portion (the sequence (A) on the
template nucleic acid) exposed due to the formation of the stem-loop structure,
and thereby a polymerase causes the extension reaction immediately.
Accordingly, while the strand synthesized previously is displaced and thereby

25  1s released, a new double-stranded nucleic acid can be produced at the same
time,

The design criteria for the first primer according to a preferred aspect
of the present invention are as follows. First, in order for a new primer to
anneal to the template nucleic acid efficiently after a complementary strand

30  to the template nucleic acid is synthesized through the extension of the



descri bed above. For that purpose, a ratio of (X-Y)/Xis inportant. That is
5 aratio of the difference (X-Y) to the nunber X wherein Xdenotes the
nunber of bases contained in the sequence (Ac') while Yindicates the nunber
of bases contained in the region flanked®y the sequence (A) and the
sequence (B) in the target nucleic acid sequence. However, the portion
that is present on the 5 side with respect to the sequence (A on the
tenplate nucleic acid 10 and that is unrelated to the hybridization of the
prinmer is [ ired to be aq . Single strand., Furthernore, in,order for a
Pew pr i mor PeimER bl Rt Parg ol I Sedihorliota SPRARRTTRER eh IR 1L so i o
necessary tybgipldfeen @O Scleit hOREnglBt @il AP odzhUblYbmBiohrvRE ,
efficiently. For the efficient fornmation of the stemloop structure, i.e.
for effici etemHyop sthivctwieont thetReed dftthe sempdanentB'y)stidndnynthesimdqmence

Be), the distanc X+ et yween the sequence, (B nd the se nce (Be
i(s i)nportag'lfg?’cr&‘?é?é‘?‘fey %é:\fgbﬁlﬁﬁ?%e é‘?]%é%oa‘fftf(r%@/gglstlﬁﬁmrﬁﬁﬁfgr tl%gsi Zjn
react1 08 | 3 AP AL HRURIVY 26 1hb budibdll kT Lfidldin 2cflbRaqghal e the
extended strand over a long regi on at suc oW t enper at ures. nce,

concei vabl yunilercsfdeise$ osn e d Ao tien seyudiick (Ae’) hHild diadidaded tie sembence 20
(Be) efficiently, it is preferable that a snaller nunber of bases exi st

bet ween b6t hasdsconsgineddadhe aagioneflanked biighe seqaenrcsi (Adising thensegiugare f or
the sequepge. (B ). to bridize.to the sequence (Be) to.all.owthe sequence
(A) porti gﬁﬁnog}f%t@dgﬁgxf‘ﬂglqae(i%lsﬁg'ée’?ﬁfcl HEV ey i ppydich b?#g‘ﬁéngﬁ nd, it
is preferghlBetsh; R, ' ; ence

(B ) and e e e R R o & R ove.

t he afldl enenditbatik fnrdéatedpni therhydotdizdtiog of ohé hbeimpeeiseistadqameddiorhens  of

the present. i nventiqgn f designed so that the ratio (X-Y)/Xis at |east
-1.00, prefideipfirang. | Eaatheymyre, ipvprderdoe paremppyimer teamted. togheand

orher o gaRb gl ot B b b b8 e SRR, 1,
| over, in steen-t@gestmietige DR fonhed «EntBALITCITeNERe bFiRERSRRathRel yE@R the
sequence (Ac’ )_ and jt‘he sequence f( B') that conpose the primer. Mor eover,
t he di st andten ooy stirgctiwref ies.dbr yifientehphridzationrte tpeehdhalsbyuance (B)
15  and the sequence (Be), the distance (X+Y) between the sequence (B’ and the
sequence (Be) is important. Generally, the optimal temperature for the
primer extension reaction is a maximum of around 72°C. It is difficult to
dissociate the extended strand over a long region at such low temperatures.
Hence, conceivably, in order for the sequence (B} to hybridize to the sequence
20  (Bo) efficiently, it is preferable that a smaller number of bases exist between
both the sequences. On the other hand, conceivably, in order for the
sequence (B') to hybridize to the sequence (Be) to allow the sequence (A)
portion located on the template nucleic acid to be a single strand, it is
preferable that a larger number of bases exist between the sequence (B) and
25  the sequence (Bo).
From such viewpoints as described above, the aforementioned first
primer according to the preferred embodiment of the present invention is
designed so that the ratio (X-Y)/Xis at least —1.00, preferably at least 0.00,
more preferably at least 0.05, and further preferably at least 0.10 but is 1.00

30  or lower, preferably 0.75 or lower, more preferably 0.50 or lower, and further



| east 20, and further preferably at |least 30 but is preferably 50 or |ess,
nore 5 preferably 48 or less, and further preferably 42 or | ess. Wen an

i nterveni ng sequence (the nunber of bases, contained thereinis Y') is
present between the sequence (Ac') and the sequence (B') that conpose the
prinmer, the first prinmer according to the preferred enbodi nent of the
present invention is designed so that the ratio (X(YY)}/Xis at |east 10
-1.00, preferably at |east 0.00, nore preferably at |east 0.05, and further

fer abl L. is g f . Of :
e orel dFSH 980 5 B R che S0 RS n SR BP L nlD Pt
Mor eover, theewesh shaBegudnétYAC) aingl ﬂlfeeéeq]ﬁlahw (B thepsdmgsee therg@imeef er abl y

at least 20, and further preferably at |east 30 but is preferably 100 or
| ess, nor e Npxepsenishy distanse 6X+Ydds prafegablyratienstplafaprhpyefomhdy at ess. The

af orenenti gned i rst, pri.ner has st and th th abl es , base pairing
w th the t draeethanndRER neeRiePL o] 3w nf Hhhes REQeeBl P e ed oty 1o

be mai n ai @)%E'fek'ﬂlﬂ?rci@bx\/l%@s,%ﬂﬂfﬁftﬁgﬁprJf@?ab%rM legggth of this priner is
preferably 15 to 100 nucl eoti des and nore preferably 20 to 60 20

nucl eoti des. The Whegtihsntdrvehing sepience ((Hchyindied of bessecusaned B' ) t hat

conpose the, first g;,i,mer each are preferably 5 to 50 nucl eotides_and nore

pr ef er abl y thetedn i Yol isi meseerichetwagny thersegence ¢ hued fhaseruensg Bricdat hat
does not atibhsd D% HARSL O HRY B8pI0SSLheM bEL Ve IR SPANRIERAAC ) and

t he sequence necessary. escri € second pri ner

i ncl uded i of thep sk AR inveaitiordiCdsdbmal §@thAtehRNRSRNLY-{PENT Rmtdeadtai ns, in
its 3' end portion, a sequence (CO that hybridizes to a sequence (C

| ocat et i n—HHW), prefenablycritleast @D0amore pyefereblyartlessigddhcendfhethstr and
o i zosp HEr NG A G0 ML 100 & kIR # etlbits Bkfer al so
Chat - cont af navPRI? 0,00 Q818w REITRMIRA TRokrapl Batr BUEET BEAUAIERICD D)
hybri di ze tmteach(XtHel”) iSyabfaabbcantkapt i Semobaprefersblyuttlvas 20,leadt he one
shown in F%u%thezf p;e%gra%)i? rggllgaist%vfl\i/f {S’pljte?eera%?jg lfg(r)] %? less, more preferably 75
15  orless, and further preferably 50 or less.
The aforementioned first primer has a strand length that enables
base pairing with the target nucleic acid while allowing the necessary
specificity to be maintained under given conditions. The strand length of
this primer is preferably 15 to 100 nucleotides and more preferably 20 to 60
20 nucleotides. The lengths of the sequence (Ac) and the sequence (B) that
compose the first primer each are preferably 5 to 50 nucleotides and more
preferably 7 to 30 nucleotides. Furthermore, an intervening sequence that
does not affect the reaction may be inserted between the sequence (Ac¢’) and
the sequence (B’) if necessary.
25 As described above, the second primer included in the primer set
according to the present invention contains, in its 3’ end portion, a sequence
(Cc) that hybridizes to a sequence (C) located in the 3’ end portion of a
complementary sequence (the strand located on the opposite side to the

strand to which the first primer hybridizes) to the target nucleic acid

30  sequence. The second primer also contains, on the 5 side of the sequence



and the nunber of nucl eotides of the second priner are not limted to those
5 shown in FIG 2. The length of the sequence (Cc') of the second priner is
preferably 5 to 50 nucl eoti des and nore preferably 10 to 30 nucleotides. On
the other hand, the length of the fol ded’sequence (D-Dc') is preferably 2
to 1000 nucleotldes nore preferably 2 to 100 nucl eoti des, further
preferably 4 to 60 nucleotides, and still further preferably 6 to 40

nucl eoti des. The number 10 of nucl eoti des of the base pairs that are forned

t hrough hybrigli zati t HG nth fol de uence. i referably 2
to 800 by, Cbpet RIRTpLhRpes BEBED ship toiftahfh, SR B AERCiFohd RESHEERR Y an
still furtheid @écﬁfe@l&a@tyat%ﬂﬁqa&e BB -cach *&@héﬂld%h' @@ec‘éﬁa%ﬂﬁ@r @lfastahe f ol ded
sequence (D Dc') é be any sequence and is not particularly limted.
However , i tstiwtprelike dbé ene khownhie Klel 2dor dmamﬁlesecﬁeweeeméh&)a@lum does
not hybr|d| o the, target .nucleic.gcid sequence. di.tion,
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bet weensth ( f ssary. A
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that is capsefdrdhlytthen Sbavetdseidics ameldmbtd pfef@fdbi?rloaﬂCB(Bﬂﬁ@l@dtldwi men is
described with reference to FIG 3 (FIGs. 3a and 36% In FIG 3, in order
to sinplifyhe ﬁ@lﬁt}'e}s&,i‘rd phe dengthwel fé‘@cf@hiﬂﬁe@%ﬂ&a@e ﬁt;) q)cnsznequabbta tot her
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extension reaction of that priner occurs 3(a)). Subsequently, a
stem | dbp oftndevtides oﬁt}feobmck)mms that e ﬁmnlxed thiroagid hizbyidaediaheragby t he

sequence (A) on't e et nuclejc acid sense strand is allo PY 0 be a
singl e strafdrsindhe ﬁg\ﬁefl}l?%(fe Ry rahf}b?ﬁ@n@@@pp Gﬂql}%‘éﬂ@&f\ég ton)
FIG 3(b h dth
(RS, 0ol ?%ﬁ&eﬁﬁéffﬁ@ﬂ%@% peskiie iR R Bt kg i

t he secondTheinmledtiy dcdjuease bOthd Bdsdd e((@)D'c’f)@lQéﬁBe Qmytdguence
di ssoci ated extended strand (-) (FIG 3(c)). This causes the extension

reacti on ofndhenpt pagicdadytlbeitedy dfovexteanidds preferable that the nucleotide

15  sequence be one that does not hybridize to the target nucleic acid sequence.
In addition, an intervening sequence that does not affect the reaction may be
inserted between the sequence (Cc¢) and the folded sequence (D-D¢) if
necessary.

A conceivable action mechanism of the nucleic acid amplification

20  reaction that is caused by the above-mentioned first primer and second
primer is described with reference to FIG. 3 (FIGs. 3a and 3b). In FIG. 3, in
order to simplify the description, two sequences that hybridize to each other
are described as sequences that are complementary to each other. However,
the present invention is not limited thereto. First, the first primer

25  hybridizes to a sense strand of a target nucleic acid and thereby the extension
reaction of that primer occurs (FIG. 3(a)). Subsequently, a stem-loop
structure is formed on the extended strand (—) and thereby the sequence (A)
on the target nucleic acid sense strand is allowed to be a single strand. Then
a new first primer hybridizes to the sequence (A) (FIG. 3(b)). This causes

30 the extension reaction of the primer and then the extended strand ()



strand (+) is synthesized (FIG 3(d)). Stemloop structures are forned at
the 5 3' end of the extended strand (+) thus synthesized and at the 5 end
of the extended strand (-) (FIG 3(e)).. Then the extension reaction occurs
fromthe |oop end of the extended strankﬁ(+) that is the 3' end of the
free formand at the sane time, the extended strand (-) is dissociated
(FIG 3(f)). The extension reaction that has occurred fromthe | oop end
results in production 10 of a hairpin- type doubl e- st randed nucleic acid to

which th f
etrand (<) ThEBGared hEAIRurbit dMRBanealc Fhet 2B Sesebid Brller WAL ET T
prinmer hybrihdisegaehice @@QO§%HQI?P&1e difsoane dt i@ 5@ 81348 d(BY IFIF ! 4&:))3(9) )

and the extension reaction caused thereby allows the extended strand (-)
to be produdud cars@sthea@ipnsion 1BarYiyn of hé-prinreramwd thevehg afmdudedd@céquence

t hat t t he 3 h doubl t I

aci d provi QUGG 40 SEnthastah{3 0. G0 or Hiete gy BpRIIes AHe (AR 8% st on
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fol ded sequetasial steasd (eh(FImei(@)@f ThdnQh@bﬁté’i&l&h@%&ﬁl(ﬁ%@@ﬂﬁ@ﬁoﬁi tland (+)

and the extended strand (-)_ al terna{+§ Ifl via the sequences derived fromthe
first and dedoerd pf rlrnm%tenriﬁdtsmagl% ghat i1 vhendeardrmfdheifeee foxmyand gé f ol ded

t 3' th f d (th
starting polkensiERethe Bkl S ARG I8 WRRaeRLS (TG ARH, Stheort
3(k)). ACC@&EHMrYleécIEﬁ)rﬁtHHtI}st ShfRdl ﬂ@mr&é%bﬁ’ enu%:egﬁng% gn%ml&rhe 25

strand length is doubl ed per extension reaction In the
ext enddd sof ardchifpin-typetdoedileettahdedturdeit acsk topuvhmhr thehatteheled baxand

{her eof pr 71 BRLDRWHRT S the Tk ot EPa R T oAt bf) BURpEBIBRCHHYRE and
Synthesi s) (8f hATELERU ALV ol ) medCoabel At 0e Ee0B Bhee

reacti on 30 cause romall ows s str ctures

bot h ends &AXaAd thé beqehyceaBe) (BIG: @(@D)mmmgﬁﬂeﬁbﬁn@@a@tmﬁ desuced (FIG
3(0)). The single-stranded nucleic acid contains the extended strand (+)

and the efhewtEd!lowaile ¢xtpnded etmadety ty ba producaUdfise $(deand 8d) r om t he
Primersy Furthermore, the folded sequence that is present at the 3’ end of the

hairpin-type double-stranded nucleic acid provides the 3’ end of the free form
(Fig. 3(h)). Then the extension reaction caused therefrom (FIG. 3()) allows a
single-stranded nucleic acid to be produced (FIG. 3()). The single-stranded
nucleic acid has the folded sequence at each end thereof and contains the

20  extended strand (+) and the extended strand (—) alternately via the sequences
derived from the first and second primers. In this single-stranded nucleic
actd, the folded sequence that is present at the 3’ end thereof provides the 3’
end (the starting point for complementary strand synthesis) of the free form
(FIG. 3(k)). Accordingly, the similar extension reaction is repeated and the

25  strand length is doubled per extension reaction (FIG. 3(1) and 3(m)). In the
extended strand (=) synthesized from the first primer that has been
dissociated in FIG. 3(1), the folded sequence that is present at the 3’ end
thereof provides the 3’ end (the starting point for complementary strand
synthesis) of the free form (FIG. 3(n)). Accordingly, the extension reaction

30  caused therefrom allows stem-loop structures to be formed at both ends and



Simlarly in this single-stranded nucleic acid, the formation of a | oop at
the 3' 5 end provides the starting point for conplenentary strand synthesis
successi vely. Hence, the extension reaction therefromoccurs in succession.
Thus in the single-stranded nucleic acid®hat is extended automatically in
such a manner, the sequences derived fromthe first primer and the second
primer are contai ned between the extended strand (+) and the extended 10
strand H Accordingly, each pri rrer can hybridize to cause the extension

reaction I t.h rand nd. t st pand of the
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to the presgifleistiaidedOiudBi dcﬂPhé&%n?s 1Y EttenBed BBfarid(+9@@idlden to the
first primer and the second prinmer. The third 15 priner hybridizes to the
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points for complenmentary strand synthesis. Wen the target nucleic acid
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present at its 3" end. It provides the starting point conpl ement ary
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therefrom Wen su an.a |cat| on product beconmes a 30 e strand
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starting point fThegeivabe g@m@bydﬁltgrt@rtﬁe%f@éé}ﬁsjn%niﬁbﬁnnap 18XLEBS thhArd
primer in addition to the first primer and the second primer, The third
15  primer hybridizes to the target nucleic acid sequence or the complementary
sequence thereto. However, the third primer does not compete with other
primers for hybridization to the target nucleic acid sequence or the
complementary sequence thereto.
In the present invention, the expression “does not compete” denotes
20  that even when the primer hybridizes to a target nucleic acid, other primers
are not hindered from providing starting points for complementary strand
synthesis.
When the target nucleic acid has been amplified with the first primer
and the second primer, the amplification product contains the target nucleic
25 acid sequence and the complementary sequence thereto alternately as
described above. The amplification product has a folded sequence or a loop
structure that is present at its 3’end. It provides the starting point for
complementary strand synthesis and thereby extension reactions occur

successively therefrom. When such an amplification product becomes a

30  single strand partially, the third primer can anneal to the target sequence



reaction occurs therefrom Thus the nucleic acid anplification reaction is
5 perfornmed nuch quicker. The third prinmer is not always limted to one
type. In order to inprove the speed and specificity of the nucleic acid
anplification reaction, two or nore of 4hird prinmers may be used

si mul taneously. Typically, such third prinmers have different sequences
fromthose of the first primer and the 10 second priner. However, each of
the third prinmers may hybridize to a region, a part of which is hybridized

by the fi ; . DR | . t heywd t te with th
et or & ohably BRRRAC RSl E Ry o “HalOoth FRTRRE Al e
preferably azid segh¥hcaushedhbdes thavne RGP uRt 1O beProviakastitHes, and

further preferably 7 to 30 nucleotides. 15 The third priner is intended
mai nly to preovidatiag punt fdracopnflenenitary stronddyabbesis.heThemr heiaxtergsion

anplification reaction ymuch quicker that is . caused by the first priner and
the second TGRFtHN 90%%8?1'&{0%5 ﬁ?‘é‘ﬁép‘ﬁﬁ‘@i’% RS %W?%??F@nﬂﬁii%?‘?}?dve a
lower Tsn thap At mefhfRGikeat. end of the first primer and the second

prinmer. Furthernore, it 1s preferable that the 20 anount of the third

primer to be addéthetthithpriangl isfict allwaps lipgictd enosekyhé. onn dgleg@l | er t han
that of each of the first primer_and the second prinmer. The third primer to
be used her@PEOEMDEresdandapecficitnel thenueleinecid panplifi¢ationeastionent ar y

strand syn i rovided for |.oop portion, ith,a.tenplate having
a structyrtéggz)ﬁ:{%{nge %ﬁth?%(fﬁ%lﬁberfﬁgay §8&865§?ﬁé@g&3988_ﬁw25%m\?§§25‘% 02. The
third pringhird}9@¥es hat's ddreht B &hdel e dth Qhoddat tHeSﬁrst'ﬁmﬁgﬂ ahfl tARY

primer that provides a starting point for conplenentary stran synt hesi s
at anyl@i t eecond wrigeas Howesier,eeach ofithhithindheritergebay hgbeidizea@i @ region,

sequence. The priners included in the prinmer set according to the present
30 i nvent i BPWEehWhich bﬁgﬁ%‘b‘%g@eég’yo‘g‘@x@fﬁﬁé‘w@?(?%@“&?ﬁﬂ 86 Tonaan Usaeae | dos.
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"N') denotes ribonucleotide trip arlrlpl es’ Inc e ATP,
UTP, CTP, paikyr Btprefdrablyh tan0e nuekaotileds nidfre threforb BRNEI€d 60tdude o] dg,

i ncl ude
and further preferably 7 to 30 nucleotides.

15 The third primer is intended mainly to provide an auxiliary function
to advance the nucleic acid amplification reaction much quicker that is
caused by the first primer and the second primer. Hence, it is preferable
that the third primer have a lower 7iz than that of each 3’ end of the first
primer and the second primer. Furthermore, it is preferable that the

20  amount of the third primer to be added to the amplification reaction solution
18 smaller than that of each of the first primer and the second primer.

The third primer to be used herein can be one that allows a starting
point for complementary strand synthesis to be provided for a loop portion,
with a template having a structure capable of forming the loop, as described

25 in WOO02/24902. The third primer, however, is not limited thereto. That is,
it can be any primer that provides a starting point for complementary strand
synthesls at any site as long as the site is within the target nucleic acid
sequence,

The primers included in the primer set according to the present

30  invention each are composed of deoxynucleotides and/or ribonucleotides. In



derivatives thereof, for instance, ribonucleotide with a sulfur atom5
substituted for an oxygen atom of a phosphoric acid group in the

al pha-position (al pha-thio-ribonucleotide), etc. In addition, exanples of

t he above-nentioned priners include an i gonucl eotide prinmer that is
conposed of unnodi fied deoxynucl eotides and/or nodified deoxynucl eoti des,
an ol i gonucl eotide priner that is conposed 10 of unnodified ribonucl eoti des
and/ or nodified ribonucl eotides, a chineric oIigonucIeotide prinmer that

‘l d a/ d d id
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i nvention can be synthesized by any nethods that can be used
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met hod, an hopat e thod athio na d, etc The
primers carﬁil_%g(ag’d{%ﬁl thereo, FIIS}StPHF%dﬁh% ‘E‘I‘fge‘g@‘g‘f §SP %%mcarrl ed out by
popl 1 e B ooySiaReTHbPaf U5 foni bt %ﬂe‘@%ﬁ%ﬁ%" AU PR
cont ai ni ng adpliapeeitionGlehs ‘thiv-dbewgleni@e)oetc.t he nucl ei aCI d sanpl e that
is used for a nucleic acid anplification reaction can be either DNA or

RNA. Exanpl es of IDMdlh@nu@@ampleS@f thorboveyaratienedonAmezadneyde Bat i ¢ DNA.

Exanpl es of .RNA i;ncl.yde a e hnRNA, and
Synthet o RRRDNYHBEHAR Beftap Bias i Sofnitoen of BBt ARErn Bt OiAEa sanpl es
such as bl gad/orlih88iRS: d&ﬁﬂylnﬁcle%ﬁ@eg WA BREon RELEBES p ?ﬂﬂeﬂ}ﬁiﬂﬁ ’coﬁxr osed

m croor gani sm sanpl es t hat "have been separat ed from bi ol ogi cal sarrpl es,

f oods, 180i b§pndraiified ejibeeucleotides aadanminedifidieribenmtlavdesicl ehimendd d or

nucleic aci g sampl e an be isol ated by an 0. arbitrary, nethod anpl es of
the net hodoﬁﬁ‘élil 80t %P§§%%€h%r?%¢%‘&@ﬁﬁfﬂo%ﬁ fge%n@akprléas P¥sing a
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The primers included in the primer set according to the present

15 invention can be synthesized by any methods that can be used for
synthesizing oligonucleotides, for example, a phosphate triesterification
method, an H-phosphonate method, a thiophosphonate method, etc. The
primers can be obtained easily through the synthesis that is carried out by a
phosphoamidite method using a 394 DNA synthesizer manufactured by

20  Applied Biosystem Inc. (ABI), for example.

The template nucleic acid containing a target nucleic acid sequence or
the nucleic acid sample that is used for a nucleic acid amplification reaction
can be either DNA or RNA. Examples of DNA include all of cDNA, genomic
DNA, and synthetic DNA. Examples of RNA include all of whole RNA,

25  mRNA, rRNA, siRNA, hnRNA, and synthetic RNA. These nucleic acids can
be prepared from biological samples such as blood, tissues, cells, and further
animals and plants, or microorganism samples that have been separated
from biological samples, foods, soils, drainage, etc., for example.

The template nucleic acid or nucleic acid sample can be isolated by an

30  arbitrary method. Examples of the method include a dissolution treatment



an isolated nucleic acid be purified. The nucleic acid can be purified, for
5 exanpl e, by phenol extraction, chronmatography, ion exchange, gel

el ectrophoresi s, density- dependent centrifugation, etc. Mre specifically,
both a doubl e-stranded nucleic acid, suc# as PCR fragnent or genom c DNA

i sol ated by the above-nentioned nethods, and a single-stranded nucleic
acid, such as cDNA prepared through a reverse 10 transcription reaction
fromwhol e RNA or nmRNA, can be used as the tenplate nucleic acid or the

nucl el aciy sammlen i e GA3ReRl N SooRUBLS: ShEpRdetipyslefepact d. when

it is subje enaturn

strand, it caaflel@ulltusing sithsk %@hﬂ@rarﬁlhtﬁé’d}%d th GREXER Ut LR 4SBéntRr the
above-nenti oned reverse transcri ptl on 15 reaction is not par%l cularly

linited, asprBang Fgrthermaze, ave®NAnsydoneslezisa gs pa@tenmntys preﬂsrzzhlaghRNA as a
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ori gins,

RTase) , 5R0%§a ARRONAD Al P dide YRE S cdhBRRG! 10%&&%%1%@% RTase),

Mol oney nuri n a virus revérs F1ptase RTase), etc.

Besi des t heb&trap HoRdsipodatnstsadepdrtiint caddtifugitadd, ythas reverse
transcription activity al so can be used. In order to achieve the object of
the present inveMousripesHiopdlys bottua deabie: s@a@dgé nuctein geid; ﬁtlcléﬂsi’c,(t}]i{w ty at

hi gh t enpey tures are nost t ab For tance, ..The cter
do T veq Pttt A Eattn A Bl na il M Renyonsd FtHORE AL, o
derived DNé\npg;baee&%rr@@@ n€diSic a‘éi’d‘ s%th%ecq}N@( a?éd Shroud 4 b&pdrag |y

preferred enzynes include thermophilic Bacil bacteria derived DNA

pol ynet@s etrmmpamn&easuearfmmevhwiprﬁhmlm nké%Nz@sechthké\msedimhase (Bst DNA
pol ymer ase I dot e derived DNA pol ynerase (Bca DNA pol ynerase),
for exanpl emgga&t ’pﬁg %B%Iel%'dﬁl@i‘ﬁli)l f Boh¢ ersprlthse, etc. For

used for a (reverse-transcrip reac nerase” al | ows

cDNA t o beisyithesditdbd avxﬁnlgl% m@m niticad Hehetilited fathenswitaBlysecondary
structure of a tenplate RNA under a high
The enzyme to be used for the above-mentioned reverse transcription

i nst ance, pﬁbﬁc&l cPﬁthé‘PJ {VRER L %gﬁggyﬁa%g%nagﬁg%gﬁ%m@%ﬁyt o be

15  reaction is not particularly limited, as long as it has a cDNA synthesizing
activity utilizing RNA as a template. HExamples of the enzyme include
reverse transcriptases of diverse origins, such as avian myeloblastosis virus
reverse transcriptase (AMV RTase), Rous-associated virus-2 reverse
transcriptase (RAV-2 RTase), Moloney murine leukemia virus reverse

20  transcriptase (MMLV RTase), etc. Besides these, a DNA polymerase that
additionally has reverse transcription activity also can be used. In order to
achieve the object of the present invention, enzymes that have reverse
transcription activity at high temperatures are most suitable. For instance,
Thermus bacteria derived DNA polymerase (TthDNA polymerase, etc.),

25  Bacillus bacteria derived DNA polymerase, etc. can be used. Examples of
particularly preferred enzymes include thermophilic Bacillus bacteria derived
DNA polymerases such as B. stearothermophillus derived DNA polymerase
(Bst DNA polymerase) and B. caldotenax derived DNA polymerase (Bea DNA
polymerase), for example, BcaBEST DNA polymerase, Bealexo~)DNA

30 polymerase, etc. For instance, the Bea DNA polymerase does not require



tenperature condition. 5 In the nucleic acid anplification reaction, even
when the tenplate nucleic acid is a double-stranded nucleic acid, it can
be used for the reaction wthout further processing. However, it also is
possi ble to denature the doubl e- strandet nucl eic acid into a single strand
if necessary and then to carry out the annealing of a priner to the

tenpl ate nucleic acid efficiently. 10 Raising the tenperature to about 95C
is a preferred nucleic acid denaturation nethod. It also is possible to

J eic at thod. It alsois i
ot hol, 1 n i et doAgkG hOsel Bn°h bR Wb e RO RRNIRRTT P RS, 2"

priner to NYNAighlzsechk@sc@allék§eDNWEb BeGyndkédzed whilRHROENTREIRS that 1S
used for the nucleic acid anplification reaction can be any pol ynerase, as

| ong as it formsagenafid wopdayetenctuae of v teynplatt RAAudidepadughent ability).
Al'l of the _nornal -ten'ger ture, nesophilic, and thernostable polynerases
can be usedPTURETANTY CORAHRLr nore, this pol ynerase can be either a natural

productgor a vari j: : 4LLiSk Al i . An
Sampl e of such Abl riEah QmBRRRth Ehficy NRRXUG BB LRPRRE L
pol yner ase nlnakis abisltiant d@lbly-stdded rudeic sidnychedsaiedtfoy ithy redotipl es of
such a DNA pol ynerase include: a variant of a DNA pol ynerase derived from
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aci d alpl i Rassingdhe tesperatvreiolabdat Y6AC iDNpefiyed naskic ¥eidt (Exo-) DNA
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1s necessary to lower pH to allow a primer to hybridize to a target nucleic
acid.

