18 JUL 2005 DESCRI PTIONj *G00002" METHOD OF DETECTI NG NUCLEOGTI DE

POLYMORPHI SM 5 Technical Field The present invention relates to 48 JUL 2009
Nugl.eotide (an oligonucleotide to be used for the method of. the present
- invention) useful for detecting a base substitution in a gene, a nethod

for detecting a base substitution in a gene 10 using said Iﬂulmm mmm"m

a kit for the sane. Background Art It is known that genetic ned
in genonmes of organismindividuals belonging to the sane 15 speskes are
not identical each other, and there are differences in base sequences

cal l ed pol ynorphisns. Ones in which one to tens of base(s) ,
deleted or inserted, ones in whi cREACRPREIPNCc base sequenc%N@mnmlnmmmHmted
and the like are known as pol ynor phi sns. One in 20 which

repl aced by another base is called a single nucleotide polynorpiP%h (SNP).
It is said that sg@gle nucl eoti de pol ynorphisns exist at a rate of about
"one per hundreds t ?ﬁ@@t%%u@%ﬁ@CTbﬂgéﬁUCME@BIEEn@DQYMOREHﬁEMber of SNPs
present on a human 25 genone is estimated to be three toten mllion.
Attentions 18 JUL 2005 i_, 2 :

5 Technical Field
The present invention relates to a Nucleotide (an
oligonucleotide to be used for the method of the present
invention) useful for detecting a base substitution in a
gene, a method for detecting a base substitution in a gene

10 using said Nucleotide, and a kit for the same.

Background Art

It is known that genetic codes contained in

genomes of organism individuals belonging to the same

15 species are not identical each other, and there are

différences in,base sequences called,polymorphisms. Ones

in which one to tens of base(s) 1s (are) deleted or

inserted; ones in which a specific base sequence 1is

duplicated and the like are known as polymorphisms. One in

20 which one base is replaced by another base is called a
single nucleotide polymorphism (SNP).

It is séid that single nucleotide polymorphisms

exist at a rate of about one per hundreds to one thousand

bases. Accordingly, the number of SNPs present on a human

25 genome is estimated to be three to ten million. Attentions



"are paid to SNPs as indexes for searching for genes related to diseases
or for having information. about differences in susceptibilities 18 Jut 2005
di seases or sensitivities to drugs (actions or side effects). Methods for
detecting SNPs are 5 under study. Conventional neans for detecting SNPs
are generally classified into ones based on hybridization, ones based on
primer extension and ones utilizing subStrate specificities of enzynes. 10
The presence of a base substitution is detected by neans of hybridization
of a probe to a nucleic acid sanple in a hybridization nethod. According
to the net@pd A1 s cessar%mﬁo determ ne a probe_and hybridi zation
condi ti on§ s?o,ptaﬂ?f{ SR N A i TS EST Y ueiRFEIBN G BoF dIetes arekatedone
base. Therefore, it is difficult to establish a highly reproducible
det ecti on &y AR FretHo of ForL B E t5 TP Enak QR 300 Ws | Higf Zensntes P obe
reaction .as descrihed in United States Patent No. 5,660,988 is
exenpl i fi S§SCRAAEIICLRS d B oFdsravesg ar2oseeaiitiyitieavabde drwgsng is
hybridized to.a nucleic acid_ nolecule of interest in the method. If the
nucl ei ¢ adPFtiPRIeQll sSiie i afEeeks) doeMesibpdrafera dedss tdmestiNRe i ane t he
probe is cleaved, whereas if the nucleic acid nolecule has a base
subsﬁﬁtut?&ﬁ?rtﬁéuﬁhbbe is not cleaved. A base 25 substitution is then
detected by detecting and quantifying 18 JUL 2005 3 the degree of
generation of a fragedventdanmsled mesnst hefor detecting SNPs are
generally classified into ones based on hybridization, ones
based on primer extension and ones utilizing substrate
specificities of enzymes.
10 The presence of a base substitution is detected
by means of hybridization of a probe to a nucleic acid
sample in a hybridization method. According to the method,
it 1is necessary to determine a probe' and hybridization
-conditions so that hybridization is influenced by a
15 difference in one base. Therefore, it 1is difficult to
establish a highly reproducible detection system.

A method for detecting a mutation using a cycle
probe reaction .as described in United States Patent No.
5,660,988 1is exemplified. A nucleic acid probe havind a

20 readily cleavabl_e binding is hybridized to a nucleic acid
molecule of interest in the method. If the nucleic acid
molecule of interest does not have a base substitution, the
probe is cleaved, whereas if the nucleic acid molecule has

a base substitution, the probe is not cleaved. A base

25 substitution is then detected by detecting and quantifying



cl eaved probe. However, if a trace anount of a target nucleic acid is to
be. detected according to this nethod, there may be a consi deraBl& JULn#0Y ag
untit reaching a level 5 at which one can detect a cl eavage product from
t he probe because the anmbunt of the cleavage product is small. A nethod
for detecting a mutation using the TaglMan nethod as described in United
States Patent Nos. 5,210,015 and 5, 4873972 exenplifies another nethod. A
10 TagMan probe to which a fluorescent dye and a quencher are attached is
used in this method. Two probes (one containing a base substitution and
t he other containing ng base substitution% are used as the TagMan probes..
The probdi% ?%F?%i 2dd I A FutdRi €fad dippveelt e refl eiagesr ebrom 15hand a
primer is extended fromthe_upstream The probe is cleaved due to a 51-.3
exonuc| ea<e- S8 PYOBe-a DRRWeFSKymethsé obrgcef ameainfuctéi @ atedgedl ecul e
of interest _does not contain a base substitution. A base substitution is
then det eQ&d B deEEEt ilify e Peedefiasdass cepcerd 20g Howe iy, s t hethetihod has
probl ens because the nmethod 25 requires a polynerase having a 5 -.3
exonucl eadd k& iNAY pe @ TR ids Trpke | bibed ebaqueh bl | deathboged aevehe
3'-termnus and a strict tenperature adjustment, and it requires a |ong
timefor & éftidn. onet keds deteadt ch abeevayeepirsducit! ifzeh i ticd ugdeoh8 JUL
2005 4 net hods in which a DNA polynerase is used. Such nethods

because the amount of the cleavage product is small.

A method for detecting a mutation wusing the

TagMan method as described in United States Patent Nos.

5,210,015 and 5,487,972 exemplifies another method. A
10 ‘TagMan probe to which a fluorescent dye and a quencher are
attached is wused in this method. Two probes (one

containing a base substitution and the other containing no
base substitution)\ are used as the TagMan probesd. The
probe is hybridized to a nucleic aéid molecule of interest,
15 and a primer is extended from the upstream. The probe 1is
cleaved due to a 5'-3' exonuclease activity of a DNA
polymerase only if the nucleic acid molecule of interest
does not contain a base substitution. A base substitution
is then detected by detecting emitted fluorescence.
20 However, the method has probléms because the method
requires a polymerase having a 5'-3" exonuclease activity,
a PCR using a labeled nucleotide blocked at the 3'-terminus
and a strict temperature adjustment, and it reguires a long

time for detection.

25 Methods in which an enzyme is utilized include



‘are further classified into three groups as follows: (1) nethods in which
a hase substitution is detected based on the presence of a primgr JUL 3
extgnsion reaction using a prinmer 5 of which the 3'-terninus anneaﬁs PO%&
base portion for which a base substitution is to be detected as descri bed
in United States Patent No. 5,137,806; (2) nmethods in which a base
substitution is detected based. on the fresence of a priner extension
reaction using a priner in which the base 10 substitution site to be
detected is located at the second nucleotide fromthe 3" -term nus as
described in WO 01/42498; and (3) nethod in which the presence of a

mut ati on @etheedssiie whicht er SNA apdlyherbase id thed. si tSucharee tedé@s nmi ned
by di stinguishing a base incorporated into a 15 . priner using a primer of
whi ch t he age t Baf tler agdeslsd fieda imasetBreadjqauanis t ast o Mase :f of1whi ch a
base substitution is to be detected. Methods in which a DNA |igase is used
are knownmethesks dimgwhibchhe metseodsulss hibiset Sobsi st deit@aties! deiant esh 20
based on the presence of ligation of a probe to an adjacent probe. The

term nal péet ipresEndeheo Praberinerespondsiva riche thase yaitg on permahi ch a
base substitution is to be detected. A nethod in which a DNA pol ynerase or

a DN& 25dfi gasichs tised3fmayenntinhe adeed Ds exact hy wesechoationmeish 1 8
JUL 2005 5 5 between a priner (or a probe) and a target nucleic acid due
which a base -substitution is to be detected as described in’
United States Patent No. 5,137,806; (2) methods in which a
base substitution is detectéd based:dn-the presence of a
primer extension reaction using a primer in which the base
10 substitution site to be detected is located at the second
nucleotide from the 3'-terminus &s described in WO
01/42498; and (3) method in which the .presence of a
mutation at the site of interest and ﬁhe base at the site
are determined by distinguishing a bése incorporated into a
15 . primer using a primer of which the 3'-teminus anneals to a
base 3' adjacent to the base for which a base substitution
is to be detected.
Methods in which a DNA ligase is used are Enown.
According to the method, a base substitution is defected
20  based on the presence of ligation of a probe to an adjacent'
probe. The terminal portion of the probe corresponds to
the base portion for which a base substitution is to.be
detected.
A method in which a DNA polymerase or a DNA

25 ligase is used may not be able to exactly detect a mismatch



‘to a base substitution. Specifically, such an enzyme may initiate an
enzymatic reaction even if the primer or the probe has a nlsnathahéukénﬁ
providi ng erroneous results. Because of a possi bl e fal se positive n
‘erroneous anneal i ng between a target nucleic acid and a primer or an error
made by a ligase or a polynerase to 'be used, it is necessary to control
the reaction conditions (in particularbthe reaction tenperature) and the
like very 10 strictly, and there is a problemconcerning the o
reproducibility. Lastly, nmethods in which an enzyme having. an activity of
recogni zing and cleaving a specific structure in a double-stranded nucleic
aci d i s utdetiwesn sugrimer héod5aipyalder ardhadtasgdesantbedci acthi 4ad
States Patent No. 5,846,717 are included. A cleavase is known as such an
enzyme. |ttd sa pogseblsebisd idettecin.a basecssbsailyli enchy arexami haomgleavage
of a probe. The probe is designed such that it forns a structure

recogni zednifyiattee anzpme yinfatd 20rdasei subsehutionthe Pregert ok Othe
absent). However, such a nmethod in which an enzyne having an activity of

recogni zi mgokencthad eaw ingnat @pepideisingcétrenddud Houhl esstranded
“nucleic acid is used has a problemconcerning its sensitivity.