15 The polymerase that is used for the nucleic acid amplification
reaction can be any polymerase, as long as it has strand displacement activity
(strand displacement ability). All of the normal-temperature, mesophilic,
and thermostable polymerases can be used suitably. Furthermore, this
polymerase can be either a natural product or a variant obtained by

20 artificially varying polymerase. An example of such a polymerase is a DNA
polymerase. Preferably, this DNA polymerase has substantially no 5 — 3’
exonuclease activity. Examples of such a DNA polymerase include: a variant
of a DNA polymerase derived from thermophilic Bacillus bacteria, such as
Bacillus stearothermophilus (hereinafter referred to as “B. st”), Bacillus

25  caldotenax (hereinafter referred to as “B. ¢a”), ete., in which the 5 -~ &’
exonuclease activity has been deleted; and a Klenow fragment of E. coli DNA
polymerase I. Furthermore, examples of the DNA polymerase to be used for
the nucleic acid amplification reaction include Vent DNA polymerase, Vent
(Exo—) DNA polymerase, DeepVent DNA polymerase, DeepVent (Exo—) DNA

30 polymerase, phage phi 29 DNA polymerase, MS-2 phage DNA polymerase,



Furthernore, in the nucleic acid anplification reaction described 5 above,
when using a DNA pol ynerase that al so has reverse transcription activity,
such as BcaBEST DNA pol ynerase, Bca(exo-) DNA pol ynerase, etc., the
reverse transcription reaction from whol4 RNA or nRNA and t he DNA

pol ymerase reaction that is perforned using cDNA as a tenplate can be
conducted using one type of polynerase. Mreover, a DNA pol ynerase and 10
t he above-nenti oned reverse transcriptase such as the MWV reverse

transcri pt s be us ther in copbi nati | es of the
ot er - r engdnraa Fhip eBmBEa<ls Bl FHYK i me a6 BRSO RER S,
reaction i n@hDIBN ACHSIFInEThSe, QAP NTR BOBHh 46 NTRE Irfifhate FBIESI UM acet at e,
magnesi um sul fate, etc.; a substrate such as a dNTP m x, 15 etc.; and

buf f er sol polyonerasacétcas a Tris hydrochloride buffer, a Tricine buffer, a
sodi um phosphat e_puffer, a potassi _Cpho, phate_buffer, etc. Furthernore,
1

addi tives such a “JF}P’@P?RHQ’ W‘?)?P_ e é‘iwlféﬁtﬂ?wqqqmr?&@ﬁ%&i i ne),
etc., @CidiG dBERdL ﬁé&ggzgﬁ)llﬁﬁg}#)%%%s%{m%?ﬁ?&) ?§§%\}e§‘§@tﬂa@~lsmg%%ﬁ4455’

etc. also can’be use nprove e nuclerc aci

anpl i fi cat hetivelf s iteac Beca BESTEDNApbBHfeagk dBanekb+i DAIA polyneaeisk 0ste., a

mel ting tenperature adjusting agent can be added to the reaction solution.
The mel ti nghe wepsapatianscriptionofeagtion fraraivehele iRNJeonenBRNA and thetldNA ned by
the specific, nucleotide.sequence of a g¢double-strand form ortion in the
nucl of o acPAYSESE gt Eih R imePhuthed Viig GOV LPRPLAET 680G agent 1o
the reacti gghfebd WhPbhO¥Srd HEpolIRIerh I UABRESRLY DN R pbR£BANISHhd
Accordingly, the strength of the double-strand formation i'n the nucleic

aci d cdh béthadbast-adnaionedaenstsenirantenpesatsuck asAhe dviivilnV neléisag

tenperature adjusting agent has an effect, of decreasing the nelting
t enper at ur BlaNAEERtASEe At TRRY PR Mged dpgrdhat in eombinahioRt i ng agent i s added,

h I ti h - f ' Ik d
bet woen tug. nucl BRrduruSl e SRERAE FRbRR AR by (el F RERLERE aRT O,

of the doubhgiFickaiod reattiBh iRFludancalyR6U6ad as @S Morids, t he
above-nentioned nucleic acid anplification reaction, the
magnesium acetate, magnesium sulfate, etc.; a substrate such as a ANTP mix,
15  etc.; and buffer solutions such as a Tris hydrochloride buffer, a Tricine buffer,
a sodium phosphate buffer, a potassium phosphate buffer, etc. Furthermore,
additives such as dimethyl sulfoxide, betaine (N,N,N-trimethylglycine), etc.,
acidic materials and cationic complexes described in W0O99/54455, etc. also
can be used.
20 In order to improve the nucleic acid amplification efficiency in the
nucleic acid amplification reaction, a melting temperature adjusting agent
can be added to the reaction solution. The melting temperature (7m) of a
nucleic acid generally is determined by the specific nucleotide sequence of a
double-strand forming portion in the nucleic acid. The addition of the
25  melting temperature adjusting agent to the reaction solution allows the
melting temperature to be changed. Accordingly, the strength of the
double-strand formation in the nucleic acid can be adjusted at a constant
temperature. A common melting temperature adjusting agent has an effect

of decreasing the melting temperature. When such a melting temperature

30 adjusting agent is added, the melting temperature of the double-strand



addition of such a nelting tenperature adjusting agent to the reaction 5
solution allows a doubl e-stranded portion to be a single strand efficiently
ina nucleic acid region that is rich in GC for formng a strong double
strand and a region where a conpllcate@ secondary structure is forned.

This makes it easier for the next primer to hybridize to a target region
after an extension reaction caused by a priner is conpleted. Hence, the

nucleic acid 10 anplification efficiency can be i rrproved The rrel ting
i nvent i and its

d h
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reaction solution to be stabilized and thereby the nucleic acid

anpl i fi cat regiontfhereeneymphentsd aenmdﬁm'cstmmr@miqmeslt abihis makesadent to
ticularly.limted

be wused in t.he_.present inventio nat p

Vo aoel oRatiEr Bl GRTastatmeh o Re PN o L hieget prPenialer SeRietom i

al bum n, 25 536mads88 Dy a?bPﬁmé:ﬂ‘{stéa?ﬂﬁIQ '}Teﬁéée d}gé’ﬁh‘éle‘fc 26&lgd
arrpllflcatlon reactlon it also 1s pOSS leto a , asS an enzyne

st abi |1zi ngmaddivatioa erfﬁeugany chobeiimpovedg The mélbignesdpdiakutey of enzynes
such as a DNA pol ynerase, a reverse transcriptase, etc., to the reaction
sol uti on. FIRTUSTIYE aﬁﬁéltéﬁ%yﬁ@s@ddarrﬂ@meaemrmnﬁlﬁ@ Fuhis CORCHBTAEPBI t 0 be

stabili Zedthéa‘f;e ghns% Ytiorl g%e sulgz%]:ﬁyéarc%pénsto?le}géﬁ fxfélgﬁ §g€ y and

anplification | ciency ¢C rov any one of
t hose knOV\fhklﬂ?tlﬁﬂ) @risiddidtion dmbr B@édﬂcﬁi%cﬁfdlﬁoné tRaf £ectHpwever, such a

reagent is preferably saccharides, nore preferably
hybridization conditions, for example salt concentration, reaction
15 temperature, etc. The melting temperature adjusting agent therefore is
preferably, but is not particularly limited to, dimethyl sulfoxide (DMSOQ),
betaine, formamide, glycerol, or any combinations thereof, and more
preferably dimethyl sulfoxide (DMSQO).
Moreover, in the nucleic acid amplification reaction, an enzyme
20  stabilizing agent can be added to the reaction solution., This allows enzymes
contained in the reaction solution to be stabilized and thereby the nucleic acid
amplification efficiency can be improved. The enzyme stabilizing agent to be
used in the present invention can be, but is not particularly limited to, any
one of those known in the art, such as glycerol, bovine serum albumin,
25  saccharides, etc.
Furthermore, in the nucleic acid amplification reaction, it also is
possible to add, as an enzyme stabilizing agent, a reagent for improving the
thermostability of enzymes such as a DNA polymerase, a reverse

transcriptase, etc., to the reaction solution. This allows enzymes contained

30  in the reaction solution to be stabilized. Accordingly, the nucleic acid



nonosacchari des or oligosaccharide, and further preferably trehal ose,
sorbitol, 5 mannitol, or a mxture of two or nore of them The nucleic acid
anplification reaction to be perfornmed using a prinmer set according to the
present invention can be conducted isotﬁ%%nally. Hence, according to a
preferred enbodi nent of the present invention, this nucleic acid
anplification reaction includes: a process of preparing a solution 10 for
nucleic acid anplification that contains a tenplate nucleic acid or a

nucl ei ¢ aci : | DES t.of the pr nt. iV LQN; a
brocess o T ERHR: RRh S, &id BRLREN o SHRGRERER be ERLLA", R0 o

anpl i fi cat irgfigedticanhéang @RBRFLheds khdentiffthe ab @hASE Mot hyrticglagles that an
approxi mately constant tenperature condition is naintained under which

enzynmes andimpiteder However Buchrctdagens is prdfeyably saechdiridesn markarefgyeblysi on
"an approxi mately .constant ..te rature copdition" denqtes .nqt only .t hat
the preset TEHPEIIGEs & NGRS AP gL uhs: BIRICEASS oS, Petibelat ur o
variatign gan, @0{[’ gl.grrﬁmqregru%ogp%%@%th ir the substantial function

of enzymes and priners. A nucleic acid anp ication reaction to be

perfornmed under gheansdeictacid® @nipdifivatdhufeactiondb beqgeréamdakusmgduct ed by
keeping a tenperature at which the activity of enzymes to be used can be
mai nt ai ned PTiMex sgtacsordiagdo 4Bp dresantlinverEdn 6Anhetondasted wothgaalier a

primer to neal _to a. tarqget cleic acid f exanpl e, . the reagt.i on
enper at ur &4t er &y RETipe W brelsrred rafdimany & th K e v HepH Wyt

tenper at ur @uclbid a8l ANB1AEAIBE rOictiBiciuddy: 8W8Eesd df prepabinRlLéquabhe that
the |l evel of stringency be set in consideration of the nelting tenperature
(Tn) 010 t héorpnucler. acid eordifingition thatsontaipe matemr@ats npelsieacidlor a about 20C
to about 75C and ma:sgélgr ef erabl y, about ggsto about 65C. |n the nucleic
acid anpl i AUEALT B Rlesndia Srimepeet PIEpRNL BYEPPOPCARE FrPOES i on i s

ted upkid el ; | S ' Ok ediofd N t
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anpl i fi cat c@mdcerel the terrh “BlosigeringalDPSddittes tioatlse apphottiheiteld@dtant
containing a non-natural nucleotide, as a_ tenplate nucleic acid. In the
present spétuhpersdtreponditiontismrpiniamadarndey which enzymes and primers can

15 function suitably. In addition, the expression “an approximately constant
temperature condition” denotes not only that the preset temperature is
maintained precisely but also that a temperature variation can be tolerated
that does not impair the substantial function of enzymes and primers.

A nucleic acid amplification reaction to be performed under a constant

20  temperature condition can be conducted by keeping a temperature at which
the activity of enzymes to be used can be maintained. In this nucleic acid
amplification reaction, in order for a primer to anneal to a target nucleic acid,
for example, the reaction temperature preferably is set at a temperature
around the melting temperature (7m) of the primer or lower. Moreover, it is

25  preferable that the level of stringency be set in consideration of the melting
temperature (7m) of the primer. Accordingly, this temperature is preferably
about 20°C to about 75°C and more preferably about 35°C to about 65°C.

In the nucleic acid amplification reaction described above, the
amplification reaction is repeated until either the enzyme is inactivated or

30  one of the reagents including the primers is exhausted.



nucl eoti de" denotes a nucl eotide that contains a base other than the bases
5 (adeni ne, guani ne, cytosine and thymne or uracil) contained in natural
nucl eoti des and that can be incorporated into a nucleic acid seguence.
Exanpl es of the non-natural nucl eotide i&icl ude xant hosi nes,

di am nopyri m di nes, isoG isoC (Proc. Natl. Acad. Sci. USA 92, 6329-6333,
1995), etc. CGenerally, a nucleic acid anplifying enzyne having no 10
thernostability is used for the anplification of a target nucleic acid that
contains a non-n ove- nent one leic

t I | eoti.de. ; Ho . th
2eld anpl 111 oar | oh tPEAREYS eSO BARICT g B TR RS e o
a tenper apbkSbR QI 2Yacldi€RER conIfiRRS 3l i -hhvultdl Hucldgidaugb ai ¢ aci d
anplifying enzyme (a DNA pol ynerase, etc.) is inactivated is |lower as 15

conpar ed wit¢implate rooheiemcicdbnaln BPER resehbepecihentedrortbe tehm “‘mootsitaraki d
anplification reaction to be perfaqrned using the priner set qQf the present
"nvent i on AlpotideseBatesanpgieotid thaneantpdas A 6R o6 Pthet ragethekAe ¢ aci d
cont ai ni ng - : ti I ' [ i fying
enoyme hav i s ARe, SUELORAME I Sl ML AREQ BT Y100,

anmpl i fi cat nowledtidas asel is¢ caaibd eRbiiratdinto RoMudlaiciad sogedeet i de is not
particularly limted as long as it can _anplify such a target nucleic acid.
However, pdameieaef {he popmmatural meglestide viclude sapthesinem ef fici ency, a

Y188L/ E478Q. nut ated. HHV | r.everse trAanscri pt ase n V, e

ranscri pt BAEREIRFIRIIPES At antosT CAomot Bon sk e U oF 3.

pol yner ase 985 @t UG ENA MR X TRIASE ackl £m ﬁ?ﬁn%‘érfzgm@hé%%ﬁﬁﬂ Si smour 1
et al., Biochem stry 42, No.28, 8598, 2005 [~ U’S. Pat. No. 6,617, 106,

M chael( J. thamuastabilgl .is uBed doigdn ampliffedtionlof Gharpst nyclertdod $h#)

1149-1152, 1998, etc.). Furthernore, substance that inproves the
t her nost abfPREINGA NeTRATERE naexeatldanpﬁorﬂgmﬁ& W@'%%@%ﬁﬁ%ﬂm

Frenal ose. oSliConpRhaRuGA B8 A0 Qob .0 EACELOM, ) b Bl i 5 ke

it possible é nuclherc aci n‘ng a n hat ur al

nucl eot i deté@ﬁ@reﬁﬁi‘é aranhd $0°TheHnes SihespdkiANtyA iRy fheoidlon fidduct
obt ai ned by the nucleic acid anplification nethod according to the present

i nventi on saplifEingetnsrymeel (Ebl])NA polymerase, etc.) is inactivated is lower as

15 compared with the conventional PCR method. Therefore, the nucleic acid
amplification reaction to be performed using the primer set of the present
invention also is effective for the amplification of a target nucleic acid
containing a non-natural nucleotide, for which a nucleic acid amplifying
enzyme having no thermostability is used. The enzyme to be used for the

20  amplification of a nucleic acid containing a non-natural nucleotide is not
particularly limited as long as it can amplify such a target nucleic acid.
However, particularly from the viewpoint of incorporation efficiency, a
Y188L/K478Q mutated HIV I reverse transcriptase, an AMV reverse
transcriptase, a Klenow fragment of a DNA polymerase, a 9° N DNA

25  polymerase, a HotTub DNA polymerase, etc. are suitable (Michael Sismour 1
et al., Biochemistry 42, No.28, 8598, 2003 / U.S. Pat. No. 6,617,106, Michael J.
Lutz et al., Bicorganic & Medical Chemistry letters 8, 1149-1152, 1998, etc.).
Furthermore, a substance that improves the thermostability of a nucleic acid
amplifying enzyme, for example, trehalose, etc., also can be added to the

30  reaction solution. This makes it possible to amplify a target nucleic acid



many various nethods. In one nethod, an anplification product with a 5
specific size is detected by general gel electrophoresis. In this nethod,

it can be detected by using a fluorescent material, such as ethidium

bronmi de, SYBR Geen, etc. In another metthod, an anplification product also
can be detected by using a |abeled probe that has a | abel such as biotin
and allowing the |abeled probe to hybridize to the anplification product.
Biotin can be 10 detected by binding to, for instance, fluoresceinated

avi di n, awc%h?aﬁi%lﬁ%g%%-ngﬁﬂﬁg hgle% ld%r%%%e? Cge%rlf per oxi dase, etc. In

still anot her I munochromatogr oyed. In this nethod, the

use of a chromatFlg pRivescaTBlh A B plifikltidh Prdtft ObEARkE Myl thedAldsit ablde
| abel is used has been devised (the i mmunochromatography nmethod). When the

15 above- nemplheatiempidthpédcéardyne o thmpraschabevedipr cbebadetdnped bii zed to
each other and then a capturin robe that can ridize tp anather
sequence d?a’?}ﬁé’aﬁlﬁb‘ﬁim?tg’@ﬂfsr ag"hgﬂ? m?ﬁxe%ﬁiamgﬁ&%ﬁm Hléocﬁ}ﬁt 8gr aphi c
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the 20 chr desicdgetadiycusmgiaffiordscent @atdiial, shoplag cdkidiain brongalie, B¥BRde
macroscopically. In the nucleic acid anplification nethod of the present

i nvention, (&ieaBecttne lamaothermetbed.arn paindifioption pusdugtialseicandwd d
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nmethod is a nmethod of visually observing cloudi ness of the reaction
sol uti bt byletadtéd byrignding foaddr inktdncep finopdseeimatadiadidinndsidio thaghesi um

contained Ln the reaction solution an t hereby a .white, precipitate of
magnesi um k?QPB K8 PR G SBﬁ‘}bﬁ%’éﬂ‘?mgﬁ toNer n%f%tlﬁhé‘ﬁé‘mg“r mé’i]g‘?éal eis a

met hod t hat il i faet:.t 3 i i ntration in

t he reacti ?)Iﬁﬁ%%[}‘%c?ﬁ%#agg%lra glsigse Ir?glgg'er g%?gg%gtw?éﬁﬁgygggﬁgri c acid binds

strongly tehrmhatographic By sn FelgioBS tAcredtdpicaligrdycthbBldBibehiohdddl e
salt. In this nethod, when a netallochromc indicator (for exanple,

Er i ochr ome hBp &ern Teviedr ke inapmarbiromlatiegrapthy,. method). en the

15  above-mentioned amplified fragment and a labeled probe are hybridized to
each other and then a capturing probe that can hybridize to another sequence
of the amplified fragment is immobilized on the chromatographic medium,
the amplified fragment can be trapped by the portion on which the capturing
probe has been immobilized, Thus, the detection can be made with the

20  chromatographic medium. As a result, simple detection can be made
macroscopically. In the nucleic acid amplification method of the present
invention, since the amplification efficiency in the nucleic acid amplification
reaction is very high, it also is possible to indirectly detect the amplification
product by utilizing the fact that pyrophoric acid is produced as a byproduct

25 of amplification. An example of such a method is a method of visually
observing cloudiness of the reaction solution by utilizing the fact that
pyrophoric acid binds to magnesium contained in the reaction solution and
thereby a white precipitate of magnesium pyrophosphate is produced.
Furthermore, another example is a method that utilizes the fact that the

30 magnesium ion concentration in the reaction solution decreases considerably



whose col or tone changes according to the magnesiumion concentration is 5
added to the reaction solution beforehand, the presence or absence of
anplification can be detected by visually observing the change in col or of
the reaction solution. Mreover, when @8ing Calcein, etc., the increase in
intensity of the fluorescence acconpanying an anplification reaction can be
observed visually. This allows the anplification product to be detected in
10 real time. According to a preferred enbodi nent of the present invention,
the presenge of an,anplificatjo r gdyct obt ai ned t he nucl.ei c agid

ampl i 11 cat PaRHRPRBHOEASI PR enaly 4P sueil Somk anel o i pad
detected  PheaBs qhunlunddIGhROGNEIN] Ols HothoRObdnPNAREamsRRGRLC Nl

results fromthe 15 production of the anplification product. Wen such

det ecti on isditatordforpemhoplepBricahrémaBlackd phidrexy NaphtHeldBlue, ehe) pri ner
set of the present invention has a solid-phase support or a site that can
bind to a ¥ qsas:gh)ast@ne §h%’b§?ﬁ ACCPRANGIO] t@ﬁgﬁag@e%ﬂﬁb&chwwt@m% t hat
can bi t [ haye,be i i nt0 any
porti ort sded Fie FaRH G AHBRGh befBHpRRICURe BRI SEHERE P BT e

regi on of HiIFdaERn calo¥Edfectdd by FisudBf HRBl gt thatchialghas coRef the
introduced into the 5 end portion. Furthernore, a substrate to be used

for the nuvdasitionagbldtianpl MareavdmpwhesaesingrCateging etwt,dibe ingresskiin- phase
support or.a site t .can bind to a soli.d-phase suppart. The solid-phase
SUpbort ¢ ol BENHLEAT R AHErssTEBEn R OMURYION 28 BY CaaoR TERd OB eRt B or
that is | nSQldpbe vidudile MSACHIIBRsIALUrhPRALRINEpHRA kOheldieciBEh el C acCid
anplification reaction“or a phase transition supBort whose state changes
from ald i e thhase to a solid phase (gel phase) or froma solid phase

(gel phase) to a liquid g}hase before and after the anplification. Exanples
of preferred sofrerrghasto awsptirred abodimaniaf e piesentisrendiagathbe pol yner =

20, UL Bl 5 RHIRL L LREARPL BT, PRRI BT 1L
magneti ¢ pamblFic8tioftBethddUdBRdineX B MBL g b8l BRENLIDAI MG cR be detected
sol vent -i nsol ubl e organi ¢ pol yner support, a solvent-insoluble inorganic
pol ymer sulppobservangs the eggregakiobl o apailidrphase support that results from the
15  production of the amplification product. When such detection is to be
performed, at least one primer included in the primer set of the present
invention has a solid-phase support or a site that can bind to a solid-phase
support. The solid-phase support or the site that can bind to a solid-phase
support may have been introduced into any portion, such as the 3’ end portion,
20  the 5 end portion, or the center region of the primer. However, 1t 18
preferable that it has been introduced into the 5 end portion. Furthermore,
a substrate to be used for the nucleic acid amplification reaction may contain
a solid-phase support or a site that can bind to a solid-phase support.
The solid-phase support to be used in the present invention can be
25  either a support that is insoluble in the reaction solution to be used for the
nucleic acid amplification reaction or a phase transition support whose state
changes from a liquid phase to a solid phase (gel phase) or from a solid phase
(gel phase) to a liquid phase before and after the amplification. Examples of

preferred solid-phase support include a water-insoluble organic polymer

30  support, a water-insoluble inorganic polymer support, a synthetic polymer



support, a gel polyner support, etc. Mreover, exanples of the 5

wat er -i nsol ubl e organi ¢ polynmer include silicon-containing materials such
as porous silica, porous glass, diato eous earth, sellite, etc.,
cross-linked polysaccharide such as nit¥ocel |l ul ose, hydroxyapatite,
agarose, dextran, cellulose, carboxynethylcellul ose, etc., cross-Ilinked
protein such as nethylated albumn, gelatin, collagen, casein, etc.

gel -like particles, dye sol, 10 etc. Exanples of the water-insol uble

i norganic Il T8¢ [ i ' LAg: [ c
particles, @gk)ggﬁfiﬁgrr}%sggﬁ%l?élt Bléréslﬁ ¢ ﬁeéta?l%m%&t)gﬁie#gzlﬁé?ﬂ%éc B%(@és%y?tg ne,
pol y( et h) &#nvhat examplepvhoydofahcaldela solpohtyaecoMbdabigdlie pobapet Migic:t,

t hereof, a styrene-styrenesulfonic acid copolyner, a vinyl acetate-acrylic
ester copoPyifeventdpsolubleinmganicanlysiey ssanonts aelvengsotule podimer et c.

Exanpl f the. t] rticle, incl , tic, i i de bead,
mononi <per SSPRT REEEbPGaRLbirksti iy Mosforfichaamtiondsie oxi de on the
sur f aces t h@i@ef-ind SHR A PAARFIRRlE Gnldbb sfli®n-dohR4int R0 #) 42 PHIS QN a8

magnetically responsive particle having superparamagnétic iron oxide

cover ed wi phreaussilipagrdarous glassedzdatiaegods éamtROsqlIRY 1Q9&)0s69B4BY, a

magnet i zabl article of fine. po r englaosed in an organi¢c polymer, etc.
The magnet Pg]é’ga (g'ff’irb‘fepﬁéfg’ea%ﬂﬁﬁ%‘\il‘t\ﬂle"é%eo EOXAPAHLEREATESY. | AFXETAy be

separ at ed i f i ti G f . | es of the

f or m of th?&ﬁbg%-%ag&s@g%&%%ﬁrﬁlﬁ%’% %p%%ggﬁftn?{gﬁg{rggmﬁsﬁénﬁ% fiber, a
filter, etmethypaedalblmil,oditehesdiRgehorieth, dthe geblikd ppRaskRssERPseslt is 25

a particle whose surface may be either porous or non-porous. Exanples of
parti i@l ar e8¢ plictaanpled of 6he washrbesodublednbegamic pokyend ek denakutmiohim

synt hetic | yper_.supports are dispersed uniformy, in,. for instance,

wat er, rret%’ﬁ(aeb ?‘&“&gg’“&ﬁr PFREs pﬁ%g’f‘f?%segcol Wﬁ’&?&i?hﬁﬁ% 69 particl es
such as nMegReii& inBRAESHol j Lhohzat i jJyer or a
substrate on?{a sol i d- pﬁpaosgé fel%%t})ygg(rﬂtlé@g% egtghir)@?g y(%ﬁatm%ifm’g met hod t hat
i's known tpolzapeidswitriékichpelgniars theeed 4 styileaentihodsadonisseidi t her

physi cal bonds or chem cal bonds. The immobilization of a priner or a
subst r at e SWOVBE]iAVIBAdectateerliGrster gonglymer, etc.  The metal colloid can

15  be a gold colloid, etc. Examples of the magnetic particle include a magnetic

iron oxide bead, a monodisperse having pulverized particles of magnetic iron
oxide on the surface thereof, a superparamagnetic particle
(JP4(1992)-501959A), a magnetically responsive particle having
superparamagnetic iron oxide covered with a polymeric silane coating film

20 (JP7(1995)-6986B), a magnetizable particle of fine powder enclosed in an
organic polymer, etc. The magnetized solid-phase support allows a solid and
a fluid to be separated easily from each other using magnetic force.
Examples of the form of the solid-phase support include a particle, a film, a
fiber, a filter, etc. A particularly preferred form of the solid-phase support is

25  aparticle whose surface may be either porous or non-porous. Examples of
particularly preferred solid-phase supports include latex in which synthetic
polymer supports are dispersed uniformly in, for instance, water, metal
colloidal particles such as gold colloids, magnetic particles such as magnetic
beads, etc.