Specifically, a sigmdcauiddicfent poss2bleetraqiieonddiahasauaunstiLytion
cannot be obtained froma 18 JUL 2005 6 trace anmount of a nucleic acid

sanpl e si reeome s gaghehlingensstiesh f kOMarooe LAl Nughelic B¢ dy
nol ecul e
primer or an error made by a ligase or a polymerase to be
ﬁsed, it 1is necessary to control the reaction conditions
(in particular;.the reaction temperature) and the like very
-10 strictly, and there is a problem concerning the
' repro-ducibility.

‘Lastly, methods in which an enzyme having. an
activity of recognizing and cleaving a s-pecifié strﬁéture
in a double-stranded nucleic acid is utilized such as the

15 invader method as described in United States Patent No. -
5,846,717 are ihcluded. A cleavase i1s known as such an
enzyme. It is possible té detect a base substitution by
examining cleavage of a probe. The probe is designed such
that it forms a structure recognizéd-by the enzyme if a

20 base substitution is present (or absent). However,  such a
method in which an enzyme having an activity of recognizing
and cleaving a specific structure in a double-~stranded
nucleic acid 1is wused has a problem concerning its
sensitivity. Specifically, a signal sufficient for

25 detection of a base substitution cannot be obtained from a



‘according to the nmethod. It is naturally possible to enhance the §%gg@[2&%
repeating the probe cl eavage reaction, 5 although it is necessary to
anplify a target nucleic acid beforehand in order to obtain an intense
signal. Thus, if a trace anount.of a target nucleic acid is to be detected
according to this nmethod, there may be a considerable tine lag until
reaching a |l evel at which one can det ect ®a 10 cl eavage product fromthe
probe because the anmount of the cleavage product is small. Since the
met hods have several problens as described above, a nethod that can be
used to eX?ﬁ}l detect a_base substitution has been desired. 15 Cbjects of
| nventi on é_“#ai WRecPLof HE s crtid ngenplen sigceo onpl yhgnat is
above-nenti oned rqPIenB and to provide a means for detecting a base
substituti &?I{eé".ggt.e, afrTSRP) eRBEt |y 20 wWiadgakcaucdmia epedducibileictieeven
if- a trace amount of a nucleic acid sanple is used. Sunmary of Invention
In order t&SSQAEHE e ter obremneisherkscri ggd bpoveturzg Iy mpoissdbilleat toan be
used to exactly detect a base 18 JUL 2005 7 substitution and obtain results
as i nt ense ®¥hFRAss Ghe ddanadd byriregration they amavs hbeavagepaeadtion,
Nucl eotide. . The Nucl eotide is capable .of annealing to a target nucleic

5 although it is necessary to amplify a target nucleic acid

beforehand in order to obtain an intense signal. Thus, if

a trace amount of a target nucleic acid is to be detected

according to this method, there may be a considerable time:

lag until reaching a level at which one .can aetecﬁ a

'lQ cleavage product from the probe bebause the amount of the
cleavage prodﬁct is small.

Since the methods have' several problems as

described above, a method that can be  used. to exactly

detect a base substitution has been desired.

15
Objects of Invention
The main objéct of the present invention is to
solve the above-mentioned problems and to provide a means
for detecting a base substitution (e.g., an SNP) éxactly
20 with excellent'reproducibility-even if a trace amount of a

nucleic acid sample is used.

Summary of Invention
In order to solve the problems as described above,

25 a method that can be used to exactly detect a base



‘5 acid for which a base substitution is to be detected. A DNA extension:
reaction fromits 3 -ternminus by a DNA polynerase is not initiaflddJi 280e
Nucl eotide is in an intact state. Cl eavage of the Nucleotide by a nucl ease
is influenced by the base sequence of the anneal ed tenplate 10 strand.
Furthernore, the present inventors have 15 20 established a nethod that can
be used to detect a base substitution i/n a target nucleic acid exactly
with high, sensitivity using the Nucleotide. Thus, the present invention
has been conpleted. The present invention is outlined as follows. The
first aspect of the present invention relates to a method for detecting
the preserf®sfitaitbase subht idhitdion atesud tepeeisf i ¢nheasei nsaghatget isucl eic
acid, the nethod. conprising: (1) mxing a sanple containing a target

- nucleic assingd.h.a Nucleotide, wherein the Nucleotide (A) is nodified at
the 3" -term nus such that extension fromthe term nus by a DNA pol ynerase

does not occur; 25T fdessenbaievaerenceatapabésa péd anneakiagt 18eJ UL
2005 8 to a region containing a specific base in the target nucleic acid;
and (O cdiaiNMxlkecseqente bﬁpmbléhoEfabh%%Qihﬁ to a target nucleic
5 acid for-which a base substitution is to be detected. A
DNA extension reaction from its 3'-terminus by a DNA
polymerase i1s not initiated if the Nucleotide is in an
intact state. Cleavage of the Nucleotide by a nuclease is
influenced by the base sequence of the annealed template

10 | strand. - Furthermore, the present inventors ‘have
established a method that can be used tao detect a base
substitution in a target nucleic acid exactly with'high
sensitivity using the Nucleotide. Thus, the present
invention has been completed.

15 The present invention is outlined as follows.
The first aspect of the present invention relates to a
method for.detecting the presence of a base substitution at
a specific base in a target nuc;eic acid, the method.

_comprising: |

20 (1) mixing a sampie containing a target nucleic

écid with a Nucleotide, wherein the Nucleotide
(A) is modified.at the 3'-terminus such that
extension from the terminus by a DNA polymerasé does

not occur;

25 - (B) has a base sequence capable of annealing



‘a mismatch between the specific base and a base 5 corresponding to the

specific base in the Nucleotide in a conplex conmposed of the Nuc [Teb tJUb e2085nd
t he barget nucleic acid, the Nucleotide is not cleaved with a nuclease,
‘and if there is no mismatch between the speci fic base and a base _ _
corresponding to the specific 10 base in the Nucleotide, the Nucleotide is
cleaved with a nuclease to generate a few 31-term nus; (2) treating the
m xture with the nucl ease and the DNA pol ynerase; and (3) detecting the
presence of cleavage of the 15. Nucleotide with the nuclease. The _
fol |l ow ng -net hods exenplify the nethod for detecting a base substitution
of the. first d%be%t?ealﬁﬁﬂﬂﬂPtQMﬂﬂnﬁrﬁtﬁEeﬁmeeab@sdsnmitheonacgeasg H
and the Nucleotide contains a ribonucleotide in the region 20 cont ai ni ng
the base corredp¥iiig a®idhearsgeci fic base; and 25 a nmet hod wherein the
nucl ease is a restriction enzyme, and the Nucleotide contains a )
recognition sequence for tQle combaingtaopegueyoe in whecheg@fofheest aisni ng
the base corresponding to the specific base.. The second aspect of the
present inventizon riSmHAcI? 00 theer eltites s A1k hod sfeor aget egt i Bgsa base
substitution in a target nucleic acid, the method conprising:

5 - corresponding to the specific base in the Nucleotide

in a complex composed of the Nucleotide and the target

nucleic ‘acid, the Nucleotide is not cleaved with a

nuclease, and if there is. no mismatch between the

specific base and a base corresponding to the specific

10 _ base in the Nucleotide, the Nucleotide is cleaved with
a nuclease to generate a new 3'-terminus;

(2) treating the mixture with the nuclease and

the DNA polymerase; and

(3) detect;ng ‘the presence of cleavage of the
15  Nucleotide with the nuclease.

The following methods exemplify the method for
detecting a base substitution of the first aspect: a method
wherein the nuclease is a ribonuclease H, and the
Nucleotide contains a fibonucleotide in the region

20 containing the base cofresponding to the specific base; and
a method wherein the nuclease is a restriction enzyme, and
the Nucleotide contains a recognition seqﬁence for the
restriction enzyme in the region containing the base

corresponding to the specific base.

25 The second aspect of the present invention



(1) mxing a sa} |l e containing a target nucleic acid with a Nucl eoti de,
g mp g

wherein the Nucleotide (A is nodified at the 3'-term nus such thatyup
,extehsion fromthe term nus by a DNA pol ynerase does not occur; (B) has a
base sequence capable of annealing to a region containing a specific base
in the target 10 nucleic acid; and (C) contains a sequence in which if
there is no mismatch between the specific base and a base corresponding
to the specific base in -the Nucleotide in a conplex-conposed of the

Nucl eotide and the target 15 nucleic acid, the Nucleotide is not cleaved
with a nuclease, and if there is a msmatch between the specific base and
a base corfdsyiditRy a onebleodpéorf detebssadi » taseNumientitdeion hin a

Nucl eotide is cleaved with a nuclease to generate a new 3' -term nus; 20
(2) treat itfgFaate nvcdtadre agidy ties muthess ecammic i ¢ freg DNA pol yner ase; and (3)
detecting the presence of cleavage of the Nucleotide with the nuclease. A
met hod wherein the nidl eabeing a masuHiec heo2ba spindg f e Hurejeaseuekenpl i fies
the detection nmethod of the 1 8 JUL 2005 10 second aspect. The Nucl eoti de
used in. tawd detiddt isoNudtdwadi de, whHerdin stheoNEekswiEh @spect may have a
sequence in which if -

5 (A) is modified at the 3'-terminus such that
extension from the terminus by a DNA polymerase does
not occur;

(B) has a base éequence capable of annealing
to a region containing a specific base in the target
10 nucleic acid; and

(C) contains a sequence in which if there is
no mismatch between the .specific base and' a base
corresponding to the specific base in the Nucleotide
. in a complex composed of the Nucleotide and the target
15 nucleic acid, the Nucleotide is not cleaved with a
nuclease,  and if there is a mismatch between the
specific base and a base corresponding .to the specific
base in the Nucleotide, the Nucleotide is cleaved with

a nuclease to generate a new 3'-terminus;
20 (2) treating the mixture with the nuclease and

the DNA polymerase; and

(3) detecting the presence of cleavage of the

Nucleotide with the nuclease.