30 The immobilization of a primer or a substrate on a solid-phase



can be perfornmed using a conbination of a material that can | abel 5

ol i gonucl eoti des of a priner, a probe, etc. and a solid-phase support to
which a material that can bind to the above-nentioned material is bound,
for exanple. The conbination of materi alls to be used for such a pur pose,
those well-known in the art can be used. Exanpl es thereof include a

conbi nation of biotin and avidin or streptavidin, a conbination of an
antigen and an antibody that can 10 bind thereto, a conbination of a |igand

hat “hybri drgEoroo B Rl ob6y eama AR RROWRS phifb Hghea fae! 08

bi ot i nyl at ettepirt."eThe methbaichatigel ditlady FhREcdl BoBdBGr chenAcANdisPhae
support whose surface has been coated with avidin or streptavidin, so that

the priner ipyneibeatignof eaprimer omaohilistragd oo stlid-phase sipgpphiasacsalipor t .
The antigen _can be. for.exanple, hapten, such as. EI.TC D DNP, etc.
o 1o ant T BB0 BT el R comBr e Ed el Skt €2 WP ant | - FI TC
anti body, k-8Rl j . i 5 td t :

ant | bo e SEoh e pHRes O RRtther, A o a R e S O P wich o
anti body. nRafetriaddhat tyn bibhdte theanbowd-nepitinediMatirivd it boaadh fatdyamplet h

hi gh specificity 20 and hi gh bi ndi n% efficiency. Hence, such a conbination
i s parti culldig spPmbipationpiimaaterialabe Pe mserdernsnch a pyenoses thpsn well-kngpven,

i gand, etg p.ntroduc i.nt he 5..end,portiqn of a i ner

i dual 15 AP Fan b B8 RS hlEs IGept IR ateBin o oF oTEY and

vel | - known aretihag dtpqftadiBi(d 98thbi 3999 6f an W2 RehI%B M aA 48Ry A€ can
JP59(1984) - 204200A). 25 The site (or group) that can bind to a solid-phase

suppor 10t obbed thewts.m cambinutanertta ligeedndm caepbe delteanddnddberationg t o

t he above-nentioned t hods, that. .are used for imobiljzing a prinmer or a
substrate 6 m%&?‘? aggﬁ%géw]se&l‘bﬁgflﬁtﬁ%gﬁgﬁwlt}?,eapﬁé’tg‘?’f’(?%%or group) can
be either ; j - / r i.nd. i - thereto
or one ¢ hat Paroady, Bk @ik, SO ARIASE HRRILE shsHaBEPANRLER L0 Budd
However, i to asofidgflerseEupd?t whbad stiffacs hiae beeh cosdpyithl 4adidosol d- phase

support to bind specifical Ig)n/ thereto. Exanples of such a site that can
bind to a §@eptREREssodhppbhe PrinedLesulttsate cdader ibagbilbwdeon sheh as

bioti N5 awsc%cﬂph%%é ggf)sglitqi q"heaarht?gnér{ il be,af%r %p{grirl%?gyhapten, such as FITC,
DIG, DNP, etc. while antibodies that can bind thereto are, for example, an
anti-FITC antibody, an anti-DIG antibody, an anti-DNP antibody, etc. These
antibodies each can be either a monoclonal antibody or a polyclonal antibody.
Particularly, biotin and streptavidin bind to each other with high specificity

20  and high binding efficiency. Hence, such a combination is particularly
preferable. A labeling material such as biotin, hapten, ligand, etc. can be
introduced into the 5 end portion of a primer individually, or if necessary in
combination of two or more, by a well-known method (see JP59(1984)-93099A,
JP59(1984)-148798A, and JP59(1984)-2042004).

25 The site (or group) that can bind to a solid-phase support to be used in
the present invention can be selected according to the above-mentioned
methods that are used for immobilizing a primer or a substrate on a
solid-phase support. Accordingly, the site (or group) can be either one that
allows a solid-phase support to bind physically thereto or one that allows a

30  solid-phase support to bind chemically thereto. However, it is preferable



a ligand, a receptor, a nucleic acid, a protein, etc. Such a site is
preferably 5 biotin or streptavidin and nore preferably biotin. The use of
a prinmer or substrate that contains su%g%a site allows the above-nentioned
sol i d- phase support to bind to an anplit9cation product after the nucleic
acid anplification reaction is conducted. The solid-phase support to be
used in this case can contain a binding partner for the site that is
contained in the 10 priner or substrate, if necessary. Such a binding

partner is t@fa%ﬁﬁé”sitie Mot Bfoup) Q%I?S‘vs; Q%Elcﬁbhé’&ﬁsﬁ[g%{rg t??ﬂﬂi L eéiﬁ@al?}i %}ﬁereto.

contained in the primer or substrate, " prefer present o e surface
of the sol ixghake wppbrt sitatithtnminebindrtefesdbl-phise emepmittihchdde thosde
surface of the so ig-phase support has _been coated. 15 According _to one
enbodi nent CJEIE% BPevemuchppdietipnavidin stieptagidingan apigewm asantihadyent i on

is prepared, {: c lural.ity. of target nucleie acids, _the
plurality gafilgé?(ﬁgar p%cg%g&afgenl{llcner%% ﬁqc’)fepJ% naeg"m is‘é{cg‘haagléeﬁij%?{gﬁﬂ such a
manner &8s tigotif oflisSidphgidsh abtan bioprFasdblPbitin. aDHe WBERFLHRIMAKELEI ¢ acid
anplification reaction is conducted using these imobilized priner sets.

20 This nakkabstratebiali tingains suebl 4 sie allpivsrthkiabpvefmentigetd roldd-phasaci ds
si mul taneousl\é and ,t.0 get ect airi%:ci f.ication pré)du ts aslsoci ated with the
respect i ve SPRPGE: ORhipAdp @inamplificatipn praducieriiehthe an¢laitadfem t o be

di sti ngui shggh : | i i oduct ected
usi ng, for g’)%%n%ﬁ{?(ﬁgﬁcﬁkgﬁggP;a{{?g?@’HleoFﬁ%eﬁsgglgﬁgggea%%ﬁ%ﬁ?pﬁng?&lglﬁi nmer s
are 25 i muhid ¢azedannroatghanbindiafipdrpiaser suppietthat isaataingl podiet | ons,
respectively, so that after the nucleic acid anplification reaction and
the del@ct PEHDSY or shsitratee HinesgssayduSrsh adpipiding partmer dgepresesitandhaci ds
can be spegifi [ cli 1ot posi tiQns ere the anplification
product s a?%g%gﬁ%%gg%gs ?%209%1&%1 t&’ng’ﬁa‘% %Oﬁgﬁ{f’remflh@’te @éﬁ’eﬁé)rtfé@ﬁg%‘?’ such a
purpose caprbRrally 9Ph¥seriQrl 1R ARLYE SRR Q@ o i gl suppor t
but al so o%g tﬁat 5(ifs@’BBSe wel | - known in the art?jp}gj%h%ffg%st’ a&ggl?gf beads
that are dpsetlenghlyshabk evith evhickdhb sotfaee of thSsolRkiphaie suppoftdt Ssemnd

6, 057, 107), anﬂ a sub-planar support that is produced by bundling fibrous
supports of°kfch respective primer sets

15 According to one embodiment of the present invention, a primer set of
the present invention is prepared for each of a plurality of target nucleic acids,
these plurality of primer sets are immobilized on a solid-phase support in
such a manner as to be distinguishable from each other, and then the nucleic
acid amplification reaction is conducted using these immobilized primer sets.

20  This makes it possible to amplify a plurality of target nucleic acids
simultaneously and to detect amplification products associated with the
respective target nucleic acids in the manner that allows them to be
distinguished from each other. The amplification products can be detected
using, for example, an intercalator. For instance, a plurality of primers are

25  immobilized on a planar solid-phase support at specific positions, respectively,
so that after the nucleic acid amplification reaction and the detection of
amplification products, amplified target nucleic acids can be specified
according to the positions where the amplification products are detected.

The solid-phase support that can be used for such a purpose can be not only

30  the above-mentioned planar solid-phase support but also one that is



have been solid-phased, which then is cut into thin sections 5

(JP2000- 245460A), etc. The anplified fragnment obtained by the nucleic acid
anplification nmethod according to the present invention is conposed of
ordi nary bases. Accordingly, it can al s® be subcloned into a suitable
vector by using a restriction enzyne site inside an anplified fragnent
after anplification. 10 Furthernore, the anplified fragnent can al so be
treated with a restriction enzyne as in RFLP and therefore can w dely be

used al so i he field.of .gengtic test. The a e- ment,. oned .anpl, fJ ed

f r agment cavple]‘trl)é&b)%ldlt?c%}f b 3‘%0% ?%S‘ég%[;%ﬁ #geaélﬁg%&tére Qésgf%‘f}ﬁ le AFOTRNA
pol yner ase.eathicthéad {10\ FaR. RYA 6,026 307904 é@%ﬁ?ﬁﬁe,déﬁ&atéwb-ﬁmak lfport
anplified fragment. The RNA thus 15 synthesized al'so can be used as an RNA
probe, si RMAat & produced by nuudleig fihoiws sanplorfs aawiloch redgeetivageondi aetst o

the present, invention, a base that has been | abeled with biotin or a
fl uorescenth%{}@reina‘il‘” AP ’Wgﬁg’%e%l%?}ﬁsmﬁ%ﬁ 5 $¢5H1988 of ordinary dNTP.

This al ko | abeled with biotin or a fluorescent material to
be pr epgrﬁqu@@gégﬁgé%reg? it also is possible to determ ne the presence

or absence of an TiaphplifiedtfromphoobElinédboUlb nctit haidamblifiehtios of the
biotin, |abeli ng material, etc. A priner that is included in the primer
set of the pethwdrcepidingty she presesit/iovention icenmpisedoof @sinamtbasesenzyme

recognition site. JThis makes,it 25 possible to inprove the nucleic acid
ol 111 cat PSR pelT Ukl A5 e B AR o &b R bR 1 cat 1 on
product by rg@strR$ion Gidydie SRE YABIE Al SRRAREHTEherhOnt Bt GR1F1SLRR, ENZYy e
recognition site contained in the priner. Hence, It 1s possible to cause a
conpl eh@nt dturtlsemace, shebgdifs:d fragienn cah adssbe ardhtedivaph acesamittidry pe,

wi th the nick being as synthesis starting point. 30 Basically, this
method i s BREBHERH® mﬁ@f‘ﬂﬁ %ﬂﬁa pheredrena wodalyee Mead déxrii ald ofas” pri or

oL DECRIPED. | YA DRV BBkt G O
nucl ei ¢ aciélsorxiaip heiM ALY séQuarehH RN 2pSlyheirass aThey Mddwes ¥ntRINA
to be synthesized directly from the amplified fragment. The RNA thus

15  synthesized also can be used as an RNA probe, siRNA, etc.

In the nucleic acid amplification method according to the present
invention, a base that has been labeled with biotin or a fluorescent material
can be used as a substrate instead of ordinary dANTP. This allows a DNA
probe labeled with biotin or a fluorescent material to be prepared.

20 Furthermore, it also is possible to determine the presence or absence of an
amplification product through a certain structure of the biotin, labeling
material, etc.

A primer that is included in the primer set of the present invention is
allowed to contain a restriction enzyme recognition site. This makes it

25  possible to improve the nucleic acid amplification efficiency. That is, a nick
1s caused in an amplification product by a restriction enzyme corresponding
to the restriction enzyme recognition site contained in the primer. Hence, it
18 possible to cause a complementary strand synthesis reaction of a strand
displacement type, with the nick being used as a synthesis starting point.

30  Basically, this method is based on the principle of the SDA method described



each other as shown in FIGs. 3(m and 3(0). In this nethod, it is necessary
5 to design the primer so that a dNTP derivative is incorporated into a
portion to be a conplenentary strand thra reverse priner to be nicked, so
as to provide the portion with nucl eas esi stance so that the double
strand is prevented frombeing cleaved by the restriction enzyne. A priner
that is included in the prinmer set according to the present 10 invention
can contain a pronoter sequence of an RNApol ynerase. This allows the
nucl ei ¢ acid #0g Aftl Cah| I3 : : LAY AV i;cal this
method is ggsed oz#ti hgﬁslral@rﬁ)g%e%lg lo?g%%éﬂ’hﬁ%%%@éﬁﬁggn%gggﬁg?e é(raeg ta prior
art. In thehprefsmntinithaebhe anclehoaedad sesingaeatteandatd Pid rtiucdurain

| ong- chai néugkgip{iififatio,n product as shown in FIG 3(m is_made by the RNA
15 pol ymer 388chpdtcleie agislsi complemenannis each ether sire nained adtesnatelisgi |y to a

i | e- st t o] I Pk t. . th
Srobi 11 cat CAOgRYad ORbwhn TS BT B SO0 IRHNH medboiis 1T Rrerspaey
accordifg e dekignaheSAdiner R¥ERLE QUNTER de&-ﬁ%wéqsaﬁcd'@tﬁl%@credﬁﬁw&ﬁbrfibﬁt i's

used in the LAMP nethod or the SDA 20 nethod. This nakes it posSible to
i nprove t h&o hael wmpleviantanpkirbindabizoreveesd prinesrctp. beThiekedf @y aptd mer to be

used herein ca a priner. that_allows a ortion | ocat on the outer
side of a Pﬁ?‘@@? Qﬁ%@PE‘i‘E‘lé{'@F]{tﬁ né‘él?@@ﬁé'%s%wré:% %oeﬁb@{téli@ dﬁagfeeffteaa ¥ to be

pr ovi ded whblvdhsd 8k BROLRLy  Oby SRTRLEIRRIA! dpayifrand synthests. 25 The

nucl eic acid anp cati1on nmet hod accordi ng resent invention nmakes

it possible to pAgsusertthet ioinchwddigiredsi pAnARted ueedddyng & tlsd pAisenst r anded
nucleic acid to be immobilized on a DNA chip, a _single-stranded DNA probe
to be Hseditntipa eameontag a mranwterspmirnse of annBidopolysrerase.beThsed for a

ong e TR B EHPLRIRE op LRt TRl o2,
2 | IBTRLHN ke Rt SEOUNILTNASIYA B ety geQLcne o
aci d prepapudr byt.t Ha thecpeisentoivéntion, however, since transcription from a
long-chain amplification product as shown in FIG. 3(m) is made by the RNA
15  polymerase that recognizes the promoter, the primer can bind easily to a
single-stranded RNA that is a transcription product. Thus, the amplification
efficiency can be improved.
Furthermore, the primer set according to the present invention can
include an “outer primer” that is used in the LAMP method or the SDA
20 method. This makes it possible to improve the nucleic acid amplification
efficiency. The outer primer to be used herein can be a primer that allows a
portion located on the outer side of a target nucleic acid sequence on a
template nucleic acid to be provided with a starting point for complementary
strand synthesis.
25 The nucleic acid amplification method according to the present
invention makes it possible to produce the following easily and quickly: a
single-stranded nucleic acid to be immobilized on a DNA chip, a
single-stranded DNA probe to be used for determining a base sequence, a
megaprimer to be used for a long-chain PCR method, ete. Furthermore, the

30  nucleic acid amplification method according to the present invention also



anplification nethod of the present invention can be used as a DNA fragnent
5 to be immobilized on a DNA chip. That is, the nucleic acid anplification
nmet hod of the present invention also isdggplicable to a method of preparing
a DNA strand to be immobilized in a pr ss of producing a DNA chip.
Furthernore, it also is possible to produce a DNA chip by immobilizing the
5" end of a prinmer on the DNA chip beforehand and then performng the
nucleic 10 acid anplification on the chip. Wen a fluorescei nated probe

t hat hybri dj Lo _an Li.ficat,ion preduct is added to a reaction

soruti on baPEFS {xdsmF B L ERa AnPiB Uil o P B Rt B A"
anpl i fi cat i;eniRhedyequaaR 3T& %E@tchﬁélewacia%boﬂdiﬁg t4/0hd Fu{«menucl eic acid
anplification is performed on the DNA chip. It is possible to determine the
presence or absedcgingle-strantad nmeldinaaid g paved bydhaciwtlaequence cont ai ned

in a nucleic acid sanple b tilizing the nuclei¢ acid anpl.if]jgation
reaction t GTHRIBEHHYY hﬂ‘iPﬁ&“%%esﬁflf’h%Ye%téQn Cae B8 1P @StaoDN&fra.gégea&

i nventign. .tg%.iid?ﬁébiﬂ)i%@%aea Dm@cﬂgjr el maﬂaeicdfaa%w;g&d&ﬁt a

nutation site is contained 1n the orenenti oned sequence sequence

(B), or seaqusthot ofEhe plbéchtdhvonGoh AésdizegPHIRAbY tAh sethod of p2éhditiee a
nmut ati on to be determ ned by checking the presence or absence of an

anpl i fi cat ikNAsEsRdto beemarobilized bt ageatessofenpilveingrroliNfechi®. net hod of
determ ni ng, t he presence or abs of mut at1.Qn ,i.n.a .nucl ei.c.acid .,
sequence | SURULRRAGE H Sisf i Perebisdo b olHEt 8 D YRR BAEIGEE S §)
process_of enRofBaiin: Wi DNA abhetamHatid 4 (RPpeABRRIA! Uk fRAGINO &
prinmer set 25 according to the preSent invention that 1s designed so that a

nucl ei 10 aciadid zmglifinatonionhtherchip t hBiert Adluurtaddinmntedgrrobs that hybddipet

nucl ei ¢ aci d ,sequlgﬁce,_ and nucl eéti de residue associated with the
mut ati on i £ BB %ﬂtl@rhpaocggﬁa%ﬁé ed Ay a rpagign spbiqrhefons the BuglsENhCce

O - and . : _ . v . et .
1 theor cElduBpARERHOR o RS PAT % AmBYificRLSpibiufiTiid bt AR hPSE!! DD
the nut at i esmidehecthios th@hberki®hciingnpiifseiibn iN¥EiITbABd oWHR NNIANGhig. Pri mer

set that is desi gg_ed so that a nucleic acid sequence containing a target
mut ati on serves dsisPpasardeto dewreiine dbe grsseprenosbsenee pf 2 sentdior inam
15  nucleic acid sequence contained in a nucleic acid sample by utilizing the
nucleic acid amplification reaction to be performed using the primer set
according to the present invention. For this purpose, the primer set can be
designed so that a mutation site is contained in the aforementioned sequence
(A), sequence (B), or sequence (C), This allows the presence or absence of
20  the mutation to be determined by checking the presence or absence of an
amplification product. Hence, the present invention provides a method of
determining the presence or absence of a mutation in a nucleic acid sequence
contained in a nucleic acid sample. The method includes: (a) a process of
preparing a nucleic acid sample; (b) a process of preparing a primer set
25  according to the present invention that is designed so that a nucleic acid
sequence with or without the mutation serves as a target nucleic acid
sequence, and a nucleotide residue associated with the mutation is contained
in a sequence (A), a sequence (B), or a sequence (C); and (¢) a process of
performing a nucleic acid amplification reaction in the presence of the nucleic

30 acid sample using the primer set.



anplification product after the nucleic acid anplification reaction
indicates 5 the presence of the nutation, while the absence of or reduction
in the anplification product indicates e absence of the nmutation. On the
ot her hand, when using a prinmer set that”is designed so that a nucleic
acid sequence containing no target nutation serves as a target nucleic
acid sequence, the presence of an anplification product after the nucleic
acid 10 anplification reaction indicates the absence of the nutation, while

the absence of om ﬁlﬁadhﬁftéﬁél')‘rrl] idt@F]ééﬁi%n%EEﬁé%&ﬂﬂeﬁé&e@éﬂf’ﬂﬁr&ep@i&ﬂi G5 the

presence of the nutation. I'S case, the expression uttion in the

anpl i fi cat iwming pripdoetsetl et i8sleaigreduel thon 4 Audaiadid ebqlidieceamplainisgt i on
product obtained as conpared to the anount of the anplification product
that is obt&idi€at WHeatioy serees ay gdargricregleicasi dsepmprsacdia prepeeecaann t he

nucl ei ¢ aci I h esent_inpvention, t erm"nutatioen” denotes
that s basc pRRiEARon pRod O MGISE BN BimuilfialiPh rattthf s Blaeir o
that is5difihenaBberddeQiNtht hatitLH, 3 Med thd aBsGRBIIFQL rBYGEHEiIREAE Sequence
is present in the nucleic acid sequence. In the present invention, the

t er m " cont Penphficdtéd paedw't iddivatestle al2@enceof éhe nadationhaOrhése atheir| d- t ype
(also refe as a "nornal -t ") sequence. th onsi dered as a

st andar d beriagl _ t OiehER EfPTIEe %Z:,haéls 3@%&@%@%9@@@%@% respect to
a certain %Qﬁﬁéﬁéeccoqﬁﬁﬁmiﬁg%ﬁ%gg?t dﬁtﬁgﬁﬂgn tsg}{;bg da%]%r@grg[eﬁ;lgﬁgie% Okt est

nucl ei ¢ aci d® neans a nucfelrc a €s resence or

absence of saqbas®, (hepatdediny of hatarhplidcifien ppbdhdtafddiile BRlsienicad ned in a
control nucleic acid in the nutation detection nethod of the present

i nvent $&n. amplaicpdionenagsion;indipades the abednsieldbe dnetedion, svlplettent in a
nucl ei ¢ aci e and has an jdentical sequence to,that of the control
nucl o o actirs SRR orsugiin B8 4bE BRI B it O P reReR e o e,
in the presgambfavRRL | IR thidEaRXPhEERARSINASRIASENE IR R A é)tlﬁic%gi’d‘ﬁt ation”
or 30 "nucl eotide residue associated wth a nutation”™ denotes a base or a

37 nucl eopraducté diedutestaheddcsioprinsembuat of tiee anipdificationijiredict ebtaieddki c
acid. It therefore denﬁt es both the base or nucleotide residue that is

contai ned & cPR@arpdfathoAmquE afthy sseplfientionpradust dpenseefiatned wase or
nucl eofd deyr &81,94¢ e acid sequence is present in the nucleic acid sample.

In the present invention, the term “mutation” denotes that a base {(a
base pair in the case of a double-stranded nucleic acid) that is different from
that contained in a control nucleic acid sequence is present in the nucleic acid
sequence. In the present invention, the term “control nucleic acid” denotes a

20 nucleic acid that has a wild-type (also referred to as a “normal-type”)
sequence that is considered as a standard base sequence, for example, a
standard genotype, with respect to a certain specific base sequence. On the
other hand, the term “test nucleic acid” means a nucleic acid to be tested for
the presence or absence of a base (mutation) that is different from that

25 contained in a control nucleic acid in the mutation detection method of the
present invention. In other words, it means a nucleic acid that is present in
a nucleic acid sample and has an identical sequence to that of the control
nucleic acid except for the base associated with the mutation. Furthermore,
in the present invention, the expression “base associated with a mutation” or

30  “nucleotide residue associated with a mutation” denotes a base or a



is contained at the nutation site in a nutated-type nucleic acid. For 5
exanple, in the case of detecting a nutation in a gene of a patient
suspected of having a genetic disease, the gene of the patient suspected
of having a nutation is a test nucleic Hcid. On the other hand, a gene of
a healthy subject corresponding to the gene of the patient is a control
nucl eic acid. The above-nentioned test nucleic acid and control nucleic
acid may be 10 either a natural product-derived nucleic acid or an

tificiall ; ' J.ej id .Th .m "nuel ei id". d
" e pr ediiieRUERFER: ul Beledf S EIB A BT AnfudBleardin B 7

nhucl eot i de thetdfore donltes ®dth bhic hasd bAAucbYHHE abliMuetthat iL&intAutddeACtRCT d
and control nucleic acid each are DNA such as cDNA, genom c DNA, synthetic

DNA, etc. GRURNIONEIEE 1me coBtypRmaclainabidd ANLthdhRNr Buciwide yasideritbaRNA,
etc. Furthernore. the, term"pol ynucleotide" be used in.th resent

i nventi on é?’ng%‘ﬁtﬁé’%%‘gét B E‘Ioélogtlged‘é’sa ‘&36?4'88%8}1@8%9 #ad afotel | as
artificgal loy b hesiieehsB $E e tiAL : | [ j

nmor phol i no enﬁglﬁgi c acid, ® mstd% Bﬂ%ﬁ% on%ltt!%gnluia[ g‘?‘(@é gﬁ?&?‘%hﬁ%ﬁ%@%

nucl ei ¢ acioflhagtmg a gknetic dincene aheaze R fAht qsit it GaBpsabeef havirgsa nucl eic
acid and a control. nucleic acid arbitrarily. These nucleic_acids may be in

the int er nPRGiaEP SIS sy muckic geidectQnfbe ofardhanchg ganeoefen Bealshyment  of

t he present,.i ' ' [OCess of. the nutatipn detecti.on nmethod
acoordi ng PaCKE B Bhor ok 8 oBF BRRE 204 pRliphLE TPuNpERuMBICTHL " <

desi gned so that THaeabwehaehiiBBed 8sitdUR:]1 &2 REPIRE 3bBE M LBIANScilthal ben IS
contained in the sequence (A). In this enbodinment, when the target nucleic

aci d skyuepttber ¢ nagnral pradluichr deriyed murleic ecatddas anifieiallyheyfthesizedr i mer
anneal s to_t he.sequen (A) in the nugleic acid anplificatjon reaction and
thereby an™ ﬁm%ﬁff Pt atic[gﬁ‘?tﬁ%’ﬁ‘d%’_@?‘?l% a%‘gttaihﬁ%eaﬁed@@ RPIGERRT ARG Dhen a
nucl ei c achﬁa%%ﬁagﬁum%%idbscoﬂtéi ?ﬁ%@bﬁ%@di‘ﬂéﬁ%déf&tﬂé EnifofMbdifelar get
nucl ei ¢ acid sequence is contained | e nuclel ¢ aci d sanple, it is

di fficult fhaclebtidef i Tgpicptlymie teat anbkad adid ddiecorgesluensigic(edd eAck hee
nucleic acjd anplification reaction. Hence, in this case, no anplification
product i sDoH ahele@ssDNAcerrimasr ANA; syativeise Davduete. of RNA such as

15 mRNA, whole RNA, hnRNA, siRNA, synthetic RNA, etc. Furthermore, the
term “polynucleotide” to be used in the present invention encompasses
polynucleotides and oligonucleotides as well as artificially synthesized nucleic
acids such as peptide nucleic acid, morpholino nucleic acid,
methylphosphonate nucleic acid, and S-oligo nucleic acid, ete., for convenience.

20 Atester can select a test nucleic acid and a control nucleic acid arbitrarily.
These nucleic acids may be in the intermingled state during detection.

According to one embodiment of the present invention, in the process
(b) of the mutation detection method according to the present invention, a
primer set is prepared that is designed so that the nucleotide residue

25  associated with the mutation is contained in the sequence (A). In this
embodiment, when the target nucleic acid sequence is contained in the
nucleic acid sample, the first primer anneals to the sequence (A) in the
nucleic acid amplification reaction and thereby an amplification product is
obtained. On the other hand, when a nucleic acid sequence that is different

30  in mutation site from the target nucleic acid sequence is contained in the



anplification product is obtained. Preferably, the nucleotide residue 5
associated with the mutation is contained in the 5 end (corresponding to
the 3" end of the first priner) of the sequence (A). Furthernore, it is
preferable that the sequence (Ac') cont¥ ned in the first prinmer be a
sequence that is conplenentary to the sequence (A). According to another
enbodi nent of the present invention, in the 10 process (b) of the mutation
detection nethod according to the present invention, a prinmer set is

prepar ed Al MARPLARGHL 301 A0 BTGl AR bifno! FRLGNEIIRIAGT 2 o0 Wi th

the nutation 1s contain e sequence S enbodi ment, when
the target sayabpéc(AandhsanudsicectdasPifrbbied relctite. Heakeiia thed eaanpl e,
the second priner anneals to the sequence (C) in the 15 nucleic acid

anpl i fi cat insrampiifchdan anedettds ebyaiaedans ednstdarably prdhedtameuntodt ai ned.
On the ot her d,..when nucl ei ¢_aci d seqguence.that .is.different in

nut at i on S!a%phﬁﬁﬁﬂqmgrqfﬁpééi Oﬁf@&?‘é‘ic qu%%r &JQﬁg@@@gﬂ%{%@%ﬁd in the
nuet el ¢ ac i dseamRldwithltheinftdtibe i tortinddi HROPRAINCHTREpSRIIARMEEheL O the
sequence (C) 1 n the nucleic aci arrp(?l I cation reaction. I—%nce, in tﬁl S
case, 20 n@ empbf the firstgrimeodofthd squighaé G8d drumhennsidaldt abprefaedileed

anount of grrgl i fication product is obtained. Preferably, the nucleotide
residue adBatthe senusnen (AR containedin the svinyimed berp struascedhigt is

(correspong%)&%tléﬁgghpa%yé%g%ﬁgtﬁ%f uéﬁg% §@cond prinmer) of the sequence (C).

Fur t her nor era he sequence (CO contained in the

second priner be P@c&@iﬁ%fﬂé‘;ﬁﬁ@ﬁléﬂ'@hbbéirﬁ&[%ﬁ%ﬂﬁ%%ﬂi%v%ﬂﬁoﬁ?ﬁﬂﬁﬂ@e (0.
Accordi ng to anot her enbodi nent of the present invention, in the process

(b) of 1@ he pretess ilohofdde sv utamonmmdeteati oncvetitidnarcoodingeopthegarsenti nvent i on, a
primer set.is prepared that is designed so that the nucleotid r.esi due
D500 ar ed TR RHEAF oS Brated that de e dor e Bicierifao t ni s
enbodi nent : |.ei ' | c&%]@' { n the 39
nucl ei ¢ acr%gqgggrpa%%?m%%tﬁ g?e&%l ﬁgl%frlﬁpg%ﬁ%é ?grréoﬁl qgﬁ‘[r?le(e(\ians ot ehgggg}éncfg (A to
cause an exh®nshbodineac] when thesaggeneecléB geid begudriceGorbataiaddiin thbe

primer hybridizes to a sequence (Be) on the extended strand and thereby a
st em | oop” nucleic acid sample, the second primer anneals to the sequence (C) in the
15  nucleic acid amplification reaction and thereby an amplification product is
obtained. On the other hand, when a nucleic acid sequence that is different
in mutation site from the target nucleic acid sequence is contained in the
nucleic acid sample, it is difficult for the second primer to anneal to the
sequence (C) in the nucleic acid amplification reaction. Hence, in this case,
20  no amplification product is obtained or a considerably reduced amount of
amplification product is obtained. Preferably, the nucleotide residue
associated with the mutation is contained in the 5 end {corresponding to the
3 end of the second primer) of the sequence (C). Furthermore, it is
preferable that the sequence (Cc’) contained in the second primer be a
25  sequence that is complementary to the sequence (C).

According to another embodiment of the present invention, in the
process (b) of the mutation detection method according to the present
invention, a primer set is prepared that is designed so that the nucleotide
residue associated with the mutation is contained in the sequence (B). In

30  this embodiment, when the target nucleic acid sequence is contained in the



structure is formed efficiently in the nucleic acid anplification reaction.
5 This efficient formation of the stem|oop structure allows another first
prinmer to anneal to the tenplate. Accorggjongly, t he acti on mechani sm shown
in FIG 1 proceeds efficiently and thertby an anplification product is
obtained. On the other hand, when a nucleic acid sequence that is
different in nutation site fromthe target nucleic acid sequence is
contained in the nucleic acid 10 sanple, it is difficult to formthe

above- ment LANAd: SLEMAABR. SHEHEhU ot Bkl alMENELS oRE Ley ARk IL) €At 1 On

reaction. Thus, the actton mechani sm Shown i ere As a
result, no canpé bhisaéhdonpeaciod, d Seqalkinab (B that 8 coaRRiiddeinadteypig@duced
anount of anplification product js obtained. Preferably, the sequence (B')

cont ai ned HybEKEzes fost sparense (Be) en dhgeatrrwledigrand anddherehy 2 stermdopence
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oser i bed UG jorlopted dERtD e e neR SERL AN CHORA PAZRIE. 1, ¢ he
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occurs due to the presence of conplenentary regions on the sane strand. 20

CGeneral | y, tehenecal thoths eosplasndeficandirgly, theixdtidnsaochaties shdvon in FIGY! e
strand, partial d] ss%cj atiyon (ft arts fromits ends or relatively unstable
portions dtINOFe] HICRE L s they Kerssipliéicatipaivedupiuis hitaingdi d B oduced
through _t@ﬁ%%ﬁeemdax?d‘ WEAE LI AMGRUI R &:ihe%'&g thit 8 aiphlBE( in N§ahage pairs
| ocated in the end pdrtion are ina sTAlETs eqwslllbrlum etween

di ssoci at i eftedrsinthsdhig:tatuctic mel Bbdyinte N bnteARE LA tHE ScRidadifier eby a
double strand is retained as a whole. In such a state, when a sequence

conpl elgnt afpple it fredidfigels ép dewd the aboivenméidenastistam 1¢w smdciwepndébent on

t he same strand, a,stent.l.oo strycture,can be faormed i,n a nmetastabl e
ot o RondbEle a g EPlheRBon Poddtian: TrERTBE ahBphanpdthitielrAkwa i

Particul ar - conql r [ I S fr tyeen the
cequence (B3 g uAIanCC AR LERRRNE o o Nk ARh Al RIGRERIAE A4S
stem | oop stmaide¢rabdy rsdwedyamosnhabf enplificheiontpodust isadbtafwdred at all. In
this case, _the hybridization e,s\/veen the sequence (A) on the tenplate and
the sequenfgelerebly, the saasepes MY coatained i ihe Sinst prEIUdS a sequence

15  identical to the sequence (B).

The detection of the mutation in the above-mentioned sequence (B) is
described further in detail. In the action mechanism shown in FIG. 1, the
phenomenon in which the sequence (B’) hybridizes to the sequence (Bc)
occurs due to the presence of complementary regions on the same strand.

20  Generally, when a double-stranded nucleic acid dissociates into a single
strand, partial dissociation starts from its ends or relatively unstable portions
other than the ends. In the double-stranded nucleic acid produced through
the extension reaction caused by the first primer, the base pairs located in the
end portion are in a state of equilibrium between dissociation and binding at

25  relatively high temperatures and thereby a double strand is retained as a
whole. In such a state, when a sequence complementary to the dissociated
portion located at the end is present on the same strand, a stem-loop
structure can be formed in a metastable state. However, this stem-loop
structure does not exist stably. Particularly, when a noncomplementary

30 nucleotide is present between the sequence (B’) and sequence (Bc) portions



t he sequence (A) portion does not dissociate into a single strand and
therefore 5 the next first primer cannot anneal. Accordingly, it becones
very difficult to cause the continuous reaction shown in FIG 1 The
nucl ei ¢ acid sanple containing a test ndél eic acid can be obtained froma
test body, for exanple, a human being or a nonhuman animal, In this case,
nucl ei ¢ acids can be extracted from sanples, such as desired tissues, 10
organs, cells, etc. obtained fromthe test body, by a method known in the

t. It al th dit 4 the
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RNA, and thﬁ\lﬁae Mlﬂwmﬁaetlbﬁ%edmﬁ‘m}qam d may be used as a
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amplified with \heouml@lcwcd]Semp%aguammglﬁammuCMQacxﬁmagl be)datapn@d erred
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al ready0 t hatgdns, téids, eds ebthiried frobatie feat bodfdly a assthol ldmmpairr €tk art.
(m'smatch) |s produced partly in a double strand of a DNA, = 30 bacteri a,
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be performed through, for example, a general polymerase chain reaction

15 (PCR), and thereby the test nucleic acid contained in the nucleic acid sample
may be amplified.

The test nucleic acid and control nucleic acid each may be a single
strand or may be a double strand. The term “double-stranded nucleic acid”
that is used in the present invention denotes any of double-stranded DNA,

20 double-stranded RNA, and DNA/RNA. The double-stranded nucleic acid
may be used as a nucleic acid sample without further processing, or may be
used after being amplified with a vector, such as phage or plasmid.

According to a preferred embodiment of the present invention, the
nucleic acid amplification reaction in the mutation detection method

25  according to the present invention is conducted in the presence of a mismatch
recognition protein. This allows the mutation to be detected more
accurately.

It has been known already that in the case where a base pair that
cannot be paired (mismatch) is produced partly in a double strand of a DNA,

30  Dbacteria, yeast, etc. have mechanisms for repairing it. This repair is



(JP2000. 300265A), MutS protein that has bound to a green fluorescence 5
protein (GFP) (W99/06591), etc. has been reported. Furthernore, recently,
a gene di agnostic nmethod has been devel oped in which a msnmatch is detected
using a msmatch binding protein (M GCot et al., CGenet. Anal., 14, 47-50,
1997). The follow ng nethod of detecting a m smatch has been known as a

nmet hod of detecting a pol ynorphismand a nutation in a specific nucleotide
10 contained in a nucleic acid. That is, for exanple, a control nucleic

c d i _ ‘ r examle, a co e
contai i ng DA P oR 1ApkaR BRRAR: SRR SR E AL RS aled BIBRERIEL
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pair 15 sdiretaing FuchmsaManSrarotein, (JRIEHE- 5085994yt Msitheptatpin and. t hymi ne
(T) (uracil i e, of A) is, pot_a normal bas air (a pair of A
td T or &9papo'dpbRRATNIRS beafeh thiphRe hOud b e RB BAFebfe m st ch
put _alsg ap:BtdihaGiHD) (WOO0RBEIYS lore HHHRECRGR il STALERGIIRAL QLG due
to an insertion and/or deletion of one base or a plurality of ases, and
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present invention,. the specgificity (&ﬁcuracy) can_be i nproved b% usi ng
such a mi shsi¥hapiisgagh hnding protein @heGainthet dln Gerele Angh, ddt 6800f t he

present in {0 1 h St l,ei.c_acid.contained in the nucleic
Bei d sanpl oy art R ok AR AP it PRI b B el Rl o
aci d sequemgsthatl dfidetdByiat & gﬁl(ﬁi-léﬂ)hisﬁlh{ﬁl§ 8GHANMASoI AF a)kspeOifica ehtide the
first primer or the sequence (CO contained in the second priner is

hi nder 8d f combained inaziugeicacihe That is, furodxeineplaca dpntol tileelest aetdl oop

structure i s hi.ndered from bei ng formed of the  sequence (B ). contained in
the first FYRYRPINERLIHELRNARG P L4t wls}%%ﬁﬁﬂ:h@%l BbesmsoBr R ducod
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hybri di zati on or mation of the's cture may no i hder ed
conpl et el yrédoghonien pastesn id missditedadegeindo sodbtecsAOudm@fch. het er odupl ex

structures are forned in these sequences. In the present
In the present invention, the term “mismatch” means that a base pair
15 selected from adenine (A), guanine (G), cytosine (C), and thymine (T) (uracil
(U) in the case of RNA) is not a normal base pair (a pair of A and T, or a pair
of G and C). The “mismatch” denotes not only one mismatch but also a
plurality of consecutive mismatches, mismatches that occur due to an
insertion and/or deletion of one base or a plurality of bases, and combinations
20  thereof.

In the mutation detection method according to the present invention,
the specificity {(accuracy) can be improved by using such a mismatch binding
protein. In the mutation detection method of the present invention, when
the test nucleic acid contained in the nucleic acid sample has a different

25  nucleotide from that of the target nucleic acid sequence at the mutation site,
the sequence (Ac’) contained in the first primer or the sequence (Cc")
contained in the second primer is hindered from hybridizing to the test
nucleic acid, or the stem-loop structure is hindered from being formed of the

sequence (B’) contained in the first primer. Thus no amplification product is

30 obtained or a reduced amount of amplification product is obtained. However,



invention, the term "heteroduplex structure" denotes substantially a 5
conpl enentary dupl ex structure. However, it also neans a duplex structure
cont ai ning a nonconpl ementary region due to one or a plurality of

m smat ches contai ned therein. Such a het$4 odupl ex structure results in a
fal se anplification product that should not be produced normally. Thus,
when a m smatch binding protein has been added to the reaction solution to
10 be used for the nucleic acid anplification reaction, this m smatch

bi ndi tein binds .t h a.het erodupl ex struct descri bed above,
whi ch pr evesidbEAERPE oF donaticn oEkRS slenelogR oRUGRPPARRY ASF Bt Cor.

Accor di ngl shindBfRhhRECI ol 8B LleRLAGN, AP hnkARRE P event ed

by using the m smatch bihding proteln. e m snat Ing protein to
be used i n heftergugdenstruntreet iaoa faaned be thee gokaces. t Hatthegaregnitzes a

m smatch in a doubl %éstran, ed nuclgc acid and can bind to the m smatch
site. It caRVER\AmthsHery: hetepodupiex stapchire” dapelesisnsmnntialy per son

it ede i o _ . D bi b .
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repl acenment, deletion, addition, and/or insertion of one or a plurality of
am no aci d$ismaiphemeonsainddithoegine ndsuds a hetgtoduplerestpuctiver meswss i ang as
it can recqQgnize a.msmatch jn e, douhl.e-stranded nucl ei c,.aci Such a
mutant may e SRURiREoP Fhedu iﬂ%?hq‘ﬁdmdoec@wﬁb‘@efgpemé&- hus,
artificial iyherMaRYi lﬂ'éom LRt il an
am no acid rruet at i olﬁﬁ?%?%%zn%?\gfpeﬂiaﬁéﬂ or exéﬁ%ﬁi%%{g%dnﬁ ngﬂgﬁﬂm&gmng
and J.1A\. Mecisetldbf tieAnatleidBiqd henplifiZifon 8dacti®92his hhenamhtnddidg K L.

Makamaye and F, Eck tein (Nucleic Adids Res., 14, 9679-9698, 1986), etc.
have been REJ&H 8 W@%’e%hﬁ%%ﬁ?%eﬁ’fé@?@reﬁ@d%@ﬁhﬁi abothavliehhod of 30 -

R T I e e
05,19, 300 Edaii e s Ay icheohoclt et aalpe 1L
bi ndi ng pr otiginagch binding protein.
15 The mismatch binding protein to be used in the present invention can
be any protein that recognizes a mismatch in a double-stranded nucleic acid
and can bind to the mismatch site. It can be any one of proteins that are
well-known to a person skilled in the art, for example. In addition, the
mismatch binding protein to be used in the present invention may be a
20  protein (mutant) that consists of an amino acid sequence that is obtained
through the replacement, deletion, addition, and/or insertion of one or a
plurality of amino acids in an amino acid sequence of a wild-type protein, as
long as it can recognize a mismatch in the double-stranded nucleic acid.
Such a mutant may be produced in nature but it also can be produced
25  artificially. Many methods have been known as a method of introducing an
amino acid mutation into a protein. For example, the method of W. P. Deng
and J. A. Nickoloff (Anal. Biochem., 200, 81, 1992), the method of K. L.
Makamaye and F. Eckstein {(Nucleic Adids Res., 14, 9679-9698, 1986), etc.

have been known as site-specific mutagenesis. Furthermore, the method of

30 using the E. coli XL.1-Red strain (Stratagene, Inc.) that is deficient in the



have been know including MutM MitS, anal ogs thereof, etc. (Radman, M et 5
al., Annu. Rev. Genet. 20:523-538 (1986); Radaman, M et al., Sci. Aner.,
August 1988, pp40.46; Mdrich, P., J. Biol. Chem 2646597-6600 (1989);
Lahue, R S. et al., Science 245160-164 43988); Jiricny, J. et al,. Nucl.
Acids Res. 16:7843-7853 (1988); Su, S. S. et al., J. Biol. Chem 263,
6829-6835 (1988); Lahue, R S. et al., Miutat. Res. 198:37-43 (1988);
Dohet, C et al., Ml. 10 Gen. Gent. 206:181-184 (1987); Jones, M et al.,

Gentics 115; - : f | nonek | a. typhi muri um. (L A L.,
Ganet | os LT URE AR YRk he Yibhofl  SRRATHY Mot SR sl
170197- 202 (9869, sfolPafompR (JJ. Bliagkt al.JBioTaRhR[UON 1, 46821907odh01&c( 1985) ;
and Priebe S. D. et al., J. Bacterilo. 170:190-196 (1988)). The m snatch

bi ndi ng pr diasierbaen eows @d randphremBagersant Mangmisomatich indirey piityinklt S,
Mut H, MutL,, or .one derived f,ro east nd is more preferably MitS, MitH,
or MitL. [PaYedeadiah dsiuding MRtM it Shanaiter rﬁp&%ﬁt-@éﬂ%ﬂ%ﬁ- Bfnd to

a singl g-stya q§g1 | BleGieRCIA DR faqa 4Tk 1S Nt C ndi ng
protein to a’% ng %?gﬁgg?ﬁﬁ%ﬁ,@éqgg?ﬁ F{é%a%%rgib{lée 13'/n’§;16;1'§|tqngr'é-stranded
20 nucl ei ¢ Aacgubktdiossi pp4pet dMadridigel. Bt rClreli 268660716600i (Ag8Protein is
used in the nutation detection nethod of the present invention, it i

t
or of er abl o Lahie & o b, Seicae2dbger b4 (LS Brivvnd s oveelbbcidsod
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i nhi bited when the m smatch binding protein is activated using an acti vator
bef or eh@nd Gett dbrdi RG6Y S 1198 gl cnesi Mhmt ., Blemdicad. 156056 10 (10& e

mut ati on detecti nmet hod of the present ipvention, it is preferahle to use
et hat - ARSI IR Gaimonbim L v b drengiris: Uigsade 808 (G485
single-str nuel ei o i.ndi RHOLH t:0 44
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nucl ei ¢ aBadtadsl. he320P7I9A 5 (1985); e Plick8 SMD . ich st hg. BatterByanpl es of

preferred SSB include Escherichia coli, Drosophila, a single-stranded
nucl ei ¢ acild0:190-196 (1988)). The mismatch binding protein to be used in the
15  present invention is preferably MutS, MutH, MutL, or one derived from yeast,
and is more preferably MutS, MutH, or MutL.
It has been known that a mismatch binding protein also may bind to
a single-stranded nucleic acid, and such binding of a mismatch binding
protein to a single-stranded nucleic acid is inhibited by a single-stranded
20 nucleic acid binding protein. Hence, when a mismatch binding protein is
used in the mutation detection method of the present invention, it is
preferable that a single-stranded nucleic acid binding protein be used
together. Furthermore, it also has been known that a mismatch binding
protein also may bind to a double-stranded nucleic acid containing no
25  mismatch, and such improper binding of a mismatch binding protein can be
inhibited when the mismatch binding protein is activated using an activator
beforehand. Accordingly, when using a mismatch binding protein in the
mutation detection method of the present invention, it is preferable to use one

that has been activated with an activator beforehand.

30 The single-stranded nucleic acid binding protein (SSB) to be used to



bi ndi ng protein from Xenopus | aevis, T4 Bacteriophage gene 32 protein, and
5 equi val ents thereof that are derived from other species. Exanples of the
m smat ch binding protein to be used in thjs case include MutS, MitH MitlL,
HexA, MSH 1-6, Rep3, RNaseA, uracil-DNA Ht ycosi dase, T4 endonucl ease VI I,
resol vase, etc. The m smatch binding protein is preferably MutS, MSH2,
MSH6, or a m xture of two or nore of them and is nore preferably MutS. 10
The activator to be used for activating a msnmatch binding protein can be
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a gene of er se Se tion
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det ect any MISH®, bpASmHR88s 8f 888 0P indrRQIfthPRS ahlddBndrR PrefasblYBRN&S.

Furthernore, accor di ng to the nucleic acid arrpl ification reaction to be
perf orhed usi ng dhsraatisaterto beveedfnpdtvathe pnesevtch hurdinggrotéin i s

p055|bletodter neth sence or a]lé) f a deletion,or, |nsert|on of
a sequenc&Phedeliriedp 38 Y}%a@%ﬁ% ’iﬁ"g ng'H qrﬁ agdr{&;@p%ﬁoge éﬁ:’P sarrpl e.
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associated w t deletion or i nsertion | cont S ned i the sequence
(A), sequefwder(dB)ne Sririfdegphncs, ADP (anrenbslrmd’ﬁidlpbmalnel ween the sequence
(A) and the sequence B% or bet vveen t he sequence Ai\/[ and t he sequence (O).
Thi s makesdHP gasanailadenosine 5- thiotriphosphate)), AMP-PNP (adenosine
15  5-[beta, gamma-imideltriphosphate), etc. or one of nucleotides that can bind
to a mismatch binding protein. A mismatch binding protein can be activated
by incubating the mismatch binding protein and an activator at room
temperature for several seconds to several minutes,
According to a preferred embodiment of the present invention, the
20  mutation detection method according to the present invention can be used to
check whether a specific gene has a mutation, in a test body that is suspected
of being suffered from a gene disease, or to check whether a gene of a patient
and a gene of a healthy person have the same base sequence. In the
mutation detection method according to the present invention, it is possible to
25  detect any mutations regardless of their positions in a test gene.
Furthermore, according to the nucleic acid amplification reaction to
be performed using a primer set according to the present invention, it is
possible to determine the presence or absence of a deletion or insertion of a

sequence 1n a nucleic acid sequence contained in a nucleic acid sample. For

30  this purpose, the primer set can be designed so that the site associated with a



determ ne the presence or absence of a deletion or insertion of a sequence
by 5 checking the presence or absence of an anplification product. Hence,
the present invention provides a nethod of determ ning the presence or
absence of a deletion or insertion of #&5%equence in a nucleic acid
sequence contained in a nucleic acid sanple. The nethod includes: (a) a
process of preparing a nucleic acid sanple; (b) a process of preparing a
prinmer set according to the 10 present invention that is designed so that a
nucl ei c acﬁ%kae uence ut .a se uenchgssociate with a
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(A), sequence (B), or sequence (C), or Is positlon sequence
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in the pr egié%égw t’?‘ﬁé’rﬁﬁﬁf}(‘@i @ ahsence afpdelaigmey Msertion pfarseguence by t he

del et T o5/ | QAL RIS EL MO MCES H08h AL AL uel VAHLEIpe e

using a priner s Sl a nucleic acrd Seqtience
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product af Péa defedinner Bisertien of arpehiencain amuckdc pridredquencatestainddkin
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15  and the sequence (C); and (¢) a process of performing a nucleic acid
amplification reaction in the presence of the nucleic acid sample using the
primer set.
In the deletion/insertion determination method of the present
invention, when using a primer set that is designed so that a nucleic acid
20  sequence containing a sequence associated with an aimed deletion or
insertion serves as a target nucleic acid sequence, the presence of an
amplification product after the nucleic acid amplification reaction indicates
the presence of the sequence associated with the deletion or insertion, while
the absence of or reduction in the amplification product indicates the absence
25  of the sequence associated with the deletion or insertion. On the other hand,
when using a primer set that is designed so that a nucleic acid sequence
containing no sequence associated with the aimed deletion or insertion serves
as a target nucleic acid sequence, the presence of an amplification product

after the nucleic acid amplification reaction indicates the absence of the

30  sequence associated with the deletion or insertion, while the absence of or



anplification product obtained as conpared to the amount of the 5
anplification product that is obtained when the target nucleic acid
sequence is present in the nucleic acid(ianple. Accordi ng to one

enbodi nent of the present invention, i n 4the process (b) of the

del etion/insertion determ nation nmethod according to the present

invention, a priner set is prepared that is designed so that the site
associated 10 with the deletion or insertion is contained in the sequence
(A). In thi E7bR Iﬂﬁﬁ% [ ' j

cont ai ned ﬁ%dﬁhe g%??%%€1a0| t%%ﬁ%%@ﬁﬁf&gﬂﬂﬁkgﬁﬁg?ﬁhé?iﬁﬁﬁggﬁ§e§§F%%%
sequence ( Assbciatdiewithudleadaledon dr angdriione atlh @hid @ael tienean@stbar eby an
anplification product is obtained. On the other hand, when a nucleic acid
sequence t hatdyadion infhegmplificaiompradueta dgaptesur reduction i awquehebthtue to
the deletion or-insertion is, contained in the nucleic acid sanple, it is
difficult FapPLficatien Eio‘g‘}‘ﬁt fRraipgd aérFHEH?alﬁéqPﬁge et R) in the
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product is obtained or a considerably reduced anount of anplification
product i s igpresemédn the efeleabhyid dshepleequence (Ac') 20 contained in the

first primer is sequence that is .conplenentary tq the K sequence (A).
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sequence (C).. In this enbodi nent, when the target nucleic acid sequence is

cont ai Hed mrth ke delgsios) ar iaspetiommptantained iwethersequennefAandeathdst o t he
sequence (C) ,in.the clejc.acid anpl.ification reactiagn,and. t hereby an
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product i sOBtBetedOBiths atbax bardawbpnranuelsis acid sequence that is different

15  from the target nucleic acid sequence due to the deletion or insertion is
contained in the nucleic acid sample, it is difficult for the first primer to
anneal to the sequence (A) in the nucleic acid amplification reaction. Hence,
in this case, no amplification product is obtained or a considerably reduced
amount of amplification product is obtained. Preferably, the sequence (Ac’)

20  contained in the first primer is a sequence that is complementary to the
sequence (A).

According to another embodiment of the present invention, in the
process {(b) of the deletion/insertion determination method according to the
present invention, a primer set is prepared that is designed so that the site

25  associated with the deletion or insertion is contained in the sequence (C), In
this embodiment, when the target nucleic acid sequence is contained in the
nucleic acid sample, the second primer anneals to the sequence (C) in the
nucleic acid amplification reaction and thereby an amplification product is
obtained. On the other hand, when a nucleic acid sequence that is different

30  from the target nucleic acid sequence due to the deletion or insertion is



anount of anplification product is obtained. Preferably, the sequence (Cc')
5 contained in the second priner is a sequence that is conplenentary to the
sequence (C). According to another enbodi nent of the present invention, in
the process (b) of the deletion/i nserti‘h deternination method accor di ng
to the present invention, a prinmer set is prepared that is designed so
that the site 10 associated with the deletion or insertion is contained in
t he sequence (B). In this enbodiment, when the target nucleic acid

sequence i s i in.t nucl ei ¢, aci d I ter the firs ri mer
SraeleC o tonAbBh EdnEhudde BRI § RERNE otk Sool P Pl (T
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In this enbodi nent, when the target nucleic acid

hybridizes to a sequence (Bc) located on the extended strand and thereby a

15  stem-loop structure is formed efficiently in the nucleic acid amplification
reaction. This efficient formation of the stem-loop structure allows another
first primer to anneal to the template. Accordingly, the action mechanism
shown in FIG. 1 proceeds efficiently and thereby an amplification product is
obtained. On the other hand, when a nucleic acid sequence that is different

20  from the target nucleic acid sequence due to the deletion or insertion is
contained in the nucleic acid sample, it is difficult to form the
above-mentioned stem-loop structure in the nucleic acid amplification
reaction. Thus, the action mechanism shown in FIG. 1 is hindered. Asa
result, no amplification product is obtained or a considerably reduced amount

25  of amplification product is obtained. The details are as described above with
respect to the mutation detection method of the present invention.
Preferably, the sequence (B’) contained in the first primer is a sequence
identical to the sequence (B),

According to a preferred embodiment of the present invention, in the

30  process (b) of the deletion/insertion determination method according to the



sequence is contained in the nucleic acid sanple, after the first priner 5
anneal s to the sequence (A) to cause an extension reaction, the seqguence
(B') that is contained in the priner hybridizes to the sequence (Be)

| ocated on the extended strand and ther&by a stem|oop structure is fornmed
efficiently in the nucleic acid anplification reaction. This efficient
formation of the stemloop structure allows another first prinmer to anneal
to the tenplate. Accordingly, 10 the action nmechanismshown in FIG 1
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mechani sm shown in FIG 1 proceeds efficiently and thereby an
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15 amplification reaction since the distance maintained between the sequence
(B) that is contained in the first primer and the sequence (Bc) located on the
extended strand is not adequate. Thus, in this case, the action mechanism
shown in FIG. 1 is hindered. As a result, no amplification product is
obtained or a considerably reduced amount of amplification product is

20  obtained.

According to another embodiment of the present invention, in the
process (b) of the deletion/insertion determination method according to the
present invention, a primer set is prepared that is designed so that the site
associated with the deletion or insertion is positioned between the sequence

25  (A) and the sequence (C). In this embodiment, when the target nucleic acid
sequence is contained in the nucleic acid sample, after the first primer
anneals to the sequence (A) to cause an extension reaction, the sequence (B?)
that is contained in the primer hybridizes to the sequence (Bc) located on the
extended strand and thereby a stem-loop structure is formed efficiently in the

30 nucleic acid amplification reaction. This efficient formation of the stem-loop



sequence that is different fromthe target nucleic acid sequence due to the
5 deletion or insertion is contained in the nucleic acid sanple, no
anplification product is obtained or a considerably reduced anmount of
amplification product is obtained. For 4hstance, when the nucleic acid
sanple contains a nucleic acid sequence that is different fromthe target
nucl ei ¢ acid sequence due to the insertion of a |ong sequence between the
sequence (A) and the 10 sequence (C), the rate (efficiency) of nucleic acid
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15 sequence between the sequence (A) and the sequence (C) and when a part or
the whole of the sequence (B) has been lost due to the deletion, the sequence
(B) contained in the first primer cannot hybridize onto the extended strand.
Accordingly, a stem-loop structure cannot be formed or is difficult to form.
Thus, the action mechanism shown in FIG. 1 is hindered. As a result, no

20  amplification product is obtained or a considerably reduced amount of
amplification product is obtained. Moreover, when the nucleic acid sample
contains a nucleic acid sequence that is different from the target nucleic acid
sequence due to the deletion of a sequence between the sequence (A) and the
sequence (C) and even when no partial deletion of the sequence (B) is caused

25 by the deletion, the rate (efficiency) of nucleic acid amplification decreases.
As a result, no amplification product is obtained or a considerably reduced
amount of amplification product is obtained.

In the deletion/insertion determination method of the present

invention, DNA and RNA each can be used as a target nucleic acid sequence.