A method wherein the nuclease is a mismatch-

25 specific nuclease .exemplifies the detection method of the



‘there is no base substitution in the target nucleic acid, a 5 msmatch is
not_generated in the conpl ex conposed of the Nucleotide and the tt&riyet 2005
_.nucleic acid, or it nmay have a sequence in which if there is a base
substitution in the target nucleic acid, a mismatch is not generated in
the conplex conposed of the Nucl eotide and the target nucleic 10 acid.
The foll owi ng net hods exenplify embodi méfAts of the first or second aspect:
a nmet hod wherein the presence of a. base substitution is determ ned based
on the presence of an extension product generated by the action of the DNA
15 pol ynerase; and a nethod wherein the presence of a base substitution is
det er mi ned G atie presence of a fragnent of a 3' portion rel eased
fromthe Nucl eotide _generated by the action of the nucl ease. Furthernore,
an extension productherNacipagieat wied 3h pdret i datettite 2@ tMec] eofi de
can be detected utilizing a | abel attached to the Nucleotide. A

f 1 uor escerfhes fistsdhcer negchrd usedeat mhy hhaxkela dagudmeramire, wiaidhicl goti de
to which a fluorescent substance and a substance capabl e of quenching

fl uor esced@rearis aat dctssd subharigiut ide i1 uthestenget ivuehs {¢ ege U@PNa 25

cl eavage by the nucl ease or DNA extension subsequent to the 18 JUL 2005 11
cl eavage Mdpmsdalsells hett lerermdidrent ithewtaipldie cbhpesescescerhabel ed
Nucl eotide is used, a fluorescence polarization nmethod may be utilized for
det ect i onNulcd eoddated awd t hbeNua et deucsetci acile Mt hpel may have a

séquence in which if there is a base substitution in the
target nucleic acid, a mismatch is not generatéd in the
complex composed of the Nucleotide and the target nucleic
10 acid.

The follpwing methods exemplify embodiments of

-the first or second aspect: a method wherein the bresence

of a base substitution is determined based on the presence

of an extensiqn product generated by the action of the DﬁA

15 polymerase; and a method wherein the presence of a base
substitution is determined based on the presence of a
fragment of a. 3' portion released from the Nucleotide
genefated by the action of the nuéléase. Furthermore, an
extension product or a fragment of a 3! portion.of the

.20 Nucleotide can be detected uﬁilizing a label attached to
the Nucleotide. A fiuorescent substance may be used as the
label. Furthermore, a Nucleotide to which a fluorescént
substance and a substance capable of quenching fluorescence

are -attached, wherein the fluorescence is emitted upon

25 cleavage by the nuclease or DNA extension subseguent to the



'5 for detecting a base substitution of the first or second aspeﬁ%, lp%ms
nDdL$ication of the Nucleotide at the 3'-. termnus is exenplified®b
.nodi tication of the hydroxyl group at the 3-position of ribose. The
Nucl eotide used in the nethod for detecting a base substitution of the
present 10 invention may contain a nucl eotide anal og and/or a nodified
nucl eotide. . Although it is not intendéd to limt the present invention,
for exanple, a deoxyriboinosine nucleotide, a deoxyribouracil nucleotide
"or the like may be preferably used as a nucl eotide anal og, and an ((x-9S)
15 ribonucleotide may be preferably used as a nodified 20 ribonucl eoti de.
Fur t her nore-2aeSelRdd BF tIsed.i r stInr theeceombdodipent nay fivicher thenpri se
a step of nucleic acid anplification in which an extension product
gener at ed IPORIREARAS ohabrlere MAlpotider abe iusadsedaasfhudeeptanee The
third aspect of the present invention.relates 'to a nethod for analyzing a
genot ype &Pla¥igatdlon meidhodmawdeonpil sied fet ed¢tagt bobase substitution
according to the method of the first or second aspect. The fourth. aspect
of the present inverdin ore@ardeltat eshe¢ oNaclieoltddk desasednf athadehethbag a
base 1 8 JUL 2005 12 substitution at a specific base in a target nucleic
aci d,> whi der( Aetechin f aedbamte t bebstitat ibnussuthe t Bakstexirenstesnfr om
the term nus by a DNA pol ynerase does not

aspect, the modification of the Nucleotide at the 3'-

terminus is exemplified by modification of the hydroxyl

group at the 3-position of ribose. The Nucleotide used in

~the method for detecting a base substitution of the present

10 invention may contain a nucleotide analog and/or a modified
nucleotide. . Although it is not intended to limit the
‘present invention, for example, - a deoxyriboinosine
nucleotide, 'a deoxyribouracil nucleotide or the like may be .
preferably used as a nucleotide analog, and an (o=S)

15 ribonucleotide may be preferably used as a modified
ribonucleotide. Furthermore, the method of the first or
second aspect may further comprise a step of nucleic acid
amplification in which an extension product generated by
the action of the DNA polymerase is used as a template.

20 The third aspect of the present invention relates
to a method for analyzing a genotype of an allele, the
method comprising detecting a base substitution according

to the method of the first or second aspect.

The fourth aspect of the present invention

25 relates to a Nucleotide wused for detecting a base



‘5 occur;. (B) has a base sequence capable of annealing to a regtgn
contgining a specific base in the target nucleic acid; and (C Ui 95 a
.sequence. in which if there is a 10 m snmatch between the specific base and
a base corresponding the specific base in the Nucleotide in. a conplex
conposed of the Nucleotide and the target nucleic acid, the Nucleotide. is
not cleaved with a nuclease, and. if théfe is no -msmatch between the
specific base and a base .15 corresponding to the specific base in the

Nucl eotide, the Nucleotide is cleaved with a nuclease to generate a new
3'- termnus. The foll ow ng Nucl eotides exenplify the Nucleotide of the
fourth aspe@stidEuiiarett de wiviesh fi@ dwmrai s a tiabgetcheatliede iacide
regi on containing the base corresponding to the specific base in the

t ar get nudhdicd acid, wherein if there is no msmatch between the specific
base and the base corresponding to the specific base in the Nucleotide in
a conpl ex conposed o)t hésNusbddfidd amd tihe 23'taegatinascl eachactitht t he
Nucl eotide is cleaved with a 18 JUL 2005 13 ribonucl ease H, and a

Nucl eot i dexksinsticzonfxdmsthe rtecoginits obyseqURICepd Dymers €5t Hoelsi GbEenzyne
in the region containing the base corresponding to the specific base in

t he tar getocsygl;ei ¢ acid, wherein if there is no nismatch

(B) has a base sequence capable of annealing to a
region containing a specific base in the target nucleic
acid; and

(C) contains a sequence. in which if there is a

10 mismatch between the S§ecific base and a base corresponding
to the specific base in the Nucleotide in a complex
composed of the Nucleotide aﬁd the target nucleic acid, the

_Nucleotide is not cleaved with a ﬁuclease, and. if there is
ﬂo -mismatch between the Ispecific base and a baée

15 corresponding to the specific base in the Nucleotide, the
Nucleotide is cleaved with a nuclease to generate a new 3'-
terminus.

The following Nucleotides exemplify the
Nucleotide of the fourth aspect: a Nucleotide which

20 contains a ribonucleotide in the region containing the base
cgrresponding to the specific base in the target nucleic
acid, wherein if there is no mismatch between the specific
base and the base corresponding to the specific base in the
Nucleotide in a complex composed of the Nucleotide and the

25 target nucleic acid, the ©Nucleotide is cleaved with a



"5 between the specific base and the base corresponding to the specific
base in the Nucleotide in a conpl ex conposed of the Nucleotide aridd tJbike 2005
target nucleic acid, the Nucleotide is cleaved with the restriction
enzyne. The fifth aspect of the present invention relates 10 to a
Nucl eoti de used for detecting a base substitution at a specific base in a
target nucleic acid, which .(A) . is nodBfied at the 3'-terminus such that
extension fromthe term nus by a DNA pol ynerase does not .occur; 15 (B)
has a base sequence capable of annealing to a region containing a specific
base in the target nucleic acid; and (C) contains a sequence in which if
there i s AdPHERASE belleerriche gpediudledisste andhichaseandaiespondi ng 20
to the specific base in the Nucleotide in a conplex conposed of the
Nucl eot i d& esiegniffd arargpauanas efar aritesthibct Nouc| entye is tbé ceégawed with
a nuclease, and if there is a msmatch between the specific base and a
base cor CeRFEidiimy tthe hbaspecorine dpaseliny the thel eplicdEid Hadb in
Nucl eotide is cleaved with a nucl ease to generate a new 3' 18 JUL 2005 14
term nus. tAeNubdewtt deunheriei mdifd,t heheresna ifi stimcd ibetnweenishetch
Nucl eotide and the target nucleic acid in a conplex conposed of the
Nucl eot i dbedmgerhdhearspetcifiicd diase and the base corresponding to the
specific base in the Nucleotide in a complex composed of
the Nucleotide and the target nucleic acid, the Nucleotide

is cleaved with the restriction enzyme.
The fifth aspect of the present invention relates