30  Examples of RNA include mRNA, spliced RNA, unspliced RNA as well as all



reconbi ned DNA sequences. Currently, reconbination of sequences of 5
various genes or nucleic acid fragnents has been nmade possi bl e. According
to the deletion/insertion determ nation nethod of the present invention, it
al so is possible to detect non-natural ¥t onmbi nant sequences. According to
a preferred enbodi ment of the present invention, the sequence associ ated
with the above-nentioned deletion or insertion is an 10 intronic sequence
that is contained in a gene on a genone of a eukaryote. In this case, when
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absent, it can be determined that mRNA of the target gene is present, that is,

15  the target gene has been expressed. According to a further preferred
embodiment of the present invention, the target nucleic acid sequence is
mRNA.

The following detailed description is made with respect to an

embodiment in which a primer set is used that is designed so that mRNA

20  (with an intron having been deleted) of the target gene serves as a target
nucleic acid sequence, and the site associated with the deletion of the intronic
sequence is positioned between the sequence (A) and the sequence (B). In
this embodiment, first, the sequence (Ac) that is present at the 3’ end of the
first primer anneals to the template to cause an extension reaction. Further,

25  only when a target region has been synthesized in the product obtained by
the extension reaction caused by the primer, can the sequence (B) that is
present at the 5’ end of the primer hybridize to the sequence (Be)
corresponding to exon located next thereto on a self-extension product. That
is, it 1s not until the target region of mRNA having a sequence with two exons

30  joined sequentially is synthesized in the extension reaction product that the



by the 5 end portion of this first primer is repeated efficiently when the
5 sequence (A) and the sequence (B) located on the tenplate exist at a
suitable interval. Accordingly, when onlg usi ng MRNA cont ai ni ng no
intronic sequence as a tenplate, anplifikation occurs, while no
anplification occurs in genomc DNA that contains an intronic sequence.
When this reaction is repeated isothermally, the target nucleic acid can
be anmplified accurately and 10 the forrration of the stemloop structure is
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anplify a target nRNA alone and quantitatively determne it However,
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principle makes it ~~possi process o ainin

conpl i cat edntdrivak- cCORDUMNHY, @Nﬁﬁ@nm@ﬁhgﬁﬂRNﬁpc&ﬁﬁgﬂM@&ﬁ) i?l‘dfom@nt ai ned in
a test sanple. Hence, 20 spontaneous decay of NMRNA can be reduced and

t her eby qu@ﬁ@enm ptemplate, smpdifinationsadeuss, ovidmosissnphfictiéon opee ted. | n
order to carr cleic acid Lification tion
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25 Accordingly, a kit of e present 1 nvention I ncludes a priner set of the

preseniO i nhe m’dmmantloﬁ loé theleteah doge bt vatplel ibireptaied arubadly fut etdrgrycle.

detection n&@ or tion/insertion determnation nmethod accordjng to
t he present ereet %‘éﬂgelﬁrﬁ%@gﬁ}%@@ beapgdifiad aeguaatedyi desexample. t han

those inc 31{1 rdln }ﬁothe resent i.nventi o
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kit of thevbgy dﬁﬁ@ﬁthb drAYERL & 9Ar g@z%m@& atdiel é&‘i’& qaaym@aw@ﬁr FEPRnaNits
other than those included in the prinmer set of the present invention. Wen
at | east oﬁfpwemelr,nﬁnw tied deletionrinshetign dewrmssttioh maghqor efStdwetpricaent i on
cont ai a.sit ﬁl
inven 1on as very high specificity, nonspecific amplification does not occur
and thereby the target mRNA alone can be amplified specifically, which also
improves the quantitativity thereof. Furthermore, this principle makes it
possible to omit a process of obtaining RNA by a complicated, time-consuming
DNase treatment to decompose DNA contained in a test sample. Hence,
20  spontaneous decay of mRNA can be reduced and thereby quicker qualitative
or quantitative diagnosis can be conducted.
In order to carry out the nucleic acid amplification method, mutation
detection method, or deletion/insertion determination method according to
the present invention, necessary reagents can be put together into a kit.
25  Accordingly, a kit of the present invention includes a primer set of the present
mvention. The nucleic acid amplification method, mutation detection
method, or deletion/insertion determination method according to the present
mmvention has an advantage in requiring no primers other than those

included in the primer set according to the present invention. Hence,

30  according to a preferred embodiment of the present invention, the kit of the



can bind to a solid-phase support, it is preferable that the kit of the
present 5 invention further include the solid-phase support. Simlarly in
the case where the substrate to be used for the nucleic acid anplification
reaction contains a site that can bind %% a sol i d- phase support, it is
preferable that the kit of the present invention further include the

sol i d- phase support. The kit of the present invention further may incl ude
t he above-nenti oned reagents 10 such as DNA pol ynerase, dNTP, a buffer

sol uti on, ﬁp&sﬁe%tﬁigggﬁﬁsh%egﬁtﬁggﬁ%}lgggﬁxmw%%&&@oﬂgﬂgé%hgman%ﬁg@g di ng

to a preferre I nent o rnventi o apove-nenti oned

kit includdacladediii®he peimaesey 6l the fr@séMeinReasion! WiKenht Mhstand a
reaction vessel containi nghot her reagents that are necessary for the 15
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nucleic acid sanple into the reaction vessel and naintal'ning the reaction
vessel at avidGechasubstratetpbe aked dor tenudtbid wad angplefi@itioreredctiohuded i n

the primer set . contains a sqlid-phase support, the solid-phase suggéjrt
aggr egat es CaRtaipg a Whenkhatican kinddn swsplid phesa sergst.odde prefsrahlo dhakthe

Accor di ngl y; [ . ansparnent. o ransl wcent reaction vassel, this
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Hence, in bhtlke pasent ibverAH fithad HRIY 2Rl RO bRRAAMBALIEAEEGE Sk t hout
opening the reaction vessel. Thus, the operation is sinple and easy and in
addi ti bh, sheh pad)¥A@dndrasepdNTR at boffer golotions eics, preactivned:skelpambei ng
contam nated with other sanples. A second aspect of the present invention
provi des a'MHHGPHRA e‘%@i ning the presence or absence of a mutation in

des atEt _ ning the pre r abse
per T orm ng o nucl o 2 s P AR ear ks LG RAR A TN e . i g

reagent thabocausesiched ldotitddvs bhrambeapl aicordidgpRnticnNgeeent ifrepti@aence
or absence of a mutation in the tenplate, in the presence of a substance
havi ng ni sf#afénreastiogriessdironbaining othrithreagents that are necessary for the

15  nucleic acid amplification reaction. Examples of other reagents include the
aforementioned reagents such as a DNA polymerase, dNTP, a buffer solution,
etc. The use of such a kit makes it possible to perform the nucleic acid
amplification reaction merely by adding a template nucleic acid or a nucleic
acid sample into the reaction vessel and maintaining the reaction vessel at a

20  constant temperature. When at least one primer included in the primer set
contains a solid-phase support, the solid-phase support aggregates at the
same time as an amplification product is produced. Accordingly, when using
a transparent or translucent reaction vessel, this aggregation can be observed
from the outside of the reaction vessel. Hence, in this case, the amplification

25 product can be detected without opening the reaction vessel. Thus, the
operation is simple and easy and in addition, the nucleic acid amplification
product is prevented from being contaminated with other samples.

A second aspect of the present invention provides a method of
determining the presence or absence of a mutation in a nucleic acid sequence

30  contained in a nucleic acid sample by performing a nucleic acid amplification



m smat ch binding protein. The term"nutation" that is used in this aspect 5
enconpasses all the substitution, deletion, and insertion of at |east one
nucl eotide. In the present specification, the "substance having m smatch
recognition ability" denotes a substance53t hat binds to a m smatch site or
cl eaves the site when a msmatch is contained in a doubl e-stranded nucleic
10 acid. In the nucleic acid anplification reaction to be perforned using a
primer and DNA pol ynerase, if a doubl e-stranded region exists in which a

A L R e T S

deconposed RyenRdiMiesn 8hs bradtthed %k ebdesld sOMibatPhl ifBthe t@agil8sk, ihehe. 15
Accordi ngly, the prinmer extension reaction stops there and thus no

anpl i fi cat ilBAsereedict swhatanes bhvisignathmsichi tegpgyitionhadilitheuclanget nucl ei c
acid sequence coniai.ned in the t |l ate s cleaved in the nucleic acjd
Sl 1 at BT ARG | LA Oh BIGHGRR (4 b oGO Rh hBESOPae
subst ange RV i ¢t BTty 4 st ance
That 20751 nao R erB th RREHIAE A hd AoBFELELERL leaRy SHOT. 2
conpound, amcldot@legani ¢ conpound, a protein, or a conplex thereof but

particularly preferably is a msmatch bi ndibr%g protein that binds to a
nmi smat ch porti onIn thegweset suesifiration shefsuhsdaneshaviow wismaaked protein are

d ib he - m h bi ndi in .ef bl . , ,
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KG, Welsh K, Mdrich P., J. Biol. Chem 267, 12142-12148, 1992; and Al an
B. d at®k, Aewhk Invhielryclédardcnd BoptlfehtmnreaRinaltd be pe@immedinsingromas A

Kunkel , J. Biol. 275, 36498:36501, 2000)..The m smatch hi.ndi ng
protein vaPFEeey %ﬂfgﬁpﬁ Lo Ffi%aoﬁélﬁéfﬂ'ﬂ?ﬂ edheqing e&%ﬁé@ﬁ‘@aﬁ Body of
its origin : i .0t i | e
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t hermophi li.c bacterium can be used suitably in the present invention.
decomposed even when a strand extendedy from the primer reaches there.

15  Accordingly, the primer extension reaction stops there and thus no
amplification product can be obtained. Similarly, when the target nucleic
acid sequence contained in the template is cleaved in the nucleic acid
amplification reaction, no amplification product can be obtained. The
substance having mismatch recognition ability is preferably a substance that

20  binds to a mismatch portion. The substance can be an organic compound, an
inorganic compound, a protein, or a complex thereof but particularly
preferably is a mismatch binding protein that binds to a mismatch portion.
Although the details of the mismatch binding protein are as described above,
the mismatch binding protein is preferably MutS, MSH2, MSHS, or a

25  mixture of two or more of them and is more preferably MutS (J Smith and P
Modrich, Proc. Natl. Acad. Sci. USA. 93, 4374-4379, 1996; Au KG, Welsh K,
Modrich P, J. Biol. Chem. 267, 12142-12148, 1992; and Alan B. Clark, Frank
Valle, Karin Drotschmann, Ronald K. Gary, and Thomas A. Kunkel, J. Biol.
Chem. 275, 36498-36501, 2000). The mismatch binding protein varies in

30  thermostability, depending on the biological body of its origin. Any person



The above-nentioned nucleic acid anplification reaction is perfornmed by the
nucl eic acid anplification nethod according to the present invention.
According to one enbodi nent, the nutation detection nethod of the second
aspect of the present invention includes the follow ng processes: (a) a
process of preparing a nucleic acid sarfgl e; (b) a process of preparing a
primer set according to the present invention that allows a target nucleic
aci d sequence containing a site associated with a nutation to be

anplifiegd, rgi.n.the pnimer s i s..desi gned,so .t hat when .at | t one

o mer St Bered fih BT B RytsRRsHE00E b MiRaRls 88 uence
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thereto, at |east one m smatch occurs between the priner and'the nucleic
aci d seqimned foomtthermopiplie raoteaiuyn sagbensed finerbdy on thadppeadtiingeiont. he
presence or absence of the nutation; and (c) a process of performng a
nucl eic acid anplification reaction in the presence of a substance having

m smat ch recaogni ti on abil.it usi ng t.he pridrer. set in which_.he ucl ei c
R d- sampl o s i Mhlinhdd atigeladid SRR Fendan S oiied B ha
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enpl oyed. Particularly, it is preferable that the prinmer set allowthe
target nucleic acid sequence to be anplified 5 isothermally. In that case,

t he nucl ei c ab¢eprding ofanssgmbedineand thometatiop detqssiononetsadicddhtresaead y. The

at | east on 1. smat ch descrj.bed gbove.c be.a msmatch of one base, a
pl ural i t@p%?et %&ﬁ%@ﬁ%ﬁepb@vﬁf“g%f@ﬂ‘é&s @Pafguﬁwm%pchfs%ﬂsz nonconsecuti ve

m smatcQ?ﬁ%pg@ggggb%ﬁg@ﬁdgk%@&F%&E@tches can be any nunber 10 as

| ong as uclerc acids €’ hybridi zed can be nmaintained in

a doubl gbsh paceed oS pad mgqp 1fHeR gk tacchbREn IR kheipraRuRbiak ex@oh efat adengndi ng
on the 6rgu)r;}ber of nul(i:DI e}%ti esp{o be paired gﬁérgoug hybri di zation, but is

pr ef er alténgebnielswsacidsequance fcontibhipg® Hitesasociatel Withtamutasiosf tertebl y 2
bases. amplified,
wherein the primer set is designed so that when at least one primer included in the
primer set hybridizes to a nucleic acid sequence contained in the nucleic acid sample
or the complementary sequence thereto, at least one mismatch occurs between the
primer and the nucleic acid sequence or the complementary sequence thereto,
depending on the presence or absence of the mutation; and
(c) a process of performing a nucleic acid amplification reaction in the presence of a
substance having mismatch recognition ability, using the primer set in which the

nucleic acid sample serves as a template.



15 The above-nentioned priner that causes a m smatch depending on the
presence or absence of a nutation can be designed suitably by any person
skilled in the art through the conparison between a target nucleic acid
sequence containing a nutation to be det®rted and a target nucleic acid
sequence that does not contain the nutation. That is, the prinmer is
designed 20 so as to hybridize to a region containing a nucleotide that is
di fferent between the above-nentioned two target nucleic acid sequences.

In that case, wh e prinmer is designed.s to contain a.seguence that
i s conpl enent ar y%f}be gﬁ%veep?ﬁ&@f‘eﬁd’&f’a?gs g?@%sé%%ga%ﬁf’éﬁc%lﬁagﬁhe
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hand, when the prinmer is 25 designed sO as to contain a sequence that is
conpl enent acyd amplifeatmngatthatue lsd empdoykds e Reticalarbytit tomefaobletnttai n
the nmutati Oﬂ, t he reseITce ﬁf t he r“rgéﬁati on causes a msmatch. According to
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t he sequence (AC'T), d&pendi ng on the presence or absence of the nutation.

This first prinedhs goleaahomremisviageie desuihdthabarte damayt a emiemmtshaf ohe occur s

bet ween th equence,.(Be) and the sequenc B' ), dependi on the presence
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second pri pgEnidtehédedryd fhatt‘ u%??i‘(&ﬁﬁ‘&”&ft@l%%ﬂis‘%éﬂ%ﬁés o&h bk ntl%ﬁ%?”d

prinmer that is included In e priner set of t present 1 nv

described abdueg aFhws sseohdfpridec actdntdiee Hebridived can hdaaiataihehsi one
m smat ch occurs_between the se%nce 10 (DC) and the sequence (CO, depending
on the pred lgptrapded stater  ieordipely the maxsvrminignber vatdeher preferred

om0 ! b e bRl b5 b B PR R 7
third prinput &aprdfer(asi5aneds SPore preferably 3 bases, and further preferably 2
bases.

15 The above-mentioned primer that causes a mismatch depending on
the presence or absence of a mutation can be designed suitably by any person
skilled in the art through the comparison between a target nucleic acid
sequence conftaining a mutation to be detected and a target nucleic acid
sequence that does not contain the mutation. That is, the primer is designed

20  so0 as to hybridize to a region containing a nucleotide that is different between
the above-mentioned two target nucleic acid sequences. In that case, when
the primer is designed so as to contain a sequence that is complementary to
the target nucleic acid sequence containing the mutation, the absence of the
mutation causes a mismatch. On the other hand, when the primer is

25  designed so as to contain a sequence that is complementary to the target
nucleic acid sequence that does not contain the mutation, the presence of the
mutation causes a mismatch.

According to a preferred embodiment, a first primer included in the
above-mentioned primer set is the first primer that is included in the primer

30  set of the present invention described above. This first primer can be



15 that when the third primer hybridizes to the nucleic acid sequence
contained in the nucleic acid sanple or the conplenentary sequence
thereto, at least one m smatch occurs between the third primer and the
nucl eic acid sequence or the conplenenﬁgiy sequence thereto, depending on
the presence or absence of the nutation. 20 Other conditions for the
above-nentioned nucleic acid anplification reaction can be determned in
the sane manner as in the nucleic acid anplification nethod of the present

i nvention. | NS - h ve: pentioned nucl gi c aci d ification
onot on, - (4o SleledoR S e Phd e ARG TR LR B BlelnBBkBe TRl MY
strand di sphacefeshcealid)l HypdHediugenh theopidEARES BB Rnch BE tlad ekl oned
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using the _SFWﬁ%ﬁ%amﬁf} SharenueRrend & SGReRdng AhEOPESERES of a
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acid sanpl e, can be judged that the nutation is present when
no anplificati onAuosling teasotidiopredekre Do nihelinlcher a bedwthd pligrrdacluded
anplification product was obtained using the priner that allows a m snmatch
to be caus&dthyabpee-mpeydinnedoprimensests the sqcond avimer thafdganciused iphe
nmutation i resent i.nthe nuclei.c acj.d s |. ile i, .can be,judged
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second aspect of the present invention according to this enbodl nent,
necessHly (Ehaedthe caquerne (Sic), demmtdiep dnnthe @rekénce dlemlsencebéthé t i ncl udes
t he substance having m smatch recognition ability and the prinmer set.

Pr ef er abl y,m‘ftlgi‘émli’i't further includes the above- nentioned pol ynerase havi ng

strand di spl ace L ! . i i_ngl: thear
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an instruction manual, etc.
present invention described above. This third primer can be designed so

15  that when the third primer hybridizes to the nucleic acid sequence contained
in the nucleic acid sample or the complementary sequence thereto, at least
one mismatch occurs between the third primer and the nucleic acid sequence
or the complementary sequence thereto, depending on the presence or
absence of the mutation.

20 Other conditions for the above-mentioned nucleic acid amplification
reaction can be determined in the same manner as in the nucleic acid
amplification method of the present invention. For instance, in the
above-mentioned nucleic acid amplification reaction, it is preferable that the
aforementioned polymerase having strand displacement ability be used.

25  Furthermore, the aforementioned melting temperature adjusting agent,
enzyme stabilizing agent, etc. may be used, if necessary.

As a result of performing the mutation detection method according to
this embodiment, when an amplification product was obtained using the

primer that allows a mismatch to be caused by the presence of a mutation, it

30  can be judged that the mutation is absent in the nucleic acid sample, while it



[0119] According to another enbodi nent, the nutation detection nethod
according to the second aspect of the present invention includes the
foll ow ng processes: (a) a process of preparing a nucleic acid sanple; (b)
a process of preparing a prinmer set ac%grding to the present invention that
allows a target nucleic acid sequence-containing a site associated with a
mutation to be anplified; (c) a process of preparing a nucleic acid
fragment that hybridizes to the target nucleic acid sequence and that is
desi gned so than bﬁngdgcdnéiamﬂm miutatini i$ ﬁrcsagamwhenhymmph%estiom pragdugtiniagi c
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aci d fr dgatetht mutatiog it flesept iMiten neetmphfivdtichptddachwes ebtiiaed.d sanpl e serves
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further preferably 2 10 bases. The above-nenti oned nucleic acid fragment
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agent, reagents such as ANTP, a buffer solution, etc., a reaction vessel, an instruction
manual, etc.
[0119]
According to another embodiment, the mutation detection method according to
the second aspect of the present invention includes the following processes:
(a) a process of preparing a nucleic acid sample;
(b) a process of preparing a primer set according to the present invention that allows a
target nucleic acid sequence containing a site associated with a mutation to be
amplified;
(c) a process of preparing a nucleic acid fragment that hybridizes to the target nucleic
acid sequence and that is designed so that when the nucleic acid fragment hybridizes
to a nucleic acid sequence contained in the nucleic acid sample or a complementary
sequence thereto, at least one mismatch occurs between the nucleic acid fragment and
the nucleic acid sequence or the complementary sequence thereto, depending on the
presence or absence of the mutation; and
(d) a process of performing a nucleic acid amplification reaction in the presence of a

substance having mismatch recognition ability and the nucleic



nucleic acid fragment is designed so as to hybridize to a region containing
a nucleotide that is different between the above-nentioned two target
nucleic acid sequences. In that case, when the nucleic acid fragnent is
designed so as to contain a sequence th#l is conplenentary to the target
nucl eic acid 20 sequence containing the nutation, the absence of the

mut ati on causes a msmatch. On the other hand, when the nucleic acid
fragnent is designed so as to contain a sequence that is conplenentary to
t he target nu(ﬁl eic acid .sergij?enpe thag.do s j,not contain the nutation, the
presence of*FhEARRERY Ghingthegudmer st im idich Ble nugle afidisample $ervesynent
can be any d(}“ﬂt@rhﬁlz&&i d fragnent as long as it hybridizes to a target

nucl eic acid sequence at a tenperature to be enployed for the nucleic acid
anplification redkdid anleakdonexasplagch desdigibalbd sy @ri be bhaishaagh offond0C to
80C. The strand I ength of the nucleic acid fragnent is not particularly
limted buthdss ppbualiyof censesusive maismeatchasor3ophmalin pEnppemseamtive 15 t o
25 nucl got i n eic acid fra nt. can 59 nt ai n,nodi fied.bases
(bases. Bhaciiinaes i Toe pinfifie b bt (R Gutimg bt 3B ibr ity RS

nucl ei ¢ aciz IbhaaERAo FBINELH MhdleR dcadeto BS hgﬁriaﬁeld\/&a_n B BHAnBHGRdd8 an

am no group at one or both of its ends. The above-nentioned priner set that
al l ows a t ardmthlesttagidedatote. SAcegdiengte the nhexianphifumeberaaribe desi gned

suitably acgcording to the nycleic cid anplificatjaon nmethod to be

enpl oyed. Sepepdinge {he PPmLi%el';ﬁaféw egfidesitpde paippd 11%*@5\ @g{ruﬁi%wla
target nuchgjc i, Hehee  t LA i SO r . case,

t he nucl ei (}:ﬁgg? 39%%%?% catsl%gh&rogg ? ?%ké%fgﬁgB%ée%pépﬁ ofg?f‘l’eﬂ(?f i%ﬁgﬁ%‘tgp%?l y. 10
Accor difig bases.preferred enbodinment, a first priner included in the

above-nentioned prinmer set is the first prinmer that is included in the
primer set of tHA&ephoyermentioned nvnladeseid fyagmabbikat seasesdi msmatdnot her

f d nbodi t d i included,.in th - t d
b rer - set AEEPSmE QLR At pF Fhaoe sl BN GauE chhec TR ERET SLutPT ¢ ne
present i ”%?ﬁ]ﬂg%bréén 4RI REhARRVBroASE PR LHB phPisB hiDtwdBRLNERgRY €f erred

enbodi nent , ‘
nucleic acid sequence containing a mutation to be detected and a target

15  nucleic acid sequence that does not contain the mutation. That is, the
nucleic acid fragment is designed so as to hybridize to a region containing a
nucleotide that is different between the above -mentioned two target nucleic
acid sequences. In that case, when the nucleic acid fragment is designed so
as to contain a sequence that is complementary to the target nucleic acid

20  sequence containing the mutation, the absence of the mutation causes a
mismatch. On the other hand, when the nucleic acid fragment is designed
80 as to contain a sequence that is complementary to the target nucleic acid
sequence that does not contain the mutation, the presence of the mutation
causes a mismatch.

25 The nucleic acid fragment can be any nucleic acid fragment as long as
it hybridizes to a target nucleic acid sequence at a temperature to be
employed for the nucleic acid amplification reaction, for example, a
temperature in the range of 20°C to 80°C. The strand length of the nucleic
acid fragment is not particularly limited but is preferably 5 to 40 nucleotides

30  and more preferably 15 to 25 nucleotides. The nucleic acid fragment can



prinmer set further includes the third prinmer that nmay be included in the
primer set of the present invention described above. O her conditions for
t he above-nentioned nucleic acid anplification reaction can be determ ned
in the same manner as in the nucleic aci® 20 anplification nmethod of the
present invention. For instance, in the above-nentioned nucleic acid
anplification reaction, it is preferable that the aforenentioned

pol ymerase having strand di spl acenent ability be used. Furthernore, the

af orenmenti oned .nel t i.ng ,t.enperat ur e, adj,ust i ng. agent , zyne stabilizing
Sgent " et o oMb Eg S (Bt duAlho 3ot A 35 e FRe RS ng t ne
nut ati on dghgehieRu TR tROduaRSOLENBatBent S &AM HBAbe] WBDasve
anplification product was obtalned using thé nuclelic acid fragnment that
al | ows a nmigrowp shch asba amisegrdyp dhenpoebeticef 0§ endsnutation, it can be

judged that the nutation is absent in the nucleic acid sanp]e, ile it
can be judged thdtheiahRoveimantighed @rpeiseaiithafaloms %@)ﬁr&ﬁﬁlniupleé%ﬂ? n product

bt i . . . _ RS q
obtarnel ueriaTbetsoh Ot pliagain MOERIBR FRuie AR 4 CLEAYN RERES T2
caused by tbRl ahpeRestioh naeﬂnadaﬁoimx\%hloy@an P riiddRed, it Rajrefi@blastlaiti on is

present in the nucleic acid sanple, while it can be judged that the
mut at i on i $hebgiemer starilavo adapgetinedeicaripserimtceiadecbnplifed. 5 I n order

(o 2y o LI Tt on, SSLoEt o, TN, Bl hoR, 0 seropd ooect
aving i sReCRa e e 1 Ty, the primer Set. and the nuclelc acid
fragmend. Preferabbyrdihfeo kiprefanitdembodimedesa fihet ginehaneludedtindhed
pol ymerase having strand di spl acenent ability. Mreover, the kit may
i ncl ude t hebapsyentionedondmensret ingha Brsaranar thabijsdeclulpd Bgdeprivntyme
R T MR e e
present i n¥giboliARehs Le&ehiRAIMbYIAAGHed Mn €BE abbvéshdiftioned primer set is
the second primer that is included in the primer set of the present invention
15  described above. According to still another preferred embodiment, the
primer set further includes the third primer that may be included in the
primer set of the present invention described above.
Other conditions for the above-mentioned nucleic acid amplification
reaction can be determined in the same manner as in the nucleic acid
20  amplification method of the present invention. For instance, in the
above-mentioned nucleic acid amplification reaction, it is preferable that the
aforementioned polymerase having strand displacement ability be used.
Furthermore, the aforementioned melting temperature adjusting agent,
enzyme stabilizing agent, etc. may be used, if necessary.
25 As a result of performing the mutation detection method according to
this embodiment, when an amplification product was obtained using the
nucleic acid fragment that allows a mismatch to be caused by the presence of
a mutation, it can be judged that the mutation is absent in the nucleic acid

sample, while it can be judged that the mutation is present when no

30 amplification product was obtained. On the other hand, when an



exanpl es. However, the scope of the present invention is not limted to the
exanpl es. Exanple 1: Anplification of Target Nucleic Acid Sequence
contained in Human STS DYS237 Gene 20 In this exanple, Human Genomi c DNA
(manuf actured by O ontech) was used as @ tenplate, and a target nucleic
acid sequence in the human STS DYS237 gene contai ned therein was
anplified. A prinmer pair having the sequences described bel ow was used as
priners. The positional relationship of each priner region to the tenplate

was set a h i.n FIG, 4 (SEQ,ID. 25 NO . A farwar rimer Fl, i

dosi gned- s S Pettion bt SRRHIGIE L hog the i ie S FREHER tBhb Sequence
(22 mer: t h@owRdeblisMAEcPed bé @Ahsdd18Y the abbfRldtth Rfuthiidn3it BRDSHEGed
anneals to the tenplate, while the sequence (16 nmer: the portion other

t han t he urtbet theeditptionhiiopyeddmtinithe meitiedcohsdmpld; ' wlahdit cainde jusighdl ded

in that regjon.. Areverse priner R is designed so that the 30 sequence (20
ner: the u%lﬂ%? the,mptaepie Apseniay hey qoo%rgp@gcgﬂoptpgo@ucte\ﬁas Qb’é?én%‘g' anneal s
toth | at e, i \ i I :
the pordion ot hert e L& S PHb SRl SASHiB mdBRATRINGRAS o Hie T

end side hybédrll Zgsect of tREpFRGNO InwdBidd Aok dB1B dotHigspbodawast,r eam of
residues |located at the 3' end of the primer on the strand extended by the

5 primer. DReesary PedgentricanGeATXTAEARTATCCAGIGAABANAT cheAdnimdwds s SEQ | D

NO 1); a R, GCAGCATCACCAA GCACTGAGTA. (S | D NO ) A

react i Z)n sg‘q‘ﬁ?P%taﬁ%%“%g}lﬁ@afﬁﬁl'ef(i?gflg\’/@’hgggﬁéfpgg Qﬁlgﬁr\ﬁﬁé)a'ﬁfgﬁar ed:
Tris-HCL(2 ; . ; f sS4 (8 ,
OvB0 (3% - BTt Bmey By R A s e L mer b7 ¢ he
above-hent aboed npmiticaredpgolymeaate hptaigestt 400 divgylacanent AGilitRs t Moiklover,

pol ymer ase (NEW ENGLAND Bi oLabs). This was incubated 15 at 6QC for one
hour. The tRerBramayvaslude tbaeadpove mendensthmedtipgitagperature adjusting

agent, enzyme stabilizing agent, reagents such as dNTP, a buffer solution,

etc., a reaction vessel, an instruction manual, etc.

EXAMPLES

15 Hereinafter, the present invention is described further in detail using
examples. However, the scope of the present invention is not limited to the
examples.
Example 1: Amplification of Target Nucleic Acid Sequence contained in
Human STS DYS237 Gene

20 In this example, Human Genomic DNA (manufactured by Clontech)

was used as a template, and a target nucleic acid sequence in the human STS
DYS237 gene contained therein was amplified. A primer pair having the
sequences described below was used as primers. The positional relationship
of each primer region to the template was set as shown in FIG. 4 (SEQ ID

25 NO:6). A forward primer F1 is designed so as to have the structure shown
in FIG. 2 in which the sequence (22 mer: the underlined portion) that is
located on its 3’ end side anneals to the template, while the sequence (16 mer:
the portion other than the underlined portion) that is located on the 5 end
side 1s folded in that region. A reverse primer R1 is designed so that the

30 sequence (20 mer: the underlined portion) that is located on its 3’ end side



mai ntai ned in the doubl e-stranded state. The sane experinent was carried
out with respect to a solution in which sterile water was added i nstead of
the tenplate. Wth respect to each reaction solution 5 |, electrophoresis
was 20 carried out at 100 V for 80 mi nUtks using 3% NuSi eve 3:1 Agarose
(manuf actured by Bi oW ttaker Ml ecul ar Applications (BMA) Inc.; purchased
from TAKARA BIO INC.; "NuSieve" is a registered trademark of BMA Inc.).
After the el ectrophoresis, the gel thus obtained was stained with ethidium

brom de (EtBr her e nucl c e _det ect he S are
ahown 1. Fietea S BRCLEADSLRE oA 25, B s 0R R BEn I roiteRf e .7
as foll ows:mbanBe borédn RRhEN LRI indbAMdBHHRion) kBAE iZocRted AR N

solution containing a tenplate; and Lane 3. a reaction solution in which

sterile wated side habdisizdsist thedegiort ﬁartmgrﬂ@mew buselsaimvmstsekmoﬁ n FIG 5,
no bands were. .observed_ other _{ha 30 of stajne rimers.
In Lane 2, '&MdNgS ﬁ?ﬁé‘ techatt |ﬁgl z%n‘gﬁh p¥1ﬁéer6‘§1 t%ﬁﬂapg@éﬂ:‘é‘&ﬁéi 120 bp

i's expeg teg) an anplification product of the target nucleic acid. Thus,
an anplificati on product was observed in the reaction solution containing
t he tenpl atfrimen Paarie 2, further, bands were observed above the
anplification product. The are a Ilflcatlon roducts 5 that contain the
target nuclE é)@éﬁré 'ﬁfé oGP eAACANM AAL BREQ

anplifi catl 211 r(factl on according to the pr esent i nvent| on. The
anplificati oduct s obtained through the anplification reaction

according gp G@AG@@P@A@@M@@@M@A@P@A%@Q'Eéztmmlf@s As a

result, such a |adder-liKe electrophoresis result was obtai ned. 10 Exanpl e
2: d eh&age by Reéstadctionoso] Enay 625 Lh) hasatg tle followeng ampobianplasf i cati on

roducts obtai ne erlvdfrom n eic acid
gequence, PH%P%‘??gI W%sgﬁm%ﬁ nﬂ%mﬁgsﬁ @‘Iﬁﬁ)@ﬁog? %?ﬁ}d# ction
enzynme. Spge c e I n t he
oo 11 cat PopCOEE pi DRSO Brjedy %ﬁ%"fge&??m I 08Tt
hours) witlgagh peshér 61 tlfﬁﬁalﬁi%)’ﬁ@nﬁf@ﬁbﬁ-primer pair, a template (100 ng), and
16U Bst DNA polymerase (NEW ENGLAND BioLabs). This was incubated

15 at 60°C for one hour. The template was allowed to react while being

maintained in the double-stranded state. The same experiment was carried
out with respect to a solution in which sterile water was added instead of the
template.
With respect to each reaction solution 5 pl, electrophoresis was
20 carried out at 100 V for 80 minutes using 3% NuSieve 3:1 Agarose
(manufactured by BioWhittaker Molecular Applications (BMA) Inc.;
purchased from TAKARA BIO INC.; “NuSieve” is a registered trademark of
BMA Inc.). After the electrophoresis, the gel thus obtained was stained with
ethidium bromide (EtBr) and thereby nucleic acids were detected. The
25  results are shown in FIG. 5. The samples in the respective lanes shown in
FIG. 5 are as follows: Lane 1: 20 bp DNA Ladder size marker; Lane 2° a
reaction solution containing a template; and Lane 3: a reaction solution in
which sterile water was added instead of the template.
In Lane 3 shown in FIG. 5, no bands were observed other than those

30  of stained unreacted primers. In Lane 2, among the small size bands, the



The di gestion product was el ectrophoresed using 3% NuSi eve 3:1 Agarose
(manuf actured by Bi oWittaker Mol ecular Applications (BMA) Inc.; purchased
from TAKARA BIO INC.; "NuSieve" is a registered trademark of BMA Inc.) The
results are shown in FIG 6. The sanple4n the respective 20 | anes shown
in FIG 6 are as follows: Lane 1: 20 bp DNA Ladder size marker; Lane 2: a
product obtai ned through el ectrophoresis of 0.3-L anplification product
subj ected to no further processing; and Lane 3: a product obtained through
el ectrophoresi s of, t.he di jon.product,of 0.3-1,. l.ificatiqQn oduct .
25 in PG ConrataieddbohndCRld BT ERaReR B erampifiiyen bFELIE RS
enzyne thataigtRiRdbicRH.f oRmd N ANeIERALIEA HBAUENGEs bBsddiGaltRd on the
ri ght-hand side of the el ectropherogram Since the bands of the undi gested
sanpl e wer ecattany edutivhocontiairbag dbe W miplgee dilo tleches?, Aasthefrt bandsheere

di gestion, it s proved that the target nugleic acid sequence had been
anpl i fi ed. 0§9€%\%§@&poaeéﬁea%@h%m psfftf%&m& E AP G0 }°6hP‘E°2ir“SEf~“gh
Additiog o 1 I Ad] ' l: t3 ture
adi ust  Bg dhabeorliEsh tRELRRESERIE SprithdiRlonn vpaRkar, WRali BE: pRARGR! 1 2
ef fect on thehaapiplificaidoreetionteptdingas tBy preaad.invéstion. EXhapl e 1,
Human DNA (nmanufactured by Contech) was used as a 5 tenplate, and _a target
nucl ei ¢ aciatrpléligasinreprashicss aeihined shrneintisTanpblication gendiomacenping i ed.
The conpositipn of the anpl.ification reaction solutiqn was the sanme as
that in Exinphericspiapfontiar AURGPmRIEatsd RlreRdstc Rt AHE Bl GBES B 256
5% or 10% 4@ raddedc@brophiRidis R JIBRE Ml d, adj usting agent. The .
reaction conditions as well as the conditions for the 10 el ectrophoresis
carri et outixahtie 2:H{deseant by Resbnaiom&Enzame as t hose described in Exanpl e
1. The results are shown in FIG 7. The sanples in the respectiye Ialnes
shown in FIG 7 Arerder tupraygethat fhe amplicaiorprpodustyabtadn “’héﬁ‘ﬁé‘%?e Lane
. 0 H H . n . 0 .
2: 0% DVBOL(PMEQUL 3. NfROMI AL il R38acta RYBYEO b A icailn 15 DVEC
products were digested with a restriction enzyme. Specifically, 0.3 uL of the

reaction solution obtained after the amplification reaction in Example I was

15 digested (at 37°C for three hours) with a restriction enzyme Mboll.

The digestion product was electrophoresed using 3% NuSieve 3:1
Agarose (manufactured by BioWhittaker Molecular Applications (BMA) Inc.;
purchased from TAKARA BIO INC.; “NuSieve” is a registered trademark of
BMA Inc.) The results are shown in FIG. 6. The samples in the respective

20  lanes shown in FIG. 6 are as follows! Lane 1: 20 bp DNA Ladder size marker;
Lane 2: a product obtained through electrophoresis of 0.3-uL amplification
product subjected to no further processing; and Lane 3: a product obtained
through electrophoresis of the digestion product of 0.3-uL amplification
product.

25 In FIG 6, the size of each fragment digested with the restriction
enzyme that is predicted from the nucleotide sequence is indicated on the
right-hand side of the electropherogram. Since the bands of the undigested
sample were changed into the bands with predicted sizes after the digestion,

it was proved that the target nucleic acid sequence had been amplified.

30 Example 3: Enhancement of Amplification Reaction through Addition of



As is clear fromFIG 7, in each case of 2% DVSO and 5% DVSO, a sufficient
anmount of anplification product was obtained. In the case of 0% DMVBO a
smal | amount of anplification product was obtained. On the other hand, in
the case of 10% DMSO, no anplification pgibduct was obtained. 20

Concei vably, this is because the concentration of the nelting tenperature
adj usting agent was too high and thereby the nelting tenperature Tm
decreased excessively. Exanple 4: Detection of Single Nucleotide Miutation
In this exgypj.e,, &.3ingle nycl.eoti 3 ation was detected using a 25
priner set = SPRSENEEMPBHEYBRS2888, st | in order to prepare a nodel of
single nucleotid E}Elﬁhg%m(g@réﬁﬁ‘é'éiﬂébﬁinéﬁ%&ﬁ?%a%,a‘%ﬂd'eﬂ%%ﬂ £bli%RatipAt
contained a single nucleotide nutation in a specific region of a hunan STS
DYS237 geneeagdidom sblonipg hadntsyffédtetd thohingdificationtefil@chipatvac@xhaiined. no

o1 1 gonucl okt HEXBRIE e P B 1Ay Gra PR oG ASHURELE! B, 64
| . f. . d H . . I j . !
il eot §de ARy A Fogt b XA0 COR ORI AL eS| B

nucl eot i de DYEL3Y igeAe WaisearaplifieedThEachisitidie ot dmiplidchOBnpeactict s wWas
sequenced and the nucleotide residue located in the nutated portion was

det er m ned soBitfirereafthe samenay thatria Esauplol exheptr thiat dWISY whse ifivadt | as
tenplates. FIG . 8 (SEQ | nd | D shows. t he nucl eoti de
sequences Sf’n?‘?fétrag_ I"Y%Si @é%@mggﬁﬁaﬁ{gw%a%dg%%%pm%tIQFré_?eré,u‘tene
residue | nduGaliade With, R AldBndalilindaCuietsidhif ddhdifiin¥ihidtiype DA
was replaced by a residue I n the nutated-type . 10 The primers used
her ei nliver eletpphweesipaarriédoudafieetthageaction deby plee sfNA manihogepri mer pair

for detecting a mutated-type DNA that had the sequences described bel ow.
In the pri Iﬁlﬁﬁcrﬁh¢¢ 13 §xagytledei ng a wild-type DNA, the primer FI and the

s reverse pr i SRl e eRORR G 1T SR SEFSHas P oR {GRAELTRR! I NG o
nut at ed- t y penddNehow R en #0Y §-dre s PNedsPLaABM: Bh MADNUSBHdder size marker;
Lane 2: 0% DMSO (DMSO is not contained); Lane 3: 2% DMSO; Lane 4: 5%
15 DMSO; and Lane 5: 10% DMSO.
As is clear from FIG. 7, in each case of 2% DMSO and 5% DMSO, a

sufficient amount of amplification product was obtained. In the case of 0%

DMSO, a small amount of amplification product was obtained. On the other
hand, in the case of 10% DMSO, no amplification product was obtained.

20  Conceivably, this is because the concentration of the melting temperature
adjusting agent was too high and thereby the melting temperature 7im
decreased excessively.

Example 4: Detection of Single Nucleotide Mutation

In this example, a single nucleotide mutation was detected using a
25  primer set of the present invention. First, in order to prepare a model of
single nucleotide mutation, a long-chain synthetic oligonucleotide that
contained a single nucleotide mutation in a specific region of a human STS
DYS237 gene and a long-chain synthetic oligonucleotide that contained no
single nucleotide mutation were synthesized. These long-chain synthetic

30  oligonucleotides each were amplified by the PCR method. As a result,



as a forward primer while a newy designed prinmer RIG was used as a

reverse prinmer. The prinmer RI G has the sane nucl eoti de sequence as that of
the primer RI except for having a Gresidue at the fifth site fromthe 5
end. The positional relationship of eadtt prinmer region to the tenplate DNA
was 20 shown in FIG 8. Primer pair for detecting a wild-type DNA® Fl:
GGATATATATATATCCACTGAACAAATGCCACATAAAG (SEQ ID NO  1); and Ri:
GCAGCATCACCAACCCAAAAGCACTGAGTA (SEQ IDNO 2). 25 Prinmer pair for

detecting a it TATATATATATCCACT

(5E0 1 0 RO B R BN AR IRH SRR D20 TB ke 03

The above- reafdtResn il Hutpg- t?b‘@\IﬂﬁA%%@%@Htéﬂ@&a%l‘é@ﬁ&é&ﬁ’de 30 as a
tenplate. Wth respect to each case, the nucleic acid anplification 65
reaction V\mu@dsmhmemjobmwt héagdx bfrée mpihﬁ]’catlodqnedtwtsgﬂas wqwb{tcyqbe DNA
or the prine [ tated-type DNA.  Specifically

reacti on é&fi aHl %Kﬂ%e 5@%@5}5%”8)031@ motheomidgtedopprsion vas dﬁ)aesmaméear ed:

Tris-HGL(2 H

VB (909 - The g e fopd M Qg G R rerdBiles | PRI

t he aboveﬁrfstDDeNOpmamISEQ I3 N@: 8estidvadd end AQc1d8tiaB kb ubececfehé 60000
mol ecul es)), and 16U Bst. DNA pol ynerase (NEW ENGLAND Bi oLabs). This was

i ncubat ed ammdTation pedustiur Awle@rwfrpm BlGia8, thiel wwatdna mdieated Wl\ﬁhl I e
bei ng mai ntai ned in the daubl nded tate Wth res t ot

each react# %a’slé’lvﬁﬂ?%trfs %@&8? é’ﬁl‘gll p&%‘gl %E{)fﬁb@(g/ for 80
m nut es USLNGd3YaAR BURaded tASADISE. (manuf actured by Bi oWhi tt aker

l\/bI ecul ar Applications (BMA) 1nc.; purchased from TAKARA Bl O I NC. ;

"NuSi eMe" is a répegtreners tsathawmik vwdreBMiribma: pair Abit detettiag a wild- type

el ectropho t he gel thus obtained was stajned with 15 ethidium
broni de (E b@%\ agAp Pﬁ&%ﬂgﬂlﬁz‘& fg@f@c’aeg@smuéa@ddmp@c%w ad the

sequences described below. In the primer pair for detecting a wild-type DNA,
the primer I'1 and the primer R1 that were used in Example 1 were employed
as a forward primer and a reverse primer, respectively. In the primer pair
15  for detecting a mutated-type DNA, the above-mentioned primer F1 was used
as a forward primer while a newly designed primer R1G was used as a
reverse primer. The primer R1G has the same nucleotide sequence as that
of the primer R1 except for having a G residue at the fifth site from the 5’ end.
The positional relationship of each primer region to the template DNA was
20  shown in FIG. 8.
Primer pair for detecting a wild-type DNA:
F1: GGATATATATATATCCACTGAACAAATGCCACATAAAG (SEQ ID NO:
1% and
R1: GCAGCATCACCAACCCAAAAGCACTGAGTA (SEQ ID NO: 2).
25  Primer pair for detecting a mutated-type DNA!
F1: GGATATATATATATCCACTGAACAAATGCCACATAAAG (SEQ ID NO:
1); and
R1G: GCAGGATCACCAACCCAAAAGCACTGAGTA (SEQ ID NO: 3).
The above-mentioned wild-type DNA or mutated-type DNA was used

30 asatemplate. With respect to each case, the nucleic acid amplification



results are showmn in FIG 9. The sanples in the respective |anes shown in
FIG 9 are as follows: Lane 1. 20 bp DNA Ladder size marker; Lane 2: a
reaction solution obtained using the wild-type DNA as a tenplate and the
primer pair for detecting a wild-type DM Lane 3: a reaction solution 20
obtai ned using the nutated-type DNA as a tenplate and the prinmer pair for
detecting a wild-type DNA;, Lane 4: a reaction solution obtained using the
wild-type DNA as a tenplate and the priner pair for detecting a

tat ed-t : d L : ti | ut | bt ai d .usi
mut at ed- t 5 peom a8k porRGR winrdBemather Rat A felaeehier rultf g DG
mut at ed- t yRg tlWridier bairdBP Aettirld QM itabed-Pypd DHNANCEHZ.ifRST gﬁeregﬁg]oP si 7o

1
anplification products were obtalihed. In these |anes, anobng
bands, the sohmtim (35oghl kaviagoihedolla® by canposixipack aspaspang! THisdacl 6o

products of e targqe ucl ej cid. On the other hand, in Lanes nd 4,
o ampl 11 caM ot Brgakal 6 mbl, BHh0d (L emib Milhels by DMERE Ine
prinmer paif [ b g i t et ected t i1 d-type DNA

al one wﬁi I eTrEﬁ%é }gﬁpﬁg(? A’g’aﬁlgﬁg‘%@%@g@%ﬂ aéz?‘e%r-l{nfﬁre%%% detected the
nut at ed- t y pdobNtméittieed gREss pdifs W templage CRI-edmbletbd hresoobot he
anplification reaction according to the present invention allowed a single

nucl eot i de meleanlesh, 2nd BEUiBse DNNGA pblahémsti(NE W, ENGHnANS Biolsds! er ati on
of Arrplificlg’:j'ion Rat throug@? ition of Third Primer A nucleic acid
anpl i fi cat i'GH® PEECPFERARAAY PNy dhertamypiawas alloweddomesrt o

the primer “Hﬁiébéiﬁéﬁﬂhﬂlt%ﬂrﬁtﬂe ddiifeld &{Igiglra(r)%gﬁ%‘s 10 used herein were

two prinmers having e sequences descri be hese third prinmers were
desi gne@ so as t &Viahmespedtdo di fif efrearh deachidn ssisitfonodiddbasthortdswhisch t he
above-nentioned_priner pair anneal ed, on the target nucleic acid sequence
to be anpl caraed oyl ﬁtgl@ﬁé’ i Htgsoming 5% %%ngg‘eﬁ 81 Agarosposi ti onal

Ir:|e|Gat agn?g a?l%f X ﬁp%f f))'f @EWh%géa?{%rt oltegl?lag'%%l%ta io\ﬁ\%%Bﬁ}-&) ?1%0.?15 shown in

purchased from TAKARA BIO INC.; “NuSieve” is a registered trademark of
BMA Inc.). After the electrophoresis, the gel thus obtained was stained with

15  ethidium bromide (EtBr) and thereby nucleic acids were detected. The
results are shown in FIG. 9. The samples in the respective lanes shown in
FIG. 9 are as follows: Lane 1: 20 bp DNA Ladder size marker; Lane 2! a
reaction solution obtained using the wild-type DNA as a template and the
primer pair for detecting a wild-type DNA; Lane 3: a reaction solution

20  obtained using the mutated-type DNA as a template and the primer pair for
detecting a wild-type DNA; Lane 4' a reaction solution obtained using the
wild-type DNA as a template and the primer pair for detecting a
mutated-type DNA; and Lane 5: a reaction solution obtained using the
mutated-type DNA as a template and the primer pair for detecting a

25  mutated-type DNA.

As is apparent from FIG. 9, in Lanes 2 and 5, amplification products
were obtained. In these lanes, among the small size bands, the bands
located around 120 bp are expected as amplification products of the target
nucleic acid. On the other hand, in Lanes 3 and 4, no amplification product

30  was obtained. Hence, it was proved that the primer pair for detecting a



Third Primers: Primer 3F. TAAGAACTCCCTTTATAC (SEQ ID NO 4); and Priner
3R TCTTCAACAGTCATTACC (SEQ ID NGO 5). As in Exanple 1, Hunman DNA

(manuf actured by Contech) was used 20 as a tenplate, and a target nucleic
aci d sequence contained in a hunman STS @¥S237 gene was anplified. The
conposition of the anplification reaction solution was the sane as that
enpl oyed in Exanple 1 except for containing one or both of the priner 3F
(800 nM and the priner 3R (800 nM as the third priner. This reaction

| i - A 1 25.6 i ) /th
P oenect o RIMNTHEHRA RiobBf chO i IDEBNR a¥lne FRIBINTANER bR

100 V for 8fetattitig asmusited-t3%e WiSeuteded thg%aﬁﬁ;ed(tsfg@lnmtamﬁa b¥hese
Bi owhi tt aker Mol ecul ar Applications (BMA) Inc.; purchased from TAKARA BI O

I NC.; " NuSiwgeitsiisdigatedyibatehediserefdbramipbfic8ivBkadtivn jccordingrtotthe

el ectrophoresis,, the gel thus pobtained s spfained with 67 ethidium

br oni de (Etrgle)ge’%]dwteﬁgﬂo@ﬂﬂ] st %indl’\g?% putatiendo beyletegted i ts are
shown i g FldgeclilelyThe sanples in the respective |anes shown in FIG 11 are
indicated in Table 1 below. 5 Table 1: Sanples in Respective Lanes on

El ect r opherltgampleshiocderelarabbs of KimpLificetidh iRade Phicteth Addniadt €f Thikd

Amplification Reaction Tine (mn) 1 None Yes 30 2 3F Yes 30 3 3R Yes 30
4 3F+3R YedIImers None No 30 6 3F No 30 7 3R No 30 8 3F+3R No 30 9 None

Yes 60

A nucleic acid amplification reaction was conducted using third
primers in addition to the primer pair used in Example 1. The third primers
10 used herein were two primers having the sequences described below. These
third primers were designed so as to anneal to different locations from those
to which the above-mentioned primer pair annealed, on the target nucleic
acid sequence to be amplified using the above-mentioned primer pair. The
positional relationship of each primer region to the template was set as
15 shownin FIG. 10 (SEQ ID NO: 6).
Third Primers:
Primer 8F: TAAGAACTCGCTTTATAC (SEQ ID NO: 4); and
Primer 3R TCTTCAACAGTCATTACC (SEQ ID NO: 5).
As in Example 1, Human DNA (manufactured by Clontech) was used
20  as a template, and a target nucleic acid sequence contained in a human STS
DYS237 gene was amplified. The composition of the amplification reaction
solution was the same as that employed in Example 1 except for containing
one or both of the primer 3F (800 nM) and the primer 3R (800 nM) as the
third primer. This reaction solution was incubated at 60°C for 30 minutes or
25 60 minutes.

With respect to each reaction solution 5 pl, electrophoresis was
carried out at 100 V for 80 minutes using 3% NuSieve 3:1 Agarose
(manufactured by BioWhittaker Molecular Applications (BMA) Inc.;
purchased from TAKARA BIO INC.; “NuSieve” is a registered trademark of

30 BMAInc). After the electrophoresis, the gel thus obtained was stained with



10 3F Yes 60 11 3R Yes 60 12 3F+3R Yes 60 13 None No 60 14 3F No 60 15
3R No 60 16 3F+3R No 60 17 20 bp DNA Ladder size marker In the

el ectropherogram shown in FIG 11, anong the small size bands, the bands

| ocat ed around 120 bp are expected as ad%Xification 10 products of the
target nucleic acid. As is clear fromFIG 11, in each of the sanples
containing one or two third priners added thereto, a sufficient anount of
anplification product was obtained through the reaction that was perfornmed

for 30 mn . ) X 2.0 4.and Lanes_ 1 0.12) . On the
other _hand.berrdiffn BRIt PR R R On 8RBT R Balie T Pt s, 16 no
anpl i i cat ireBuls Qe Sho¥aSnOPI@I ned THY euapldshe thRaekpaitiveiahe¥@RowRahf or med
for 30 mnutes (Lane 1) but an anplification product was obtained through
t he reacti diG.Hdtamgasdpstedinddblcol beBwri nutes (Lane 9). In the 68 sanples
that contained no tenplate added thereto, no anplification product was
obtained (Lanes 5 to 8 and Lanes 13 to 16). These results indicated that

t he addgti t i Fggecrc 11 aved [ f ' fi ChgICH to be
i nmpr oveg i(r?%b%éelaﬁ%?lw‘%%g} F%g rele‘l%tﬂl‘on acﬁcgfrf%f“ﬁgﬁmef&b%%}edl%g (e@télnlltn ]F%’en i on.
5 Exanple 6: Check for Tenplate Concentration- Dependent Anplification A

reacti on sol utifomwasprepared—inythe—sane—nanner—as i hE d.ll{JI e—1jexcept
for containing{l0@nag,; THird@risheng, T@hpita ONA Hu%nA aio
(manuf actured Iy Clontech) as a ténplate_and 80( AGHON HAMGy 3F ( SEQ
ID NO 4) as althikd pring¥oneahis|reactiYea sol utlion was Bficubated at 60C
10 for 20 minutes,240|m nutds, or |60 m Aeses. With respeBd to each|reaction
solution 5 1, e¢leg@rophoregyps was| carriyggd out at 100 V gor 80 m nutes
usi ng 3% NuSi eye 34 1 Agar 9pEsR Yos 30

5 None No 30

6 3F No 30

7 3R No 30

8 3F+3R No 30

9 None Yes 60

10 3F Yes 60

11 3R Yes 60

12 3F+3R Yes 60

13 None No 60

14 3K No 60

15 3R No 60

16 3F+3R No 60

17 20 bp DNA Ladder size marker

In the electropherogram shown in FIG. 11, among the small size

bands, the bands located arcund 120 bp are expected as amplification

10 products of the target nucleic acid. As is clear from FIG. 11, in each of the
samples containing one or two third primers added thereto, a sufficient
amount of amplification product was obtained through the reaction that was
performed for 30 minutes or 60 minutes (Lanes 2 to 4 and Lanes 10 to 12).
On the other hand, in the samples containing no third primer added thereto,

15  no amplification product was obtained through the reaction that was
performed for 30 minutes (Lane 1) but an amplification product was obtained

through the reaction that was performed for 60 minutes (Lane 9). In the



(manuf actured by Bi oW ttaker Ml ecul ar Applications (BMA) Inc.; purchased
from TAKARA BIO INC.; "NuSieve" is a registered trademark of 15 BMA Inc.).
After the electrophoresis, the gel thus obtained was stained with ethidium
brom de (EtBr) and thereby nucleic aci df%were detected. The results are
shown in FIG 12. The sanples in the respective |anes shown in FIG 12 are
indicated in Table 2 below. 69 Table 2: Sanples in Respective Lanes on

El ect ropherogram shown in FIG 12 Lane Tenplate (ng) Anplification Reaction

0 46 ' o 105ebts Bt G ikt o idmBluye i ilshingRerh Ho ShiidRig bnolyde 10\ O,
In the el eci4PPMSRAST ARSI, B Anfd Gind13 8By tmes%%lsmtgug@maﬁamfﬁs

t he bands | ocated around 120 bp are expected as anplification products of
t he target thaadditdomof the ﬂistrdswruheaallbwedntﬁe@nn]iﬁca/tﬁmneﬁ'meamg tofbe terrpl ate

was added, .an an%Llfl cat i o roduct was obt ai ned t hrough any one.
reactions PEPFEYHEY Hh¢ anp %E‘Pé‘sreéFthBﬁﬁ%‘?rd(‘E%ﬁ% p ??enél‘l’&lv@)tm”\/\hen 10

ng of tgnpl@le,V . rough 10
each of th- reactions p or 401 s ' '
Wen 1 ng of tenpl ﬁé@tm%o&ﬁid@ﬁi w@rp@@mked m:al&e Qzﬁlmlérlﬁdidﬁél masn tlxhaipied
1 except for containing 100 ng, 10 ng, 1 ng, or 0 ng of Human Genomic DNA
(manufactured by Clontech) as a template and 800 nM of the primer 3F (SEQ

ID NO: 4) as a third primer. This reaction solution was incubated at 60°C

10 for 20 minutes, 40 minutes, or 60 minutes.