10 to a Nucleotide used for detectind a base substitution at a
specific base ‘in a target nucleic acid, which

~(A) is modified at the 3'-terminus such that
extension from the terminus by a DNA polymerase does not
_occur;

15 ' © (B) has a base sequence capable of annealing to a
region containing a specific base in the target nucleic
acid; and

(C) contains a sequence in which if there is no
mismatch between the specific base and a base corresponding

20  to the specific base in the Nucleotide in a complex-
composed of the Nucleotide and the target nucleic acid, the
Nucleotide is not cleaved with a nuclease, and if there is
a mismatch between the specific -base and a Dbase
corresponding to the specific base in the Nucleotide, the

25 Nucleotide is cleaved with a nuclease to generate a new 3'-



"5 acid, the Nucleotide is cleaved with a m smatch-specific nucl gase
exenplifies the Nucleotide.of the fifth aspect. The Nucl eotide 8 wHe 2005
fourth or fifth aspect may have a sequence in which if there is no base
substitution in the target nucleic acid, a msmatch is not generated in
10 the conpl ex conposed of the Nucleotide and the target 15 nucleic acid,
or it may have a 'sequence in which if lfiere is a base .substitution in
the target nucleic acid, a msmatch is -not generated in the conpl ex
conposed of the Nucleotide and the target nucleic acid. The Nucl eotide of
the fourth or fifth aspect may have a | abel ed conpound bei ng attached. The
position MgySn a portion 3' or 5 to the cleavage site for the
nucl ease. For exanple, a fluorescent substance may be used as the |abeled
compound. By furthe® atigdisiotgde substanioe 26 chbabke d§ cqaemchsmagtch
fluorescence, a Nucleotide fromwhich the fluorescence is emtted upon
cl eavage BfiWaemutreadicleotig ext@ndihen sabsequentclted o hectd edvage nay
be prepared. In regard to the Nucleotide of the fourth, or fifth aspect,
t he nodi f iCOARISK ctonprsadicd Eothge Natctdretidle 254t ehai rusrdet exeapéiéied by
modi fication of the hydroxyl 18 JUL 2005 15 group at the 3-position of
ri bose. THREiRucl toei Hacdkothee presedeavedentitn aaym it Bt Spattt eot i de
anal og and/or a. nodified nucleotide. Although it is not intended to limt
t he presenuclesset iexemoldrt iesaryhlee Nua ldemdydd i nosd NBifth aspect.
The Nucleotide of the fourth or fifth aspect may
have a sequence in which if there is no base substitution
in the target nucleic acid, a mismatch is not generated in
| 10 the complex composed of the Nucleotide and the target
nucleic acid, or it may have a sSequence in which if there
is a base  substitution in the target nucleic acid, a
mismatch is .not generated in the complex composed of the

Nucleotide and the target nucleic acid.

15 ' The Nucleotide of the fourth_or'fifth aspect may
have a labeled compound being attached. The position ma?
be in a portion 3' or 5' to the cleavage site for the
nuclease. For example, a fluorescent substance may be used
as the labeled compound. By further attaching a substance

20 capable of quenching fluorescence, a Nucleotide from which
the flﬁorescence is emitted upon cleavage by the nuclease
or DNA extension subsequent to the cleavage may be prepared.

In regard .to the Nucleotide of the fourth' or
fifth aspect, the modification of the Nucleotide at the 3'-

25 terminus is exemplified by modificatiori of the hydroxyi



‘5 nucl eotide, a deoxyribouracil nucleotide or the like nay be preferably
used as the nucleotide analog, and an (a-S) ribonucl eotide may bh8 JUL 2008

~ preflerably used as the nodified ribonucleotide. The sixth aspect of the

present invention relates 10 to a kit used for detecting a base
substitution in a target nucleic acid,_ which contains the Nucl eotide of
the fourth or fifth aspect. The follom}ﬁg kits exenplify the kit of the
sixth aspect: a kit which contains a nuclease and/or a DNA 15 pol ynerase;
a kit. which further contains a reagent for detecting the presence of DNA
extension; and a kit which further contains a reagent for carrying out a

nucl ei ¢ add*@UParfbt i FReafrBRSHELRED O 20K He %8 - DeZbei plicdeosiider @ nige Fi gur e
1illustrates results for detection of a base substitution in a human gene
accor di ng XESRE et FRRE L9 et eeRfagnaabags legtddet wrisdm ofandfer paesent
invention. Figure 2. illustrates results for detection of, a 25 base
subst i t ut FeiGies mirefeiie acchbt Bhagghoithé snmooifod ntntdd 20051 161 € or
detecting a base substitution of the present invention. Figure 3
i |1 ustrat &8¢ ePGEEENor in¥eaELPOR ofor baxampilibst | 4 utderkynilko mosingene
according to the nethod for detecting a base substitution of the present
i nvermt i onPucd epitdgiee 4 idaaystnidosrr awislulinus Faot idid ext i e of i Jee hase be
substitution in a human gene according to the nethod
preferably used as the nucleotide analog, and an (o-S)
ribonucleotide may be preferably used as the modified
ribonucleotide. |
The sixth aspect of the present invention relates
10 to a kit used for detecting a base substitution in a target
nucleic - acid, which contains the Nucleotide of the fourth

or fifth aspect.
The following kits exemplify the kit of the. sixth
aspect: a kit which contains a nuclease and/or a DNA
15 polymerase; a kit. which further contains a reagent for
det;cting the presence of DNA extension; and a'kit which

further contains a reagent for carrying out a nucleic acid

amplification method.

20 Brief Description of Drawings
Figure 1 illustrates results for detection of a
base substitution in a human gene according to the method
for detecting a base substitution of the present invention.
Figure 2 illustrates results for detection of. a

25 base substitution in a human gene according to the method



“for detecting a base substitution of the present invention. Figqre 6 is.a
graph that illustrates results for detection of a base subs_tituticflnJ #libs
_hunah gene according 10 to the nmethod for detecting a base substitution of
the present invention. Figure 6 illustrates results for detection of a
base substitution in a human gene according to the nethod. for detecting a
base substitution of the present inventién. 15 Figure 7 illustrates results
for detection of a base substitution in a human gene according to the
met hod for detecting a base substitution of the present invention. Figure
8 iIIustrq%ﬁg sults for detection of a base substitution in a human gene
t

accor di ng St @ Fp s iRty vhstheupsesent i bavertior.
present invention. Detailed Description of the Invention As used herein, "a
base substitution" rfefREe 13 iléppacaent wfsul tiasBont datspdion ofiae in a
nucleic acid 25 by another base. The base substitution results in a 18 JUL
2005 17 diPeser etides b wiekan i tni af druman oyerernagcordangsro it vindtlabd. The
difference in genetic information is called a polynorphismor a variation.
The base ®dbsiataatiog saadpassedtisrtEitutiml Wk tasesedbatt t ihvension. 5
pol ynor phi snms and variations. The base substitutions also include base
subst®i tutions arti fifdigaldey 4 nitbdatedtient cemrlts cfari detethdoa it na
specific limtation concerning the
: base substitution in a human gene according to the method
for detecting a base substitution of the present invention.
Figure 5 is a graph that illustrates results for
detection of a base substitution in a human gene according
10 to the method for detecting a base substitution of the
present invention. |
Figure 6 illustrates results for detection of a
_base-substitution in a human gene according to the method
for detecting a base substitution of the present invention.
15 Figure 7 illustrates results for detection of a
base substitution in a human gene according to the method
for detecting a base substitution of the present invention.
Figure 8 illustrates results for detection of a

base substitution in a human gene according to the method

20 for detecting a base substitution of the present invention.

Detailed Description of the Invention
As used herein, "a base substitution" refers to
replacement of a base at a specific site in a nucleic acid

25 by another base. The Dbase substitution results in a



nunber of substituted bases in the base substitution. 10 There may be one
or npre substitutions. The present invention is particularly suit#hi§l UL 2%b
_detebtion of a genome pol ynorphismor a variation; in particular, a
single. nucleotide polynorphism (SNP) in. a gene. 15 The present invention
is described in detail below (1) The Nucl eotide of the present invention
The Nucl eotide of the present inventionlAas a base sequence capabl e of
annealing to a region containing a 20 site in a target nucleic acid for
whi ch a base substitution is to be detected. The Nucl eoti de does not serve
as a priner_for DNA extension by a DNA polynerase if it is.in an intact
state, andififexgnesrvelns agppehive onlipfickmiatiion claemred byorgamisease.
There is no specific limtation 25 concerning the length of the Nucleotide
as | ong ashdivgiialgs JUL 2De5 dBfféeemceopent | genasidestnfbenaaboxre. iBot h an
ol i gonucl eotide and a pol ynucl eoti de can be used according to the present

i nvent i on.ca3fd ast i ganudiagmaiplufsusualrl y 8 t gabflahdsas, pr eher alhysd0 to
40 bases, nore preferably 12 to 30 bases 5 is used as the Nucl eotide of

t he presemudsiidmtions e heellebtirdén dhctlbeepbasentsubiariitions imsual |y
an ol i gonucl eoti de contai ning deoxyribonucl eotides. Optionally, it my
cont & n . @olivowmptiems dod ovanbabieheg GTheabdel waldate Humiddd catgon) of
a nucl eoti de. For :

include base substitutions artificially introduced into

: Ve
nuclelic acids.

There is no specific limitation concerning the

number of substituted bases in the base substitution.
10 There may be one or more substitutions.

The present invention is particularly suitable
for detection of a genome polymorphism dr a variation, in
particular, a single. nucleotide polymorphism (SNP) in a
gene.