With respect to each reaction solution 5 pl, electrophoresis was
carried out at 100 V for 80 minutes using 3% NuSieve 3:1 Agarose
(manufactured by BioWhittaker Molecular Applications (BMA) Inc.;
purchased from TAKARA BIO INC.; “NuSieve” is a registered trademark of

15 BMAInc). After the electrophoresis, the gel thus obtained was stained with
ethidium bromide (EtBr) and thereby nucleic acids were detected. The
results are shown in FIG. 12. The samples in the respective lanes shown in

FIG. 12 are indicated in Table 2 below.



t hrough the reaction that was perforned for at |east 60 mnutes (Lane 11).
Whien the tenpl ate was not added, no anplification product was obtained
with respect to all the reaction tines (Lanes 4, 8, and 12). Fromthese 15
results, it was proved that an increase G%h reaction tine allowed an
anplification product to be obtained even when the concentration of the
tenplate was | ow. Exanple 7: Effect of MutS in Detection of Single

Nucl eotide Mutation in ALDH2 Gene 70 In this exanple, a single nucleotide

mut ation t i LN e . ofy an ald e _dehydr ogepase-.2 ALDH2
gene) was eibé%?éggﬁlg)ll%%m E!gérjpae#%é%n%%e ‘BNE%%E?P&P%%’%&HBVW cH] as a
tenpl ate. The above-nentioned DNA to be used as a tenplate contained a

wi | d-type ALDH2 -5—genrer—Aprirer—ser—haviRgthe—sequenpces—descri bed bel ow
was used as  prieLsne ThaepRshtd Gl eft igifé‘l‘ﬂ%%‘fa“é’é’é’h primer region to
the tenplate was_set shown in FIIG 13 (SEme iy 9). The forward
prinmer ALDH2F is désigned sd08s to have the stducture shown in FIG 2 in
whi ch the sequence 20 ({16 nerro the underlined pgytion) that| is |ocated on
its 3' end side anngals| to the tenplate, whiTgdhe sequence (16 ner: the
portion other than hhe underbi nmed JWW on the 5 end
side is folded i at—regton Fhe—reverse—prier—ALDH2R-Hs desi gned so

t hat the sequence—{20 ne.;_:___t_ﬂ@_uadﬂ.rl.i ed port Qm) that iq |ocated on the
3' end side annealsbto jthe tdfhlate.| 15 while & er the extlensi on reaction,
t he sequence (11 neF) tlhat isllocated on the 50 end side Hybridizes to the

region starting [frog 18§ basespdownstiream of regj dues | ocatied at the 3' end
of the priner on theg stirand gxfendeq by the PrdgTer rhe prii mers ALDH2OF

T
=3¢

and ALDH2OR ar e jgdesrgngd—so to—anmeat—on—thg-outer—stdg (5 side) with
respect to the ALMpiﬁF re—AEDF2R-on-{t-he—20—terptate—respeetively. In
addi tion, ALDH2SNPgland ALDH2ENPa edch are a §% mer contaijning a

nucl eoti de resi due I ha under®i ned dortion) asgn'@ci ated w thh a nutation.
ALDH2SNPg cont ai{ns 18 wiil d- t yp20 bpddiiAcleadddd @ze marker

In the electropherogram shown in FIG. 12, among the small size
5 bands, the bands located around 120 bp are expected as amplification

products of the target nucleic acid. As is clear from FIG. 12, when 100 ng of
template was added, an amplification product was obtained through any one
of reactions performed for 20 minutes or longer (anes 1, 5, and 9). When 10
ng of template was added, an amplification product was obtained through

10 each of the reactions performed for 40 minutes or longer (Lanes 6 and 10).
When 1 ng of template was added, an amplification product was obtained
through the reaction that was performed for at least 60 minutes (Lane 11).
When the template was not added, no amplification product was obtained
with respect to all the reaction times (Lanes 4, 8, and 12). From these

15 results, it was proved that an increase in reaction time allowed an
amplification product to be obtained even when the concentration of the
template was low.
Example 7: Effect of MutS in Detection of Single Nucleotide Mutation in
ALDH?2 Gene




ALDH2SNPa contai ns a nut ated-type sequence. Sequences of Primers Used: 25
ALDH2F: TTTATATATATATAAACCGGGAGTTGGGCGAG (SEQ ID NO 10); ALDH2R:

CGAGTACGGGCCCACACTCACAGTTTTCAC (SEQ I D NO 11);  ALDH2CF:
ACAAGATGTCGGGGAGTG (SEQ I D NO. 12); ALDHEOR CCTGAGCCCCCAGCAGGT (SEQ | D

NO 13); ALDH2SNPg: GCAGGCATACACTGA (SEQ ID NO 14); and 30 ALDH2SNPa:
GCAGGCATACACTAA (SEQ ID NO 15). 71 A reaction solution (25 L) having the
foll owi ng conposition was prepared: Tris-HCL(20 M pH 8.8), KO (10 mV,

(NH4) 2S04 (10 : 9 Trit.on X-100. (1 NTR, (0. 4
i 80 Bst DA BdhieRinb, R R bt pliel B0 ek bl R TR o
Probes, 5 lofan)al(ehide deloPdhieogbhisd-idfedd LDV LRI #&,Od&@&equh%ﬁgl lution
finally), a_tenplate (40 ng), 3200 nM of each of ALDH2F and AL R, 400 nM
of each offiwmBH@memy RNBHRORNuawuLfd Iy OlRseh) daakeinplasepe The ner) and
ALDH2 SNPa mut at ed- t i ner) 600 nM,. and MutS (0.8 1i0). i was
i ncubat ed 08%)@1?%011%’813#‘%{9”@% Psg‘%éstae Blpge Gartaing ﬁéﬂl‘ié%ee‘ég‘bl'%

whil e bei ngeﬁg‘i ntained in the doubl e-stranded state. The sane experi nment
was carried out with respect to a reaction solution containing no Mut& The

production of amd pfineatdeohapimgticd seqgrrhico® detailed bidbwovas ueed asi me

fl uorescence detectjon system Mx3000P (manufactured by STRATAGENE). The
resul ts of PEHBews pdmienmesitional xebatipnshipmf@ach primer redien 16 the pempiatat |
since the nem c o] o t atd,on. was_used a | at e,
an anplifi %@%ﬁ%ﬁ%&&"& msﬁ%(g! 3‘5@%@%@%@3‘% Whe G oEw 35%83739%‘%}’?)&%2‘@)
wild-type py &é@%néﬁdiﬁo H5 @6 ha¥Bithe sPuRER shdwAkh FTPROAUGhickStHWed ubfice

obt ai ned when the nmutated-type prinmer was used. According to Fl 14, when
t he wil®-t {Hemeri they underlireedportive) phatiscobatedodn #n endspld dnwels on

pr oduct wa?hqc\)/%)ﬁseri/ed af t.er. about 25 m nutes el apsed, . irrespective of the )

presence o %P.aéer Y Qe&bﬁé’?qﬂ%‘iﬁ %‘@ﬁl‘ifﬂp@ PRORABET Pt Bh¢ ner  was
used, the ﬁhﬂgﬂ%écpﬂoﬁiorﬁrfhﬁgﬂ Tolh &Rt .2 Ph @50 Lide is folded in that region.

The reverse primer ALDH2R is designed so that the sequence (20 mer: the
underlined portion) that is located on the 3’ end side anneals to the template,

15  while after the extension reaction, the sequence (11 mer) that is located on
the 5’ end side hybridizes to the region starting from 18 bases downstream of
residues located at the 3’ end of the primer on the strand extended by the
primer. The primers ALDH20F and ALDH20R are designed so as to anneal
on the outer side (5’ side) with respect to the ALDH2F and ALDH2R on the

20  template, respectively. In addition, ALDH2SNPg and ALDH2SNPa each are
a primer containing a nucleotide residue (the underlined portion) associated
with a mutation. ALDH2SNPg contains a wild-type sequence while
ALDH2SNPa contains a mutated-type sequence.

Sequences of Primers Used:

256  ALDHZ2F: TTTATATATATATAAACCGGGAGTTGGGCGAG (SEQ ID NO: 10);
ALDHZ2R: CGAGTACGGGCCCACACTCACAGTTTTCAC (SEQ ID NO: 11}
ALDH20T: ACAAGATGTCGGGGAGTG (SEQ ID NO: 12}

ALDH20R: CCTGAGCCCCCAGCAGGT (SEQ ID NO:13);
ALDH2SNPg: GCAGGCATACACTGA (SEQ ID NO: 14); and
30 ALDH2SNPa: GCAGGCATACACTAA (SEQ ID NO: 15).




was observed in the absence of MutS after about 35 m nutes el apsed, while
the production of an anplification product was not observed in the presence
25 of MutS even when the reaction was conducted for three hours. Thus, it
was proved that the use of MiutS nade thel correct SNP typi ng possi bl e.
Exanple 8: Effect of MutS in Detection of Single Nucleotide Mutation in
Human CYP2C19*3 CGene In this exanple, a single nucleotide nutation that
existed in exon 4 of 30 a CYP2C19*3 gene of drug-netabolizing enzyne -

Cranuf act or ed_ by 7 siHofrottioy 48 GG 1ek P BIPRARE RS eRwp et nod
was enpl quﬂepsxédla‘rmmﬂml(go AN, prag)l Kicgd o evireNIgd.she1@have- ment i oned

DNA to be used as a late contained a wil d- type CYP2C19*3 gene. 5 A
primer set ¥MgpOuHe DILMIQ/PD Qda% a¥rinen Knt0® Ekjile dOEEP @danMie8U Bet BN Awas

Lol ot e vabTeBera QRS ENEANTS f«@a%“?ﬁ%ﬂﬁa@%ﬁwﬁ%ﬁ%%séfnﬁi
FWand M tmeg (R & E&Ildé%%f’aﬂl&e 513& ngfo%r@& ba%ﬁi %1?%55’? 'f%aﬁg& h,are

desi gned so that the sequence erI I'ne ortion) that is

| ocat ed on templ@te @chgj 820G RN al sadmoﬁzﬂEDt}PZﬂb hate\LIDHIZR 4@bt1€M oftdaeh
extension r éﬁl Qn, _the se(ﬁﬁnce (8 mer hat |s Iocat ed on the 5 end side
hybri di zes PEgredh Ady Gnldr bme wimessaades

on “the ot FOPIRRSAPE (Ehplsgfs r'“ﬁw%?esr%@na%ﬁé’? D Bliehuaths n i he

15 respect s indOBAtedl ATBYT ﬁa«qfsoaﬁﬁnéﬁe%! gned t%ﬁgﬂgﬁstwh@%u%%a%q%a&éS mer
the wunderlined portion) that is |located on the side anneals to the

t enpl at@, wilkiid @mgtmalrtthm@meﬂm doubleattdmted dthee. s chjuesmme (Speemerthat is
| ocated on the end si r|d|zes tothﬁlreglon startin from 6 bases

downst r eamG¥® catrﬁ‘é’Fldﬁgé’”l géﬁ? t4p a ypacon sty eqpdappinggio rand
S enged prodgih O LfiBlificlI6n BIGHEAS!I% HERIANEL LOGRL £UcALIN %e " ccons

site from eac e 1nner primers corres onstothe
nucl eot i deﬂmemséuﬁc@dét@@tlah@ste\m NI 3000 &hhﬁﬁfactured by STRATAGENE).

The results of the experiment are shown in FIG. 14. In this

15  experiment, since the human genomic DNA containing no mutation was used
as a template, an amplification product should be obtained when the
above-mentioned wild-type primer was used, while no amplification product
should be obtained when the mutated-type primer was used. According to
F1G. 14, when the wild-type primer was used, the production of an

20  amplification product was observed after about 25 minutes elapsed,
irrespective of the presence of MutS. On the other hand, when the
mutated-type primer was used, the production of an amplification product
was observed in the absence of MutS after about 35 minutes elapsed, while
the production of an amplification product was not observed in the presence

25  of MutS even when the reaction was conducted for three hours. Thus, it was
proved that the use of MutS made the correct SNP typing possible.
Example 8: Effect of MutS in Detection of Single Nucleotide Mutation in
Human CYP2C19*3 Gene

In this example, a single nucleotide mutation that existed in exon 4 of

30  a CYP2C19*3 gene of drug-metabolizing enzyme - cytochrome P450 family



W1 d-Type Inner Prinmer: FW TCCAGGGGTCTTAACTTGATGGAAAAAT (SEQ I D NO 17);
and 25 RW GGATCCAGGCCCAGAAAAAAAGACTGT (SEQ I D NO 18), Mutated-Type
I nner Primer: FM TTCAGGGGTCTTAACTTGATGGAAAAAT (SEQ ID NGO 19); and RM

GAATCCAGGCCCAGAAAAAAAGACTGT (SEQ ID NO %0), «Quter Prinmer: 30 F3:
TCCAGAAACGTTTCG (SEQ ID NO 21); and 73 R3: AGGGCTTGGTCAATAT (SEQ I D NO
22), and Loop Prinmer: LoopF. GCTTACAATCCTGATGIT (SEQ ID NO 23); and
LoopR  GTAAGGCCAAGTITTTTTG (SEQ ID NO 24). 5 A reaction sol uti on (25 L)

havi th { d
cé‘Xl 2t ng "SRR AR AT B s D RELS RN BB Bd Py SRR 87
: ( NH4) %5@@1&1‘190 lIMthld\@:éQ‘} 4 tHMLAMIPLARLARA Was anl@&?ﬂ@%& ﬁuéloéo dNTP
(0 5 , 8U yner ase (NEW ENGLAND Bi oLabs),” SYBR GREEN |
( Mol ecul ar apt%bwllﬁcacm)l l:(lathdui a e slveenentibhed DNAttoﬂ]emﬂedeuis a

100, 000-fol,d dilution finall at 40 ng), 400 nM of each of F3
and R3, 80GCHMNUE 9RLtyvse 4 waldr ﬁ@%gﬁs égéEenM of each of FWand RW

and Mit§ (0.8 g) A}[Eqﬁfeqegemme LaRoH AHhO P 38 don Bav DG e

following conposition was ared as a react on con aining a

mut at ed- t y pelovl Sraisnned 43¢ Iblﬁﬂfels TrThe ipedit{o2dl @Mati@»'ﬂsﬁqﬁ&vf edtBlfritheiM ,
(NH4) 2S04 ( 10 S04 (4 , betaine (0.8 M, Tween20 (0.1%, dNTP (0.5
m), 8U Bsﬁeglm&orsbg/?m@mé%f@ WNEW‘E#&W@HI(E_I&;éﬁ (S@@FRD@EENES} (Tt ecul ar

Finarty) - lavliihipded 33F R P 0o EonBlRIGR s reeroRie 806" nu of each
"L, 2ot gt o Y 5, 5
m nut ek Thertianphat és kmatal botkd 3t end erletamtdale thehagpmplate, while after
the extension reaction, the sequence (8 mer) that is Jocated on the 5 end side
hybridizes to the region starting from 29 bases downstream of residues
located at the 3’ end of the primer on the strand extended by the primer. On
the other hand, the reverse primers RW and RM that are included in the
15  respective inner primers each are designed so that the sequence (18 mer: the
underlined portion) that is located on the 3’ end side anneals to the template,
while after the extension reaction, the sequence (9 mer) that is located on the
5 end side hybridizes to the region starting from 36 bases downstream of
residues located at the 3’ end of the primer on the strand extended by the
20  primer. The nucleotide residue located at the second site from the 5 end of
each of the inner primers corresponds to the nucleotide residue associated
with a mutation.
Wild-Type Inner Primer:
FW: TCCAGGGGTCTTAACTTGATGGAAAAAT (SEQ ID NO: 17); and
25 RW!GGATCCAGGCCCAGAAAAAAAGACTGT (SEQ ID NO: 18),
Mutated-Type Inner Primer:
FM: TTCAGGGGTCTTAACTTGATGGAAAAAT (SEQ 1D NO: 19); and
RM: GAATCCAGGCCCAGAAAAAAAGACTGT (SEQ ID NO: 20),
Quter Primer:

30 F3:TCCAGAAACGTTTCG (SEQ ID NO: 21); and




mai ntai ned in the doubl e-stranded state. The sane experinent was carried
out with respect to a reaction solution containing no MitS. The production
25 of anplification products was nonitored using a real-tine fluorescence
det ecti on system M3000P (rmanufactured b43 STRATAGENE) . The results of the
experinment are shown in FIG 16. In this experinent, since the human
genom ¢ DNA containing no nutation was used as a terrpl ate, an
anplification product should be obtained when the 30 above-nenti oned

be obt 41 ned MG RGLa Chry e 1 EAdP BB 88 used | AcCording 1o Fl G
16, when the,o Pnterpe i nner prinmer was used, the production of an

anplification product was observed after about 25 mnutes el apsed,
i rrespect i Veoopff: (CHeTHAEHAR@CHGADGST (SEQE&B NOhés)hant, when the 5

tated-t d duct f l'ificat
oroquct wadasstbirERAR eaA B GBRSTANG  bout 40 M nut oo el apsed.
whil e t duct t ob d.inth
presench of Mt S o CpC B 8 P BRVRLAL ANl SR SR

Thus, it wggepamdess éh@éctﬁd}escbl&@mﬁfcoml%lﬂ@ﬂewﬂm @!ixliﬁé&t;gﬁh&tmtsr}wclo
possible. 75 CLAIM 1. apl)rl mer set conprising at | east rimers that

al lows a t&2QaMapél 8%, K 16 orMar@E1)130 b el CanpVl, fMgS%MenM)nbfaaimer st

primer incl t r end

sequence (,&E&@dtq}‘i‘éﬁ “ﬁ@éﬁ%@em(égﬁ e%yeé?%?&\f%eﬁbéﬂeﬁ%etﬁﬁg end
portion of i i on the 5
S e of the eaaraaioRans) B AT ALY e o PRIRR, EREL MR,

conpl eh@nt avycadoaidne ehz(itBﬁl)ovﬁ@edﬂS@ qoerfclei (ﬁﬂi)ltlbh dindlB) ps eseplaterf40 hg) S’
side with resp%ﬂt to the_sequence in the target nucl eic acid se uence

and a secodd0p¥ladearhef fideand B3 ﬁéo o ﬁﬁﬁa@é@ Eoep Biams, LoapR.t 609
R 2 e, Gty ok g 10 2 seavence (0 Tacaied'lo e
sequence, and al $QEHYNARS a 1RRchAE sSlutDnd@s5qfL) ey inEIHE T6Bowing
composition was prepared as a reaction solution containing a mutated-type
15  inner primer: Tris-HCI (20 mM, pH 8.8), KC1 (10 mM), (NH4)2S04 (10 mM),
MgSO4 (4 mM), betaine (0.8 M), Tween20 (0.1%), dANTP (0.5 mM), 8U Bst
DNA polymerase (NEW ENGLAND BioLabs), SYBR GREEN I (Molecular
Probes, Inc.) (with a concentration that provided 100,000-fold dilution finally),
a template (40 ng), 400 nM of each of F3 and R3, 800 nM of each of LoopF
20 and LoopR, 1600 nM of each of FM and RM, and MutS (0.8 pg).
Each of the above-mentioned reaction solutions was incubated at
60°C for 180 minutes. The template was allowed to react while being
maintained in the double-stranded state. The same experiment was carried
out with respect to a reaction solution containing no MutS. The production
25  of amplification products was monitored using a real-time fluorescence
detection system Mx3000P (manufactured by STRATAGENE).
The results of the experiment are shown in FIG. 16. In this
experiment, since the human genomic DNA containing no mutation was used
as a template, an amplification product should be obtained when the

30  above-mentioned wild-type inner primer was used, while no amplification



(Cc'), a folded sequence (D-Dc') that contains, on the same strand, two
nucl eic acid sequences that hybridize to each other. 2. The prinmer set
according to claim1, further conprisingeg third primer that hybridizes to
the target nucleic acid sequence or the npl enment ary sequence thereto,
wherein the third primer does not conpete with other priners for

hybridi zation to the target nucleic acid sequence or the conplenentary
sequence thereto, when the anplification product of the first prinmer and

the second ;ﬁrghﬁsfsmgars%%mai@df\gh@nghé M@ga{c&ﬁés M%errtegs}gﬁagew& ﬁéédrer can

anneal to t target nucleic acid sequence tha inthe single
strand portA@ordiagdotFiiGs 1, v tHeewildrigpk intet ﬁfi@n@cdvas segdieshee cont ai ned
in the anplification product to be provided with a new starting point for
conpl ement arpdugtion pfiasppepdieasiomprofyst prdsersezeed affen alipwy28 snisusesm 1 or

et woen tné RIS dihe A DEN BT 5 O B9 AFPRART WheRHRET, o
range of - nQfhtb@-t ghQriqulég”@ﬁﬁle% WeHaL&s th@%rﬁ%ﬂ&%n gfl; aRASSTFAMA ned in

the sequence (Ac’ i ndi cates the nunber of bases contained in a

regi on fl apreduttywahebsawqdaenche @Apemedoft MatS edterrdeut B innbtes ol ayspelt

nucl ei c acggf egyence and en an_ intervening sequence i s present between
o

the sequend®{H 9 PEINCEIRE o e eamplificatipnimrod Het was ek pbserveddp he
{X-(Y-Y)}/ ?r feax{?B o MaWE iVV-h%.'n etr%agfﬁglq ’W%&)rneduf)ét%d; Por%hqgg beird he same

as describe ove, and ndicates the numpér o ses'contarnéd in the
i nterveni ngagquUeRae prded that the mimuﬁmmﬂ{&é&%&%ﬁmtg?ﬁ% of clainmns
1 to 3, wherein in the second priner, the folded sequence (D-Dc') has a

| engt h1@®f Possb¥0O00 nucl eotides. 5. The primer set according to any one of
clains 1 to 4, wherein at |east one prinmer included in the priner set has
a solid-phase support or a site that can bind to a solid-phase support. 6.
The primer set according to claimb5, wherein the solid-phase support is one
selected fromthe group consisting of a water-insoluble organic polyner
support, a water-insoluble inorganic polymnmer support, a synthetic polyner
support, a phase transition support, a netal colloid, and a nagnetic
particle. 7. The prinmer set according to claim5 or 6, wherein the site
that can bind to a solid- phase support is selected fromthe group
consisting of biotin, avidin, streptoavidin, an antigen,



an anti body, a ligand, a receptor, a nucleic acid, and a protein. 8. A

met hod of anplifying a target nucleic acid sequence contained in a tenplate
nucleic acid, the method conprising: (R) preparing a tenplate nucleic acid
containing a target nucleic acid sequencCe; (b) preparing a priner set
according to any one of claims 1 to 7; and (c) perform ng a nucleic acid
anplification reaction in the presenCeAdMI he tenplate nucleic acid using
the primer set. 9. The nethod according to claim8, wherein the nucleic
acid anplification reaction is perforned isothernally. 10. The nethod

according to g£hahfa §et%m%ns &f Rhdt tho Wé??ﬂé?%ld%@svd ﬁg%e%hﬁ@r&@ acili ssQhcpeement
ability is used. 11. od accor ng to any one clains 8 to 10,

wher ei n tolbe amplified.c aC|d anpllflcatlon reaction is perforned |n the

presence of a nelti e erature adj ust.in ent.

ecorat ng.t o erar e st GRS MR AR e e 85 hugs, i T o PR PRLPRG:
react i oneiysenp€ (AN ﬂﬁ@hylshdxﬂ@ t@ heSQRSE: OA) IdBated AY1lE 3S§rﬂ13;bdrt16m aﬂthaga&gét 77
13. A nmethod of determ ni ngi t he presence or absence of mutation In
nucl ei ¢ Taeleir ackbepgppece. aihila prndeing on theé) %@%O%@p HeRIERES (é\c ) ﬁéewp%@ )

conpri s 'tﬁ'ﬂ ﬁ?h?gsr foRAdd Trﬂg?ﬁelﬂw s%?&en?g l(%%)sta en@:@ A]Sé)&&l 'i)%eﬁgnt%nptﬁé ger set

accordi ng t one 0 al ims e3| at a nucleic
aci d seq;u&:rmeh mspdsttthSEdpmut:e (Aeinnid akdeonusleic\wes &Quemcé,aemget nucl ei ¢ acid
sequence, and a nucl eot i, de re JC{EE associated. with the pnutation is

cont ai ned i n %8 Heer inglpgled 1n e piRRE &t CRY!AINSy Indise GRRANEOPCY SCUMFY( ¢)
per f or m@g ) l}'i%ﬁéh%e@t%' adse&{ﬂéﬂcle f(t?f%%ht@&‘ n{ @fé%t’ !ef?&‘gbrﬁoh Bea RESPRAGRL) the

nucl eic ‘acid sanple using the prinmer e nmethod according to
cl ai m 13¢quehet @i the tdrgetmucled amdaquermmand alsxamm:nm; @adh¢ Hrsidesof thesdayenssd i n

t he presgn m_snat r.ot e| 15. The thod accordl ng to
claimi1 8 ﬁhaeﬁ)é(ii% %ﬂ%ewzﬂ&?%ﬂﬂ‘ﬁ?g‘aﬁﬂas SPIRE PG S0y W WsH6, or a
mxtures@@uehy,\@,tﬁét}jyghgu@ftogm%he% The net hod accordi ng to any one of
claims 13 to 15, wherein the nucleic acid anplification reaction is

perfornmed isothermally.
2. The primer set according to claim 1, further comprising a third primer that hybridizes

to the target nucleic acid sequence or the complementary sequence thereto,

wherein the third primer does not compete with other primers for hybridization to the
target nucleic acid sequence or the complementary sequence thereto,

when the amplification product of the first primer and the second primer becomes a
single strand partially, the third primer can anneal to the target nucleic acid sequence that is
present in the single strand portion, and this allows the target nucleic acid sequence contained
in the amplification product to be provided with a new starting point for complementary

strand synthesis.

3. The primer set according to claim 1 or 2, wherein in the first primer, when no
intervening sequence is present between the sequence (Ac’) and the sequence (B’), a ratio (X-
Y)/X is in a range of —1.00 to 1.00, where X denotes the number of bases contained in the
sequence (Ac’) while Y indicates the number of bases contained in a region flanked by the
sequence (A) and the sequence (B) in the target nucleic acid sequence, and when an
intervening sequence is present between the sequence (Ac’) and the sequence (B’) in the
primer, a ratio {X-(¥-Y"')}/Xis in a range of ~1.00 to 1.00, where X and ¥ denote the same as

described above, and Y" indicates the number of bases contained in the intervening sequence.



17. The method according to any one of clains 13 tol 6, wherein a pol ynerase
havi ng strand displacenent ability is used. 18. The nethod according to
any one of claims 13 to 17, wherein the,nucleic acid anplification
reaction is perforned in the presence of6 a nelting tenperature adjusting
agent. 19. The nethod according to any one of clains 13 to 18, wherein the
nucl ei ¢ 4ci d Tlanpimén sebatdconfing@cinyameiod claen$ otor@dwvhaereinhe thprsesancminér, an
enzyne stabilizing agent. ,20. met hod of term njng the presence or
absence tg? ?cgdgﬁqegﬁ?r};%?@fl)? ﬁg@?ﬁ%‘ﬁ&‘oqf%am lé)gﬁ@éﬁlé‘émieﬁ' a nucleic acid
sequence contained in a nucleic acid sanple, the nethod conprising: (a)
preparing a nucleic acid sanple; (b) preparing a priner set according to
any one %f clBiepimenset goptding osanyesegfickingl 784, whritinat tasil asie@riaesr d
sequence_w t h or, wi thout se nce associated.wi.th a del.etion.or,insertion
sorves aathe it biadte: B S E M OERE RS GGt e BB ASRIPRME T he

del eti onupport.nsertion is contained in a sequence (A), a sequence (B), or a
sequence (C), or is positioned between the sequence (A) and the sequence
(B) or between the sequence (A) and the sequence (C); and (c) performng a
nucl ei c acidﬁﬁggj' ' ' g t ' e : ' id
sanpl e uééi ng t dﬁﬁ%@?&%@#%@d%&’&eﬁeﬁgg%fc%gl?g]?lﬁgéS[U%B%tg* %egégfec\%ﬁerei n
in the froocésserdly) corgispng 0ea waet-ihslyilepaieid polhindr suppdae i watedinsaubleat t he
site associated with the deletjon or insertion is positioned between the
seque nc RIS RIS SURGHe A SEII B PV HIHE HBE S S HEBHERTHPErc) BRI 20 or

21, V\hel’cgﬁ&d'gmz§ﬁﬁgﬁaﬁ%aﬁﬁgci ated with the deletion or insertion is an
introni c sequence that i's contained in a gene on a genone. 23. The nethod

according to any one of clainms 20 to 22, wherein the target nucleic acid
sequence i s .. 24. The net hod,according ta any.one of clains 20.to 23,
wher i nt e MUEISFES 56l HeoHg Petag T on-recen B € Burre PHEdSPeBier mal | .
25. The phrdchogp@e &etbicRd o ﬂ[b}’%r_@ﬁiﬁ cOMsitingioThicdR, hAdth, stdpRs SiidinfarPAltigeRr ase
having strand displacenent ability is used. 26. The nethod according to
any one apRnihadyng liggd; 8 2gepiiner @ickeie hadnand epreteiisi d  anpl i fication reaction
is performed in the presence of a nelting tenperature adjusting agent.
8. A method of amplifying a target nucleic acid sequence contained in a template nucleic
acid, the method comprising:
(a) preparing a template nucleic acid containing a target nucleic acid sequence;
(b) preparing a primer set according to any one of claims 1 to 7; and

(c) performing a nucleic acid amplification reaction in the presence of the template

nucleic acid using the primer set.