15 The present invention is described in detail
below.

(1) The Nucleotide of the present invention

The Nucleotide of the present iﬁvention haé a
base sequence capable of annealing -to a regionlcontaining a

20 éite in a target nucleic acid for which a base substitution
is to be detected. The Nucleotide does not serve as a
primer for DNA extension by_a DNA polymerase if it is in an
intact state, and it can serve as a primer only if it is
cleaved by a nuclease. There is no specific limitation

25 concerning the length of the Nucleotide as long as it has



"10 exanpl e, a nucleotide anal og having a base such as inosine .dr8 JUL 2005
7-deazaguanine as its base noiety or a nucleotide analog having a ribose
.deriVvative can be used as a nucl eotide analog. Exanples of nodified
nucl eotides include an (a-S) nucleotide in which the oxygen atom attached
to the-15 phosphate group is repl aced b{ a sulfur atom and a nucleotide
to which a | abel ed conpound is attachedl8 Furthernore, the Nucleotide of
the present invention may contain a peptide nucleic acid (PNA) as
described in Nature, 365:566-568 (1993). Although it is not intended to
limt 20 tq$ present invention, the nucleotide analog or derivative is
pr ef er abl FRSIFHRFE RS @S LHeteribed apeea. t hRothnebr pbigohvaldotidaot
i nfluence the action of a nuclease to be used. Incorporation of a
nucl eot i défhad ogoi Frvci retifgcicast ikke wfedhecppesény itvethe opresent
effective in view of 25 suppression of higher order structure formation of
the 18 JULLDDGOE- 1103 NucPaotd Megdnsel dotaide sbébidduzdtlivons ofttcarfeabasgsef t he
Nucl eotide to a target nucleic acid.. Thus, the Nucleotide may contain a
nucl eot i dePLafEnedlahdl Or ta dddidasss, moteoprdEeasblgng2astd heo f bagkkson as
the Nucleotide that 5 can be used in the nethod for detecting a base
substSi t ut iien ussid tase threedbmldaivisid ioh tilse retasaed. iThentcheot i de used
according to the present invention has the follow ng properties for
detection of a basdrsmubNucleoohdat af speei fiprdwmse | niaverBiget fnycl eic
10 aci d:

usually an oligonucleotide containing deoxyribonucleotides.

Optionally, it may contain a ribonucleotide, or an analog
or a- derivative (modification) of a nucleotide. - For
10 example, a nucleotide analog having a base such as.inosine
or 7-deazaguanine as its base moiety or a nucleotide analog
having ‘a ribose derivetive can be used as a nucleotide
analog. Examples of modified'nucleotides include an (o=S)
nucleotide in which the oxygen atom attached to the
15 phosphate group 1s replaced by a sulfur atom, and a
.nucleotide to which a labeled compound is attached.
Furthermore, the Nucleotide of the present invention may
contain a peptide nucleic acid (PNA) as described in Nature,
365:566-568 (1993). Although it is not intended to limit
20  the present invention, the nucleotide analog or derivative
is preferably incorporated at a site’ at which the
incorporation does not influence the action of a nuclease
to be used. Incorporation of a nucleotide- analog into the
Nucleotide of the present invention is effective in view of

25 suppression of higher order structure formation of the



(A) being nodified at the 3'-term nus such that extension fromthe
terg)'ionus by a DNA pol ymerase does not occur; (B) having a base sqaggte00d
.capable of annealing 15 to a region containing a specific base in the
target nucleic acid; and (C) containing a sequence in which if there is a
m smatch (or if there is no m smatch) between the specific base and a base
‘corresponding to the specific base (i.el? 20 that forms a hydrogen bond
bet ween the specific base) in the Nucleotide in a conplex conposed of the
Nucl eotide and the target nucleic acid, the Nucleotide is not cleaved with
a nuclease, and if there is no msmatch (or if there is a msmatch)
bet ween t ARG ide hhselindmrd hatabid igatiosponti mpnan iy spéci the base
in the Nucleaqtide, the 18 JUL 2005 20 Nucl eotide is cleaved with a nucl ease
to gener at®cd apddde terai hasgen huagabat acfida .5 Thoyt itdre ofutheoblidé eot i de
cleaved with a nucl ease can remain annealed to a target 5 nucleic acid.
Si nce a hydYoxyFoEaim exi stBualetvhidds- posilbigon aidfébose ormdgbRysedbose
at the 3 -termnus of. the fragnent of the 5 portion of the Nucleotide, a
DNA can b&ucdeadridied £5 ohvhye aterbhienuburxyt ForDNAs pehymenaseo thivs, thhe
Nucl eoti de serves as a precursor of a primer if it has a 10 .base sequence
that Si s clceav@s etssict Hra tiecmestdend Ao mesarddieith@hovsasd haudkiel egtige of
t he present

of the present invention is retained. -

The Nucleotide used according .to the present
invention has the following properties for detection of a
base substitution at a specific base in a. target ﬁucleic

10 acid:

(A) being modified at the 3'~terminus such that
extension from the terminus by a DNA polymerase does not
océur;

(B) having a base sequence capable of annealing

}5 to a :egion containing a specific base in the target
nucleic acid; and

(C) containing a sequence in which if there is a
mismatch (or if there is no mismatch) between the specific
base and a base corresponding to the specific base (i.e.,

20 that forms a hydrogen bond between the specific base) in
the Nucleotide in a complex composed of the Nucleotide and
the target nucleic acid, the Nucleotide is not cleaved with
a nuclease, and if there is no mismatch (or if there is a
mismatch) between the specific baée and a base

25 corresponding to the specific base in the Nucleotide, the



‘invention is nodified at the 3'-terminus such that it cannot be 1uéiJP§_z§DgS
for )[a DNA extension reaction by a DNA polynerase. There is no speti‘fi-c
Jdimatation concerning the 15 neans of nodification as long as the
above-nenti oned objects can be achi eved. Exanpl es thereof include
addition, at the 3 -termnus, of a dideoxy nucleotide, a nucleotide
nodi fied at the hydroxyl group at the 3-2[903it-i on of ribose, or a
nucl eotide with nodification that interferes with 20 extensi on by a DNA
pol ymerase due to steric hindrance. 25 Al kylation or other known
nodi fication nmethods can be wutilized as a nethod for nodifying the .
hydroxyl GMSUFEt1d% HeS LIRATER ghl bR 2 BPoGteaseatpugtreratie. aFpeweRanpl e, a
DNA ext ensi on reaction can be prevented by am noal kyl ati on. The Nucl eoti de
of the pr d&IMiMYention has a 18 JUL 2005 21 base sequence capabl e of
anneal i ng, under conditions used, to. a region in a target nucleic acid
for which a base substiregmesnt i 6ft @ bé'depectédn T Nhel eNticieobhdea
sequence that is substantially conplenentary to a target 5 nucleic acid,
and need rdeavad Wibhse seyaémseecarl erehgincamlexient aty tep thegear get
nucleic acid as long as the detection of a substitution at the base of
i ntePest iH®ic drsidr bedSivren a hayNrokedt | geowd telxd sprsesgbt HHweBtion is
10 annealed to a target nucleic acid and incubated in the presence of an
appr opr i abeSiiclgasy anidbese apprapriat BbdNA at the 3'-terminus of the
- fragment of the 5' portion of the Nucleotide, a DNA can be
extended from the terminus by a DNA polymerase. Thus, the
Nucleotide serves as a precursor of a primer if it has a
10 base sequence that is cleavable with a nuclease.

As described above, the Nucleotide of the present
invention is modified at the 3'~terminus such that it
cannot be utilized for a DNA extension reaction by a DNA
polymerase. There is no specific limitation concerning the

15 means of modification as long as the above-mentioned
objects can be achieved. Examples thereof include addition,
at the 3'-terminus, of a dideoxy nucleotide, a nucleotide
modified at the hydroxyl group at thé 3-position of ribose,
or a nucleotide with modification that interferes with

20 extension by a DNA polymerase due to steric hindrance.
Alkylation or other known modification methods can be
utilized as a method for modifying the hydroxyl group at
the 3-position of ribose of a nucleotide. For example, a

DNA extension reaction can be prevented by aminoalkylation.

25 The Nucleotide of the present invention has a



"pol ynerase, cleavage of the Nucleotide is influenced by.the presence of a
base substitution in a target nucleic acid, that is, the preserncg Ju 205
.msmatched site in a double 15 stranded nucleic acid fornmed by anneal i ng of
the Nucleotide to a target nucleic acid. DNA extension using the target
nucleic acid as a tenplate occurs only if the Nucleotide is cleaved to
generate a new 3' -terminus. Therefore, 8he can have information about the
presence of a msmatch, or the 20 presence of a base substitution based on
the presence of DNA extension. According to the present invention, it is
possible to prepare the Nucl eotide such that a msmatch is generated' if
there i s XAFSsSaIinge Wirable bé doneeflétg, 2wt | ¢onditalems possipl e to
prepare the Nucleotide such that 18 JUL 2005 22 a mismatch is not generated
if there it® adbdswisubsint 1t i argekurbheiabce,acine €am hetvich nfaoriaseon
about the presence of a base substitution and the type of the substituted
base at thdstddmgimeias fol lens defreateypes THe NotlEidtet eaak 5ahavi ng
one of four types of bases, placed at a position corresponding to the base
of interesteace epaatdisansubdieant yprlof dorp lease teont atsed iﬂai:?étpfi mer
that results in extension is then exam ned. As described above, the
Nucl &ot i daucfl etilte guriekerdnd Ifleédvaroti havies aC WALRY tashidH@e ac@@n@telgat i's
capabl e of DNA extension as a result of cleavage with a nucl ease. The
portion ofcompd eeciteatyi dito S'thie0 taeget eavrge iy t&ci@r ddelong as the
detection of a substitution at the base of interest is not

disturbed.
When the Nucleotide of the present invention is
10 annealed to a target ﬁuéleic acid and incubated in the
preseﬁce of an appropriate nuclease and an appropriate DNA
polymerase, cleavage of the Nucleotide is influenced by the
presence of ‘a base substitution in a targef nucieic acid,
that is, the presence of a mismatched site in a double-
15 stranded nucleic acid formed by annealing of the Nucleotide
to a target nucleic acid. DNA extension using the target
nucleic acid as a template occurs only if the Nucleotide is
cleaved to generate a new 3'-terminus. Therefore, one can
have infofmation about the presence of a mismatch, or the
20 presence of a base substitution based oﬂ the presence of
DNA extension.
According to the present invéntion, it is
possible to prepare the Nucleotide such that a mismatch is
generated if there is a base substitution to be detected,

25 and it is also possible to prepare the Nucleotide such that



‘nucl ease serves as a prinmer for DNA extension. There is no speqiag gL 2005
I'i m~{ ati on concerning the nuclease as long as it 15 cl eaves (or does ng%
_cIeaLe) t he Nucl eoti de depending. on the presence of a msmatch in a

doubl e-stranded nucleic acid forned as a result of annealing of the

Nucl eotide to a target nucleic acid. Exanples thereof include a

ri bonucl ease H, a restriction enzyme and2a mi smatch- 20 specific nucl ease.
A ribonucl ease H (RNase H) is an enzyne that recognizes a doubl e-stranded
nucl ei ¢ acid conposed of a DNA and an RNA and sel ectively cleaves the RNA
strand. A Nucleotide that is cleaved with a ribonuclease Honly if 25
there is o ™isHfdidh iGamde angraated HE pihrdadi s adads A0OS: i2%ion.

ri bonucl eotide at a site in the Nucleotide corresponding to the base for
whi ch a sdbtEhamEie i £ 3N dueetiaifommiion salmuts pftd fowe$émie atf on
concerning the ribonuclease to be used according to the present invention
5 as | ongda¥ase wad i tartion tandfthecgrd xdhd e duts el otreabdeas et ei ¢
aci d conposed of the Nucleotide of the present invention containing a

ri bonucl edtiedesaimel &§1iDRA ascofipl koest afpurheargias aofl delcdebindeles dadyi ng at
the ribonucleotide portion. For exanple, a ribonuclease Hfrom 10

Eschéri chbavdeld ,one ®% i bonucltegsss Hoffr dmased hpllapphi ldtc abassertivh

bel ongi ng to genus Bacillus, a bacterium belonging to genus Thernus, a

bact er i umclogirersgiongl iingy genuthe Ryasee ool UinterdBiCtffd Wrdie] ¥8Wi Nghd oc1genus
Thernotoga or a : :
type of the base contained in the primer that results in
extension is then examined.
As described above, the Nucleotide of the present
10 invention is converted into a primer that is capable of DNA
-extension as a result of cleavage with a nuclease, The
portion of the Nucleotide. 5' to the'cleaﬁage site for the
nuclease serves as a primer for DNA extension. There is no
specific limitation concerning the nuclease ‘as long as it
15 cleaves (or does not cleave) the Nucleotide depending. on
the presence of a mismatch in a double-stranded nucleic
acid formed as a result of annealing of the Nucleotide to a
taréet nucleic acid. Examples thereof include a
ribonuclease H, a restriction enzyme and a mismatch-
20 specific nuclease.
A ribonuclease H (RNase H) is ah enzyme that
recognizes a double-stranded nucleic acid composed of a DNA
and an RNA and selectively cleaves the RNA strand. A

Nucleotide that is cleaved with a ribonuclease H only if

25 there 1s no mismatch can be prepared by placing a



“bact erium bel ongi ng to genus Archaeogl obus can be 15 preferably 1useatlaXo5;
such, an enzyne. Although it is not intended to limt the present
.invention, the ribonuclease H preferably exhibits a high activity under
the sane reaction conditions as those for a DNA polynerase to be used at
the sanme tinme. If the Nucl eotide of the present invention is 20 to be used
in conbination with a nucleic acid anpl 2B cation reaction, it is
preferable to use a ribonuclease Hthat exhibits its activity under

condi ti ons under which the- reaction is carried out. For exanple, it is
advant ageous to use a heat-resistant ribonuclease Hif a nucleic acid 25
anpl i fi catiidiPreakeovide et 4 nvbteesnatheatcbaobidd8cdbke2pOhdR4gt teat nent
at a high tenperature (e.g., PCR) is to be wutilized. For exanple, a

ri bonucl edde Badsonidaciiics acalbot thakioRyiscoechs feteessd,. Pyrococcus
hori koshii, Thernococcus litoralis, Thernotoga maritima, Archaeogl obus 5
ful gi dus or Met hanoclczues fannashispearn fiie usediBst doheaiond@siisti@nthe

ri bonucl ease H A restriction enzynme is an enzyne that recognizes a

speci fic bddersuhmmme {ofbd tieed hases)dinyg o DY apfeschtavgsentisn
position within or around the sequence. if 10 the base portion for which a

substd tutiaen lengo dre det érdedanovect Bpst i IUF Bed6§ROREHEOR Sggugnee for a
restriction enzynme, a Nucleotide prepared to include the sequence can be

used for detrecidesh aficlebaseasibstohpbised &f &ndT SHRIEHLE §a06her ated
bet ween a Nucl eoti de and a target ,
bPresent invention containing a ribonucleotide and a DNA&
complementary thereto and selectively cleaving at the
ribonucleotide portion. For example, a ribonuclease H from
10 Escherichia coli, of a ribonuclease H from a thermophilic
bacterium belonging to genus Bacillus, a bacterium
‘belonging to genus Thermus, a bacterium belonging to: genus
Pyrococcus, a bacterium belonging to genus Thermotoga or a
bacterium belonging to genus Archaeoglobus can be
15 preferably used as such an enzyme. Although it is not
intended to limit the present invention, the ribonuclease X
preferably exhibits a high activity under the same react;ion
conditions as those for a DNA polymerase to be used at the
same time. If the Nucleoticie of the present invention is
20 to be used in combination with a nucleic acid amplificétion
reaction, it is preferable to use a ribonuclease H that
exhibits its activity under conditions under which the
reaction is carried out. For example, it is advantageous

to use a heat-resistant ribonuclease H if a nucleic acid

25 amplification reaction that involves a reaction or



15 nucleic acid, cleavage with a restriction enzynme does- not occur. One
can-have information about the presence of the base subst it uti ohfbdliedldn
.the results. If such a Nucleotide is to be used, it is necessary to nmake
the target. nucleic acid insusceptible to cleavage with the 20 restriction
enzyne. It is possible to confer resistance to 25 the restriction enzyne
specifically to the target nucleic acid4 for exanple, by methylating the
specific bases using a nodification nmethylase corresponding to the
restriction enzynme to be used. An enzyne that recognizes and cl eaves a
msmatch 1 8 JUL 2005 25 between a target nucleic acid and a Nucl eoti de
unl i ke t héTeRERIeAlt oRediidh tigrRerAtUNR| cdsal maPCBe used. tdltbél or
the |ike may be used as such an enzyne. The Nucl eotide of the present

i nvent i on Uts 1ized .eavelomi texampd eyucheasihoruabya e - Her firans Bschehes at ed,
-and DNA extension is then initiated fromthe termnus. There is no

speci fi ¢ l9adidaiarax, corygratanruse DN oqud )y mePyasecatseds | ho i Boskep, as
long as it is capable of DNA extension fromthe 31-term nus of a prinmer
dependi ng Trerr@adueseqlithera bf st h€hebhAtagaa raennliaie. Axenpdegldbes eof

i nclude Escherichia coli DNA polynerase |, Klenow fragnment,. T7 DNA

pol y&er as€ulonausolomeasksnbdeonrtiberjapphishic cataderige8ebeng Ng=4 - genus
Baci |l us (Bst DNA pol ynerase, Bca DNA pol ynerase), DNA pol ynerases from
bacteria resistant ribonuclease H.

A restriction enzyme is an enzyme that recognizes

a specific base sequence (Qf 4 to 8 bases) in a DNA and
cleaves at a position within or aroﬁnd the sequence. If

10 the base portion for which a substitution is to be detected
overlaps with' a recognition sequence for a restriction
enzyme, a Nucleotide prepared to inclu&é the sequence can

be used for detection of a base “substitution. If a
mismatch is- generated between a Nucieotide énd- a target

15 nucleic acid, cleavage with a restriction enzyme does not
occur. One can have information about the presence of the

base substitution based on- the results. If such a
Nucleotide is to be used, it is necessary to make the
target: nucleic acid insusceptible to cleavage with the

20 restriction enzyme. It is possible to confer resistance to
the restriction enzyme specifically to the target nucleic

acid, for example, by methylating the specific bases using

a modification methylase corresponding to the restriction

enzyme to be used.