9. The method according to claim 8, wherein the nucleic acid amplification reaction is

performed isothermally.

10.  The method according to claim 8 or 9, wherein a polymerase having strand

displacement ability is used.

11.  The method according to any one of claims 8 to 10, wherein the nucleic acid

amplification reaction is performed in the presence of a melting temperature adjusting agent.

12 The method according to claims 8 to 11, wherein the nucleic acid amplification

reaction is performed in the presence of an enzyme stabilizing agent.



27. The nmethod according to any one of clains 20 to 26, wherein the nucleic
acid anplification reaction is perforned in the presence of an enzyne
stabilizing agent. 28. A nethod of detqﬁnining the presence or absence of a
mutation in a nucleic acid sequence contained in a nucleic acid sanple,
the nethod conprising: (a) preparing a nucleic acid sanple; (b) preparing a
primer set according to any one of clains | to 7 that allows a target

nucl ei ¢ aci d sequence. contai.ning a site associated with a nutation to be
Aol (11 6. 1 HATHHIHGE AT GURE BEisResaesy rachce 8" & FNEHon At et one
primer ighdhdeeodtBinbds PRiIIBE aéi@tsa&gw, bl B&8od Qorﬁgrié?hy eic acid sequence
contained in the nucleic acid sanple or a conplenentary sequence thereto,

at | east one (al peptrote vewleic abidtsmmple; t he at | east one primer and the

nucl eic acid equence or._the conpl.enmentary s ence .t t.0o,, dependi ng on

the presence (Bf prggw&aer-)réxper Steﬁgccﬁ%lhﬁg?%?ﬁy a-!f‘f’?aoi%gzﬁlmﬁ;t? gﬁh‘ﬁﬁﬁa%lﬂﬁglsgi c acid
arr_pl ifi GRdtlaQfucledgdid @@]ubﬂce_t\hﬁh 193 @&E&ﬁ&h@fnu@aﬁ!&h%&&wﬁh a hidndeRraeidei n,

using the primer set in which the nucleic acid sanple serves as a tenpl ate.

29. The SAg#Hee aad éongicagde wsidnapspooigtedyich Biermutpiéorpisicapiaingd in a SERIRACE he
targetngﬁ_ugkg?mﬁgkg%§§ggg CéR%pg?@nplified isothermally, and the nucleic
i er

acid a fication réaction is ornmed isothermally. 30. The net hod
accordi ng t o (c) mErfondé gt nid%eic whid aeiphi fichgorieactiindh tid mesange pf dfeaiudleisacidvut S,

MBH2, MSH6,, or ., a mxture of two or nore of them 31. The nmet hod according
to any 6W@p5ﬂmeﬁ%ﬂgﬁnﬁﬁr§%-30, wherein the first priner is designed so
that at | east one m smatch occurs between the sequence (A) and the sequence
(Ac'), depending on the presence or absence of the nutation, or the first
pri mer ild. desihgmedhabaccohiling wtcléionsl, vdrecimitlsmtchiic agd amplibettiveerattive is

sequence e nd, t he sequence ') ... dependi.ng on the presence or absence
of the Rﬁ{fgﬁ%ﬁpq%ez?re%gﬁg?%ﬁéggﬁapﬁl?%prf’ "ny one of claims 28 to 30,
wherein the second priner is designed so that at | east one m snatch occurs
bet ween the sequence (C) and the sequence (Cc'), depending on the presence
or absenée oflhemeethast scpuling RFlairhid, verereid theopisratahdinding pyoteingds HfutB) ai ms
28 to 3 rei e '!rg%r t s th rimer set according to claim 2,
and the%%ﬁ?’ygﬁgh%&ﬁns esFé‘?{g rgl(?r%ﬂﬁihe%hen the third prinmer hybridizes
to the nucleic acid sequence contained in the nucleic acid sanple or the
16.  The method according to any one of claims 13 tol5, wherein the nucleic acid

amplification reaction is performed isothermally.

17.  The method according to any one of claims 13 to16, wherein a polymerase having

strand displacement ability is used.

18.  The method according to any one of claims 13 to17, wherein the nucleic acid

amplification reaction is performed in the presence of a melting temperature adjusting agent.

19. The method according to any one of claims 13 to18, wherein the nucleic acid

amplification reaction is performed in the presence of an enzyme stabilizing agent.

20. A method of determining the presence or absence of a deletion or insertion of a
sequence in a nucleic acid sequence contained in a nucleic acid sample, the method
comprising:

(a) preparing a nucleic acid sample;

{(b) preparing a primer set according to any one of claims 1 to 7 that is designed so



conpl enentary sequence thereto, at |east one m smatch occurs between the
third primer and the nucleic acid sequence or the conpl enentary seqguence

t hereto, depending on the presence or .ghsence of the nutation. 34. The

met hod according to any one of clains to 33, wherein a pol ynerase having
strand di spl acenent ability is used. 80 35. The nmethod according to any
one of dhatiamucksc aad Seqllexm,ewﬂh Qr w&thomumdeqilmcaaksd:ciamdpwtﬁadaheﬁmnoxriaamibmn is

erfornmed in t resence a nmeltin eratu n ent .

e et oA etaruPRelae shuthe it R DR gt T i G35 RS
acid  anphtdideah la@,eqsdeﬁa&m)oa sbfucR8¢ {EW Mséqueﬁdaf{cp rB3EPESRHed BRERE YIE
stabilizing agent Kit for determning the presence or absence of a

mut at i orfeqyenge Hukbangd the aequan@e@)@mbetwe@o thesdeqeence KA hamdidie stqueaced 63)sam1dp| e,
the kit t ; d
(e L COMBT Phaond e TR RS I P e BRI

sequencaampht winy the pangt t@. aSSOCIated wth a nutation to be anplified, at
| east one priner included in the priner set being designed so that when
the at | east one prinmer hybridizes to the nucleic acid sequence contained

in the nycl e'ﬁeq&étﬂocggazekﬁ £l aalﬁpﬂq) il ah%%eﬁﬁg%égygﬁda @%éﬁ&? s eagpa!r@cﬁst

one m smatch occurs between’the at one he nuc acl d
sequencéhains ddsezned sp thertnrtsite psse goeinveith tﬂme:remmn ofl épenthinng positibied Hetvesance

or absence of mu i on The kit according to claim37, wherein the
pri ner 2@? §Pﬁﬁﬁgg?ﬁ@}§§F&@Fmﬁﬁ€$blc acid sequence to be anplified
isothermally. 39. The kit according to claim37 or 38, wherein the m snmatch

binding protein is MutS, MsSH2, MSH6, or a mixture of two or nore of them
40. The2Rit éfdﬂ@@mﬂhmbaqcord@mg/tomﬁenniocﬂ%k nehe®in the s8@uensh essociatadhwitlf fhest

pri mer ned.. so tha east h occurs between the

s equencéigl(eg@% gﬁ@s?rﬁgn §&4u hgglc (VS a@gﬁecﬁ’ H%ﬁdﬂ A&58° PP 8RB or absence
of the mutation, or the flrst prinmer is designed so that at |east one
nlsnatch occurs between the sequence (Be) and the sequence (B ), depending
on the2pr esdheBcghodassendans ofanyeac ghelaimo tv22, wheeeik the taggebrenleiga¢id any
one of Qé(ﬁfeH@e@?n 39, wherein the second prinmer is designed so that at
| east one  m snat Cc occurs bet ween the sequence (C) and the seguence

24, The method according to any one of claims 20 to 23, wherein the nucleic acid

amplification reaction is performed isothermally.

25.  Themethod according to any one of claims 20 to24, wherein a polymerase having

strand displacement ability is used.

26. The method according to any one of claims 20 to25, wherein the nucleic acid

amplification reaction is performed in the presence of a melting temperature adjusting agent.

27. The method according to any one of claims 20 to 26, wherein the nucleic acid

amplification reaction is performed in the presence of an enzyme stabilizing agent.

28. A method of determining the presence or absence of a mutation in a nucleic acid
sequence contained in a nucleic acid sample, the method comprising:

(a) preparing a nucleic acid sample;

(b) preparing a primer set according to any one of claims 1 to 7 that allows a target

nucleic acid sequence containing a site associated with a mutation to be amplified, the primer



(Cc'), depending on the presence or absence of the nutation. 81 42. The
kit according to any one of clains 37 to 39, wherein the priner set is the
prinmer set according to claim2, and the third priner is designed so that
when the third primer hybridizes to the nucleic acid sequence contained in
the nucleic acid sanple or the conplenentary sequence thereto, at |east
one m snwt béingdedigizdizetthve evhenhae ldakti and pomiarincladed in theepriaed set kytacliabs seguence

or the conpl.enmentary sequence, thereto, depending on th resence or
absence BROGHEEHET GO et g lcie agH GRABIS AHNPRSTEHR Y SPRES 37 t o
42, furtigletd; MREdt Dho thidn ROk ¥EREEBQwe BN RO Bl AR Pritc? RhAGRTRIRLciARId I LY.
44. A nethod of determning the presence or absenCe of a mutation in a
nucl ei c ssgiehce setheenowlaamtaly seglicnae theraie depending on Bwmpesence dretbpench od

conpri sing: ). preparing a nucleic acid sanple; (b) preparing a prinmer set
accordnggP%£§%V’%ﬁg of claimse | to 7 that allows a target nucleic acid
sequence cOnt(@) firgminga hiléis 30 Agdicaislireactiod AlthOPrebenchof ambmakcrd; (c)
preparing a nucleic acid fragnent that hybridizes to the target nucleic
acid sdbiding arojein, sk the priges pyie whidh thp auclgieasid WEMAILIEs@s adParRitagnent
hybridi zes to a nucleic acid sequence contained in the nucleic acid sanple
or a conplenentary sequence thereto, at |east one m smatch occurs between
t he nucl®i c adiednéthad)aotdiagd ¢tlhien DROVIErain alod phirseuee aldews tie tirpet nucleic

conpl ement ary sequence thereto, dependi on the presence or absence of the
mut at i ofCIGEITHUIEY tfp@? ?@Pﬂﬁﬁﬁwaﬁﬁﬁe pemE%ff@ualﬂﬂ 1] GRPPGFHORATCHENIS n ¢ he
pr esencgeahrRedis§iBiNy, i nding protein and the nucleic acid fragment,
using the primer set 11 which the nucleic acid sanple serves as a

tenpl ate. 45. The nethod according to claimd44, wherein the priner set

al | ows et et _npucleic.. acid seguen t.0o be anplifi 1 sot hernal.ly, and
FhemocrDr e TRahafinf s fins B SpB e POES g AR R b B RETFD R Yo Fhe
et hod ageS! MIHR, MSKE6 air ke of Bwo WhRLR! 6F th&g. M smat ch binding protein is
MutS, MSH2, MSH6, or a mixture of two or nore of them 47. The net hod

according to any one of claims 44 to 46, wherein a polynerase having
strand %'1 S pl A%¢ %&ﬁ()d’ig)dc!)f&l%{g {osan'ffso%%'of claims 28 to 30, wherein the first primer is

designed so that at least one mismatch occurs between the sequence (A) and the sequence
(Ac"), depending on the presence or absence of the mutation, or the first primer is designed so
that at least one mismatch occurs between the sequence (Bc) and the sequence (B’),

depending on the presence or absence of the mutation.

32. The method according to any one of claims 28 to 30, wherein the second primer is
designed so that at least one mismatch occurs between the sequence (C) and the sequence

(Cc’), depending on the presence or absence of the mutation.

33. The method according to any one of claims 28 to 30, wherein the primer set is the
primer set according to claim 2, and the third primer is designed so that when the third primer
hybridizes to the nucleic acid sequence contained in the nucleic acid sample or the
complementary sequence thereto, at least one mismatch occurs between the third primer and
the nucleic acid sequence or the complementary sequence thereto, depending on the presence

or absence of the mutation.

34.  The method according to any one of claims 28 to 33, wherein a polymerase having

strand displacement ability is used.



82 48. The nethod according to any one of clains 44 to 47, wherein the
nucleic acid anplification reaction is perfornmed in the presence of a
nelting tenperature adjusting agent. 49. The nethod according to any one
of clainms 44 to 48, wherein the nucleic acid anplification reaction is
performed in the presence of an enzyne stabilizing agent. 50. A kit for
determ ning the presence or absence of a nutation in a nucleic acid

| ' | ej i Le, the Kit. i si ng:
ot S el Rl B MRS by 8 PR 2B S B G
cl ai ns Janﬁcfﬂiﬁ?:aﬁ&ﬂﬁeaé‘tlidrﬁ%eﬁo&ﬁéﬂﬁ&hé‘ﬁék&{cg o@g k%ltixgﬁgﬁefaﬁlrﬁﬁﬂﬁh%@ n@ site

associated with a nutation to be anplified; ( nucl ei ¢ acid Tragnent

that hybridizes to the target nucleic acid sequence, the nucleic acid

f bei ng_desi wh | el id f hybr i di
e T N R
conpl enentpifitas@oteenid ishbEbahidl indhe hrRaSice 0Nen BAMRL £4biREEL ASenbet ween t he

nucleic acid fragment and the nucleic acid sequence or the conpl enentary
sequence thereto, depending on the presence or absence of the nutation.

51. The ki t i . I L0t I .S . r get
el oi ¢ Bt o BLr e M Brotin IS o 8 ! il QR oLty 00
t o cl ai rebined ih4 nuvlbieraeidsanipde, thskintehptdingti ng protein is MutS,  NMsSHZ,
MBH6, or a nix}ure of two or nore of them 53. The kit according to any one
of clains 50 @ BEMateh PRANSPEHEH; &g a pol ynerase having strand

di spl acenent (G prididr sebERAGE dhn3dila s cﬁ%@%ltﬁ'ﬂ%ﬁ&é Aflowka tQ%@tf RiclBiVikynaga

Phar naceuti cal ., Ltd. <120> Met'hod for Anplification of Nucleic Acids
and Use seqsaceafntfiningBetteasiosiatal with e amnttathnctodearmidifigd, atddB0onBiBEIPX
<150> J IiDnc 19(9%_161 ]éolg)n?’mefs]é? g‘fﬁngz 895§én]é%_s%§hat when the at least one primer hybridizes to
the nucleic acid sequence contained in the nucleic acid sample or a complementary sequence
thereto, at least one mismatch occurs between the at least one primer and the nucleic acid
sequence or the complementary sequence thereto, depending on the presence or absence of

the mutation.

38.  The kit according to claim 37, wherein the primer set allows the target nucleic acid

sequence to be amplified isothermally.

39. The kit according to claim 37 or 38, wherein the mismatch binding protein is MutS,

MSH2, MSHS6, or a mixture of two or more of them.

40. The kit according to any one of claims 37 to 39, wherein the first primer is designed
so that at least one mismatch occurs between the sequence (A) and the sequence (Ac’),
depending on the presence or absence of the mutation,or the first primer is designed so that at
least one mismatch occurs between the sequence (Be) and the sequence (B?), depending on

the presence or absence of the mutation.

41.  The kit according to any one of claims 37 to 39, wherein the second primer is
designed so that at least one mismatch occurs between the sequence (C) and the sequence

(Cc"), depending on the presence or absence of the mutation.



<150> JP 2004- 313910 <151> 2004-10-28 <160> 24 <170> Patentln Ver. 2.0
<210> 1 <211> 38 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Pringr <400> 1 ggatatatat atatccactg
aacaaat gcc acataaag 38 <210> 2 <211> <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Priner <400> 2
gcagcat ctc cdHsddaazardicant aggng o30laimRiDr B, wdikicm 80 pre2d 2zt BN b &>
Artificial Seguence 2 <22Q> <223> Description of Artifi.cial :
Sequence&CHIge ng@zfé@m%aagé@f‘g Fre Reimes drdesiengd so et 8’@@‘8’6@2%& 4 <211>

18 hybridizes to the nucleic acid sequence contained in the nucleic acid sample or the
complementary sequence thereto, at least one mismatch occurs between the third primer and
the nucleic acid sequence or the complementary sequence thereto, depending on the presence

or absence of the mutation.

43.  The kit according to any one of claims 37 to 42, further comprising a polymerase

having strand displacement ability.

44. A method of determining the presence or absence of a mutation in a nucleic acid
sequence contained in a nucleic acid sample, the method comprising:

(a) preparing a nucleic acid sample;

(b) preparing a primer set according to any one of claims [ to 7 that allows a target
nucleic acid sequence containing a site associated with a mutation to be amplified;

(c) preparing a nucleic acid fragment that hybridizes to the target nucleic acid
sequence and that is designed so that when the nucleic acid fragment hybridizes to a nucleic
acid sequence contained in the nucleic acid sample or a complementary sequence thereto, at
least one mismatch occurs between the nucleic acid fragment and the nucleic acid sequence
or the complementary sequence thereto, depending on the presence or absence of the
mutation; and

(d) performing a nucleic acid amplification reaction in the presence of a mismatch
binding protein and the nucleic acid fragment, using the primer set in which the nucleic acid

sample serves as a template.

45.  The method according to claim 44, wherein the primer set allows the target nucleic
acid sequence to be amplified isothermally, and the nucleic acid amplification reaction is

performed isothermally.

46 The method according to claim 44 or 45, wherein the mismatch binding protein is

MutS, MSH2, MSHG6, or a mixture of two or more of them.

47.  The method according to any one of claims 44 to 46, wherein a polymerase having

strand displacement ability is used.



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Prinmer <400> 4 taagaactcg ctttatac t8 <210> 5 <211> 18 <212>
DNA <213> Artificial Sequence <220> <%§3> Description of Artificial
Sequence: Primer <400> 5 tcttcaacag tcaftacc 18 <210> 6 <211> 156 <212>
DNA <213> Honp sapiens <400> 6 aagcttttaa agcatcctoa ttttatgtcc aacatcagag
acttaatact gaacaaatgc 60 cacataaagg taatgactgt tgaagaagat ttaacttaac

tett tcact 120, actcgettt tcagtgg tittgggtt tttg 156
2210>"7 151 1T HEOnen G 1o BRI SR ERe i Sa i G s T HHALEYac
aaat QCC?%?lffﬁﬁﬁ&Qﬁeﬁé’tﬁongi@gE%ﬁ%% bdic@ds QH%&geg%re hgasaAd et

ctaagaactc gctttatact cagtgctttt gggttggg 108

49.  The method according to any one of claims 44 to 48, wherein the nucleic acid

amplification reaction is performed in the presence of an enzyme stabilizing agent.

50. A kit for determining the presence or absence of a mutation in a nucleic acid sequence
contained in a nucleic acid sample, the kit comprising:

(a) a mismatch binding protein; and

(b) a primer set according to any one of claims 1 to 7 that allows a target nucleic acid
sequence containing a site associated with a mutation to be amplified; and

(¢} a nucleic acid fragment that hybridizes to the target nucleic acid sequence, the
nucleic acid fragment being designed so that when the nucleic acid fragment hybridizes to the
nucleic acid sequence contained in the nucleic acid sample or a complementary sequence
thereto, at least one mismatch occurs between the nucleic acid fragment and the nucleic acid
sequence or the complementary sequence thereto, depending on the presence or absence of

the mutation.

51.  Thekit according to claim 50, wherein the primer set allows the target nucleic acid

sequence to be amplified isothermally.

52. The kit according to claim 50 or 51, wherein the mismatch binding protein is MutS,

MSH2, MSHS6, or a mixture of two or more of them,

53. The kit according to any one of claims 50 to 52, further comprising a polymerase

having strand displacement ability.



<211> 108 <212> DNA <213> Honp sapi ens <400> 8 aat actgaac aaatgccaca

t aaaggt aat gactgttgaa gaagatttaa cttaacatct 60 tgcaggatca ctaagaactc
gctttatact cagtgctttt gggttggg 108 <210> 9 <211> 100 <212> DNA <213> Hono
sapi ens <400> 9 acaagatgtc ggggagt ggc cgggagttgg gcgagtacgg gctccaggca
tacactgaag 60 tgaaaactgt gagtgtggga cctgctgggg gctcagggcc 100 <210> 10
<211> 32 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Primer <400> 10 tttatatata tataaaccgg gagttgggcg ag 32
<210> 11 <211> 30 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial SEYdeheBTHEi mer <400> 11 cgagtacggg cccacactca

cagttttcgﬁ099m35210> 12 <211> 18
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Q100 1

<Z11> 38

<212> DNA

213> Artificiai Sequence

220>
<223> Description of Artificial Sequence:Primer

<400> 1
ggatatatat atatccactg aacaaatpoc acatasag 38

<210> 2

211> 30

<212> DNA

<213> Artificial Seguance

220>
<223> Description of Artificial Sequence:Primer

<400> 2
geagcatcac caacccaaaa geactgagta 30

2100 3

211> 30

<Z212> DNA

<213> Artificial Sequence



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer <400> 12 4 acaagatgtc ggggagtg 18 <210> 13 <211> 18
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer <400> 13 cctgagcccc cagcaggt 18 <210> 14 <211> 15 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: A i gonucl eoti de <400> 14 gcaggcatac actga 15 <210> 15 <211> 15
<212> DNA <213> Artificial Sequénce <220> <223> Description of Artificial
Sequenceié%;gonucleotide <400> 15 gcaggcatac actaa 15

<223> Description of Artificial Seauence:Primer

<400> 3
geaggatcac caacccaaaa goactgagta 30

210> 4

211> 18

212> DNA

<213> Artificial Sequence

220>
<228> Description of Artificial Seauence:Primer

<400> 4
taagaacteg ctttatac 18

<2105 &

<211> 18

<212> DNA

<213> Artificial Sequence

<2200
{223> Description of Artificial Sequence:Primer

<400> 5
tottcaacag tecattace 18

210> 6

<211> 156

<212> DNA

<213> Homo sapiens

<400> 6

aagettttaa agoatecctoas ttitatgtcc aacatcagag acttaatact gaacaaatec 60
cacataaagy taatgactgt tgaagaagat ttaacttaac atcttgcage atcactaaga 120
actegettta tactcagtge tittepetty gettig 156

2105 7

<{211> 108

<212> DNA

<213> Homo sapiens

<400> 7
aatactgaac aaatgocaca taaaggtaat gactgttgaa gaagatttaa cttaacatet 60
tgcagcatca ctaagaacte gotttatact cagtgetttt gegttegs 108

<210> 8



<210> 16 <211> 187 <212> DNA <213> Hono sapiens <400> 16 attttccaga
aacgtttcga ttataaagat cagcaatttc ttaacttgat ggaaaaattg 60 aat gaaaaca

t caggat t gt aagcaccccc tggatccagg taaggccaag ttttttgectt 120 cctgagaaac
cacttacagt ctttttttct gggaaatcca aaattctata ttgaccaagc 180 cctgaag 187
<210> 17 <211> 28 5 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequque:Priner <400> 17 tccaggggtc ttaacttgat
ggaaaaat 28 <210> 18 <211> 27 "<212> DNA <213> Artificial Sequence <220>
<223> De% ﬁ£ don of Artificial Sequence:Prinmer <400> 18 ggatccaggc
ccagaaaag %gggﬁtgt 27 <210> 19 <211> 28 <212> DNA <213> Artificial

Sequence<ﬂ omo sapiens

<400> 8
aatactgaac aasatgccaca taaaggtaal gactgtipgaa gaagatttaa cttaacatct 60

tgcaggatoa ctaagaactc petttatact cagtgettitt geettepe 108

210> 9

<2115 100

<212> DNA

<213> Homo sapiens

<400> 9
acaagatglo ggggagteec cgggagttege gopagtacgs gotgcageca tacactgaag 60
tgaaaactet gagtgtegea cotgotggee potcagepce 100

<O 10
{2115 32
<212> DNA
<213> Artificial Sequence

<2200
<223> Description of Artificial Ssquence:Primer

<400> 10
tttatatata tataaacceg gagttgepgce ag 32

<210 11

<211> 30

<212> DNA

<213> Artificial Sequence

Q20>
<223> Description of Artificial Sequence:Primer

<400> 11
cgagtacgge cccacactca cagttticac 30

Q10> 12

211> 18

<212> DNA

213> Artificial Sequence

<2200
223> Description of Artificial Seauence:Primer

<400> 12



<223> De
ttaacttg
Sequence
gaat ccag
Artifici

<213> Ar

DNA

scription of Artificial Sequence:Prinmer <400> 19 ttcaggggtc
at ggaaaaat 28 <210> 20 <211> 27 <212> DNA <213> Artificial

<220> <223> Description of Artificial Sequence:Prinmer

<400> 20

gc ccagaaaaaa agactgt 27 <210> 21 <211> 15 <212> DNA <213>

al Sequence <220> 6 <223> Description of Artificial
Sequence: Primer <400> 21 tccagaaacg tttcg 15 <210> 22 <211> 16
tificial Sequence <2204 <223> Description of Artificial
Sequence: Primer <400> 22 agggcttggt caatat 16 <210> 23 <211> 18

acaagatetc gggragte 18

Q210 13

211> 18

<212> DNA

<213> Artificial Sequence

Q20>
<223> Description of Artificial Sequence:Primer

<400> 13
cetpagecce cageaget 18

210> 14

211> 15

<212> DNA

<213> Artificial Sequence

<2200
223> Description of Artificial Sequence:0ligonucieotide

<400> 14
geagecatac actga 15

210> 15

211 15

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:0ligonucieotide

<400> 15
geaggeatae actaa 15

<210 16

218> 187

<212> DNA

<213> Homo sapiens

<400> 16

attttccaga aacgtitcga ttataaagat cagcaatttc ttaacttgat ggasaaattg 60
aatgaaaaca tcaggattgt aagcaccece tggatccagg taaggocaag ttttttgett 120
cotgagaaac cacttacagt ctttttitet ggeaaatcca asattctata ttgaccaage 180
cctgaag 187

<2105 17
<211> 28

<212> DNA
<212>



<213> Artificial
Sequence: Pri nmer

DNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Pri ner

Sequence <220> <223> Description of Artificial

<400> 23 gcttacaatc ctgatgtt 18

<400> 24 gtaaggcoaa gttttttg 18

212> DNA
213> Artificial Sequence

<2205
223> Description of Artificial Sequence:Primer

<4005 17
toccaggeggtc ttaactigat ggaaaaat

10> 18

e 2

<212> DNA

{213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Primer

<400> 18 .
ggatccages ccagaaaaaa agactgt

<210> 19

211> 28

<212> DNA

<213> Artificial Sequence

Q220>
€223> Description of Artificial Sequence:Primer

<400> 19
ttcagegete ttaactteat gpaaaaat

<2105 20

Q1> 21

<212> DNA

<213> Artificial Sequence

Q200
<223> Description of Artificial Seauence:Primer

<400> 20
gaatccagge ccagaaaaaa agacipt

<o 2

211> 15

<212> DNA

213> Artificial Sequence

<2205

<210> 24 <211> 18

28

27

28

27

<212>



6
223> Description of Artificial Sequence:Primer

<400> 21
tecagaaacg titog 15

<210> 22

SVARPIR ]

<212> DNA

213> Artificial Sequence

{2205
<223> Description of Artificial Sequsnce:Primer

<400> 22
agggottget caatat 16

<210> 23

211> 18

<212> DNA

<213> Artificial Sequence

220>
€223> Description of Artificial Seauence:Primer

<400> 23
gettacaatc ctgatgtt 18

210> 24

211> 18

<212> DNA

213> Artificial Sequence

<2205
<2235 Description of Artificial Seguence:Primer

<400> 24
gtaaggccaa gittitte 18