25 An enzyme that recognizes and cleaves a mismatch



15 bel onging to genus Thernus (Taq DNA pol ynerase, etc.) and a-type DNA
pol yﬂerases fromthernophilic archaebacteria (Pfu DNA pol yneras 8 é‘ﬂlc.2905
.If the Nucleotide of the present invention is to be used in -conbination
with a gene anplification reaction, 20 a DNA polynerase suitable for the
gene anplification reaction is selected for use. A fragnent of a 3
portion of the Nucleotide of the prese@@ i nvention.generated as a result
of cleavage w th a nuclease can remain annealed to a target nucleic 25
acid if it is sufficiently long, although it nay be 1 8 JUL 2005 26
rel eased fromthe target nucleic acid if it is short. If a DNA polynerase
havi ng. a REWGRE Qi §pracémawcleds iagig aBd asdlicliesd iideagmehtke sthe
dessociated fromthe target nucleic acid upon DNA extension by the DNA
poIynerasépqwe?9q§@¥qpﬁgl?%%rEEEeﬁaOfnguélsaSesVn@wbmﬁﬂwﬁek.adrmwiHy is
used, the fragnent is deg&gded by the DNA pol ynerase. Al though it is not
i ntended t9F 1508 tL iR fredemtusedvant $oeh dmremxan®l e, an ' ol i gonucl eoti de
having a structure represented by the follow ng general fornula can 10 be
used as the Nucl eot il of Nepbepkbdent ofnvéhei optaserase inheitelen  is
ribonuclease His used as a nuclease: CGeneral fornula: 5'-dNa-Nb-dNc-N -3
(a: an i ndgavest witlrtheraucheaan,i at eager Vi-temrimy eis gendratean
integer of 1 or nore, dN. deoxyribonucleotide; 15 N ribonucleotide; N
nucl eot i déngodPNAedexsembiohatis then initiated from the terminus.
There is no specific 1limitation concerning the DNA
polymerase used in this step as long as it is capable of
DNA extension from the 3'-terminus of a primer depending on
10 the sequence of the DNA as a template. Examples thereof
include Escherichia coli DNA polymerase I, Klenow fragment,
T7 DNA  polymerase, DNA polymerases from thermophilic
bacteria belonging to genus Bacillus (Bst .DNA polymerase,
Bca DNA polymerase), DNA polymerases from bacteria
15 belonging to genus Thermus (Taq DNA polymerase, etc.) and
a-type DNA polymerases from thermophilic archaebacteria

(Pfu DNA polymerase, etc.).
If the Nucleotide of the present invention is to
be used in -combination with a gene amplification reaction,
20 a DNA polymerase suitable for the gene amplification
reactioh is selected for use.
A fragment of a 3' portion of the Nucleotide of
the present invention generated as a result of cleavage
with a nuclease can remain annealed to a target nucleic

25 acid if it is sufficiently long, although it may be



.extension by a DNA pol ynerase does not occur). The por.tion represented b{
Nbo i-p the general formula contains a base corresponding to the bdst s PR
_subjéct of substitution detection. Furthernore, the 20 Nucl eoti de nay
contain a nucleotide analog or a derivative (a nodified nucleotide) as
|l ong as the function, of the Nucleotide is not spoiled. A Nucleotide that
is a chimeric oligonucleotide represenf&d by the general formula wherein
N is a nodified 25 deoxyribonucleotide, a is an integer of 11 or nore,
b=1 to 1 8 JUL 2005 27 3, c=Oto 2 is exenplified. There is no specific
limtation concerning the base corresponding to the base as the subject of
the base sifbR33% i brPcteetfaroet peontede acidi $f| btaiedsharthe Fér @i on
represented by Nb. In one 5 enbodi nent of the present invention, for
exanpl e, PNNuBPgTRgEsEn DaVERTt e bbrghH ofispkapemenon acdirasent éd by
(dNc-N') is three bases and a base corresponding to. the base for which a
base substugagi ofh¢s freghentetisct@esscciabedt édont e Riresd aficlbkéc
portion represented by Nb can 10 be preferably used. Such a Nucleotide
exhi bits @%osbdirepedNAi dxbernsiqregay dthe dBiZechs bymefase basa-SubsDNRUL i on.
Detection of a fragnent of a 31 portion released fromthe Nucleotide of the
present i MadiMenedy wagge 5'+3t hexomuclease actbyiaypiedustdgenaeat ed
upon a DNA 15 extension reaction subsequent to the cl eavage (an extension
product) darmdamertacid idegmtahdy heherieensel pfic fabase
Although it is not intended to limit the present
invention, for example, an oligonucleotide having a
structure represented by the following.general formula can
10 be used as the Ndcleotide of the present invention in case
where a ribonuclease H is used as a nuclease:
General formula: 5'-dNa-Nb-dNc-N'-3'
(a: an integer of 11 or more; b: an integer of 1 or more;
c: 0 or an integer of 1 or more, dN: deoxyribonucleotide;
15 N: ribonucleotide; N': a nucleotide modified . such that
extension by a DNA polymerase does not occur).

The portion represented by Nb in the general
formula contains a base corresponding to‘the base as the
subject of _substitutiop detection. Furthermore, the

20 Nucleotide may contain a nucleotide analog or a derivative
(a modified ﬁucleotide) as long as the function of the
Nucleotide is ﬁot spoiled. |

A Nucleotide that is a chimeric oligonucleotide

represented by the genéral formula wherein N' is a modified

25 deoxyribonucleotide, a is an integer of 11 or more, b=1 to



"substitution can be conveniently confirmed by appropriately |abeling the
Nucleotide. There is no specific limtation concerning the 20" {gtjQdody®r
.l abeling a Nucl eotide. For exanple, radioisotopes (12p etc.), dyes,
fluorescent substances, |um nescent substances, various |igands (biotin,

di goxi genin, etc.) and enzynes can be used. The presence of a product
derived froma | abel ed Nucl eotide can b&725 confirned by a detection nethod
suitable for the label. A 1 8 JUL 2005 28 ligand that cannot be directly
detected may be used in conbination with a |Iigand-binding substance having
a detectable | abel. For exanple, a target nucleic acid can be detected
with high $¥ens$T9vi®y b9 us$ ngeseppbifitedf r om Bhére i gamd-habespecNatteot i de
in conbination with an enzyne- |abeled anti-ligand antibody and anplifying
the si gnaliinisaimirscorcerdbug nehe sbase ftuorespendind abel Ede Nozseoss des
include a Nucleotide labeled with both a fluorescent substance and a

subst ance i sigoaechepiforthsf bage qeehshi gt fdbnodeseendenenist tishd rasm t he
fluorescent substance.with appropriate spacing. Such a prinmer does not

.emt fludrtestendedated is thearpdmtiaot sépresetop@ver, Nb. erid sone
fluorescence if it is cleaved with a nucl ease, and the fluorescent
substance e dimerjuenehi nghsubptraseatar dntentlianed aora dsdmice, Shnce
such a Nucl eotide emts 20 fluorescence at the sane tine as the initiation
of a DNA Nucleotide in which the length of the portion represented

by (dNé—N') is three bases and a base corresponding to the

base for which a base substitution is to be detected is

located at the 3' end of the portion represented by Nb can

10 be preferably used. Such a Nucleotide exhibits a good
specificity in regard to detection of a base. substitution.

- Detection of a fragment of a 3! porfion released

from the Nucleoﬁide of the present invention by cleavage

‘with a ﬁuclease or. by a product generated upon a DNA

15 extension reaction subsequent to the cleavage (an extension

product) can be facilitated and the presence of a base

substitution can be conveniently confirmed by appropriately

labeiing the Nucleotide.

There is no specific limitation concerning the

20° method for labeling a Nucleotide. For example,

radioisotopes (¥P, etc.), d&es, fluorescent substances,

luminescent substances, various ligands (biotin,

digoxigenin, etc.) and enzymes can be used. The presence

of a product derived from a labeled Nucleotide can be

25 confirmed by a detection method suitable for the label. A



_extension reaction, one can have information about the presence @% JyiP
subssitution by directly observing a reaction mxture during a reaction.
..(2)’The method for detecting a base substitution of the present invention
The Nucl eotide of the present invention as described in (1) above is used
in the nethod for detecting a base substitution of the present invention

and the nethod 25 conprises: 18 JUL 2008829 5 (1) mixing a sanple
containing a target nucleic acid with the Nucleotide; (2) treating the
m xture with a nuclease and a DNA polynerase; and (3) detecting the
presence of, cleavage of the Nucleotide with the nucl ease. The presence of
a base subtandit £BAti scapret nibteddbasetilyn deeqiieateney ofe ciseavaie of a
Nucl eotide with a nucl ease according to the characteristics of the
Nucl eot i deeago et imresent th nvent ildgab@-hd ndéser | ebstrar(cl dmwvingA a
si ngl e-stranded or doubl e-stranded nucleic acid (DNA or. RNA) can be used
as a targetetamiagile abibkel n t For retdmml d,or adébegbitnqua ledse sabdt cant i on
of the present invention. Depending on the nuclease to be used, it may be
15 di ffi ciet dedamedanwiRYA lisgla datgetivic)y eéve @acity 4 nptbdsctcasen a base
substitution in an RNA can be detected by , _
5 ligand-labeled Nucleotide in combination with an enzyme-
labeled anti-ligand antibody and amplifying the signal.
Examples of embodiments of fluorescence labeled
Nucleotides include a  Nucleotide labeled with both a
fluorescent substance and a substance having an action of
10 quenching fluorescence emitted from ‘the fluorescent
substance.with appropriate spacing. Such a primer does not
.emit fluorescence if it is in an intact state. However, it
emits fluorescence if it is cleaved with a nuclease, and
the fluorescent substance and the quenching substance -are
15 - .placed at a distance. Since' such a Nucleotide emits
fluorescence at the same time as the initiation of a DNA
extension reaction, one can have information about the
presence of a base substitution by directly observing a
reaction mixture during a reaction.
20 (2) The method for detecting a base substitution
of the present invention
The ©Nucleotide of the present invention as
described in (1) above is used in the method for detecting

a base substitution of the present invention and the method

25 - comprises:



.preparing a cDNA using the RNA as a tenplate and using the CcDNA asg gy_ 2005
targgt nucl eic acid. According to the present invention, a sanple 20
.containing a target nucleic acid can be used for a detection reaction. Any
sanpl e that nmay possibly contain a nucleic acid-or an organi smsuch as a-
cell, a tissue (a biopsy sanple, etc.), a whole blood, a serum a
cerebrospinal 25 fluid, a sem nal quid?9a saliva, a sputum a urine,
feces, 1 8 JUL 2005 30 a hair and a cell culture may be used wi thout
limtation. Although it is not intended to limt the present invention,
the test sanple may he subjected to the nethod of the present invention
preferably after it (13 dpbfbp¥i at Saprd epremsxiating or  dragelte nedleicit is
converted into a form wth which one can carry out a reaction using a DNA
pol yner as@C1GudH by ddes e liaedligts | ysis of a cell as well as extraction
and purification of a nucleic acid froma sanple. 10 According to the

met hod for detectindZ2d baseatinpstheutniotwfe t kéthr esemicleavsat iaow], 4 he
presence of a .base substitution is deternm ned based on. the presence of
cl eavage &NAapRUMIreskisge tamcbe used and the presence of a DNA extension
reacti on subsequent to the cleavage. There 15 is no specific limtation
concérni ng the net hd@)f odetbetidgt ertrd natresencando knaeaveans of aftedyzi ng
a nucleic acid can be used. Exanples of nethods for determ ning the
Nucleotide with the nuclease. The presence of a base
substitution 1is determinéd based on the presence of
cleavage of a Nucleotide with a nuclease according to -the
characteristics of the Nucleotide of the present invention
10 as described in (1) above.
A single-stranded or double-stranded nucleic acid
(DNA or RNA) can be used as a target nucleic acid in the -
method for detecting a base substitution of the present
invention. Depending on the nuclease to be used, it may be
15 difficult to use an RNA as a target nucleic acid. In this
case, a base substitution in an RNA can be detected by
preparing a cDNA using the RNA as a template and using the
cDNA as a target nucleic acid.
According to the present invention, a ~sample
20 containing a target nucleic acid can be used for a
detection reaction.
Any sample that may possibly contain a nucleic
acid or an organism such as a cell, a tissue (a biopsy

sample, etc.), a whole blood, a serum, a cerebrospinal

25 fluid, a seminal fluid, a saliva, a sputum, a urine, feces,



.presence of a DNA extension reaction include the follow ng: a n?thod in
whi c\{] a generated extension product is 20 separated for confi rmatiaoﬁu‘b)m@el
.el ectrophoresis (agarose gel, polyacrylamde gel, etc.) or capillary

el ectrophoresis; and a nethod in which increase in length of an extension
product is nmeasured by nmass spectronetré. I n anot her enbodi nent, a net hod
in which incorporation of a 25 nucl eoti 8 into an extension product is
determned is 18 JUL 2005 31 exenplified. In this nmethod, one can have
informati on about an anpbunt of a synthesized extension product as an

amount of a .nucl eotide triphosphate having an appropriate |abel
i ncor por ated 3t 0*2% néc e‘E&%‘Fr%xIE‘%Ms &n Usesdutithantrhbimhbakions t he

gener at ed ensi.on product can be determ ned, for exanple, after
separatinéﬁﬁ%%nﬁﬂdegﬁqﬁﬂﬂﬁ Irededdtqukiebt i tee pYesent preenplenti on or

gel electrophoresis. Furthernore, a nethod in which pyrophosphate
gener at ed TSont8SENS R EhsTGY reactF Rl ¢ated 0 teet blee ediaihashz piat tlee neans
may be used. According. to the detection nethod of the present invention,
t he ext en$itEF SFoddey eRdyobe. pPrgferablanpkiftiesd itsi hy aammoswr batékyc acid
anplification reaction. Such an enbodinent is useful in view of highly
sensi%t | vePgecessissh f0r otxambiee ediisti tit i bn. cvaveousdnucitei a atdrn
amplification' methods in which a priner having a sequence conpl enentary
to a nucl #i&h avhdchs aneenphat ecasrysemitam beeasédoas tbénguchei BNACI d
polymerase. Such processes include lysis of a cell as well
. as extraction and purification of a nucleic acid from a
sample.

10 According to the method for detecting a base
substitution of the present invention, .the presence of a
base substitution is determined based on.the presence of
dleavage of a Nucleotide to be used and the presence of a
‘DNA extension reaction subsequent to the cleavage. There

15 is no specific limitation concerning the method for the
determination, and known means of analyzing a nucleic acid
can be used. Examples of methods for determining the
presence of a DNA extension reaction include the following:

a method in which a generated extension product is

20 separated for confirmation by gel electrophoresis (agarose
gel, polyacrylamide gel, etc.) or capillary
electrophoresis; and a method in which increase in length
of an extension product is measured by mass spectrometry.

In another embodiment, a method in which incorporation of a

25 nucleotide into an extension product is determined is



Lanplification reaction without limtation. For exanple, 20 known 4
anprlfication nmet hods such as Pol ynerase Chain Reaction (PCR, Uni
.States Patent Nos. 4,683,195, 4,683,202 and 4,800, 159), Strand

Di spl acement Anplification (SDA, JP-B 7-114718), Self-Sustained Sequence
Replication (3SR), Nucleic Acid Sequengi Based Anplification (NASBA 25
Japanese Patent No. 2650159), Transcription-Mdi ated 18 JUL 2005 32
Amplification (TMA), and Isothermal and Chineric priner- initiated
Amplification of Nucleic acids (I CAN, WO 00/56877) can be used. A base
substitution in .a target _nucleic acid can be detected by using the

Nucl eot i €T R e B Gr eselt iTieht PEARRS a PP neral oRadpnt HeEpEmatianpnA
conplenmentary to a DNA strand as a tenplate in such a nethod. If the

net hod fora%d%itec%ﬁl n§ReUR&s € S ubs tiviihiesd zegh  eHeeF bRRNPIPAVSH iah BB
carried out utilizing the 10 above-nentioned nucleic acid anplification

met hod, tﬁ@mnﬂﬂbl%%tgd@u&ﬂQQﬂéqﬂwiﬁ%@h¢ﬁ9%®¥¢ohaWQDGSéﬁla@pnropéééteone

of the primers used in the nethod, and a nucl ease suitable for the

Nucl eot i dé-3R8)i AAIGIdP Hatathd enct it egme kenu ke orxitemgs tont heodetect i on
of a base substitution 15 utilizing a nucleic acid anplification reaction
as descrilpéd apevat tRé pkBsengenstasedasextanstipnut ponduah beandeber mi ned
based on generation of a specific anplification product by the. reaction.
Al t hough idetermiged nifearideekamrlei niftehe sppesentt ngnwdn immddot Exampl e,
gel

géyL 2005

unreacted nucleotides by acid precipitation or gel

electrophoresis. Furthermore, a method © in which

pyrophosphate generated upon a DNA extension reaction is
10 detected by enzymatic means may be used.

According to the detection method of the present
invention, the extension pfoduct may be.further.amplified
using a known nucleic.acid amplification reaction. Suéh an
embodiment is useful in view-of highly sensitive detection

15 of a base substitution.

Various nucleic acid amplification methods in
which a primer having a sequence.complementary to a nucleic
acid as a template is used can be used as the nucleic acid
amplification reaction without limitation. For example,

20 known amplification methods ‘such as Polymerase Chain
Reaction (PCR, United States Patent Nos. 4,683,195;
4,683,202 and 4,800,159), Strand Displacement Amplification
(SDA, JP-B 7-114718), Self-Sustained Sequence Replication
(35R), Nucleic Acid Sequence Based Amplification (NASBA,

25 Japanese Patent No. 2650159), Transcription-Mediated



.20 el ectrophoresis, hybridization using a probe having a sequenceq g juL 2005
co enentary to the anplification product, a fluorescence polarization
.methbd utilizing a fluorescence | abeled Nucleotide, the TagMan net hod and
the like can be wused for the generated anplification product. In addition,
25 detection reactions suitable for the_respective gene 18 JUL 2005 33
anplification nethods can be al so utili2éd. If base substitutions are to be
anal yzed using the detection nethod of the present invention at a genonic
| evel, the volunme of the reaction systemmay be nade 5 snaller and a neans
of increasing degree of integration may _be used in conbination in order to
anal yze. Pgﬁg‘é%% (Y AhaseandqheREBSIMA LN anbchhpMETied REVRR AT by
several centineters square to fingertip on which the basic rocesses of

t he. det ectifort 4fdt9tbd BFPLAELEAREPRI s Ofet hYHCIR1E0 t3Rl®s esdAEANAVer#Pon
(e.g., extraction of a DNA froma «cell, a nucleic acid anplification
reaction, Pet3E&10n. cor benerdpdh of A nbasestsubstichutdan i hregr atadgesi ng.
an up-to- date mcro fabrication technique nmay be used in conbination as
such a neawsleds jashial |SaAD frocisested yelusingapie |INugldstsdect f opher esi s
and hybridization with a detection probe may be conbined. Such a systemis
cal | % a MIesesHi p inyentiiono- eapi & apyimdectifapheyvedhesiGE) ofhi p obNA
nanochi p. Any nucleic acid anplification reaction nmay be wutilized in such
a syst em @ondEReasatie DNA 4 r APenstoand2(s nkereshpistanpld f sedhusang t he

reaction. Al though it is
method.

If the method for detecting a base substitution
of the present invention is carried ouﬁ utilizing the
10  -above-mentioned nucleié acid amplification method, the
Nucleotide of the present invention is used as at least one
of the primers used in the method, and a nuclease suitable

for the Nucleotide is included in the reaction system.
According to the detection of a base substitution
15 utilizing a ngcleic acid amplification reaction as
described above, the presence of a base substitution can be
determined based on generation of a spec;fic amplification
product by the.reaction. Although it is not intended to
limit the present invention, for example, _gel
20 electrophoresis, hybridization using a probe hafing a
sequence complementary ‘to the amplification product, a
fluorescence polarization method utilizing a fluorescence
labeled Nucleotide, the TagMan method and the like can be
used for the generated amplification produét. In addition,

25 detection reactions suitable for the respective gene



.not intended to limt the present invention, for exanple, a methpgd hj 2005
which a nucleic acid can be anplified under isothermal conditions sucLh as
.the ICAN net hod can be preferably used. The conbination with such a nethod
can 25 sinmplify the systemand is very preferably utilized for the 18 JUL
2005 34 above-nentioned integrated system Furthernore, a nore highly.
i ntegrated system can be constructed utBBizing the techniques according to
the present invention.. The specificity of detection of a base 5
substitution can be inproved by. including a nodified nucleotide in the
Nucl eotide of the present invention and/or by appropriately adjusting the
reacti on CHIEGEGHE N matwdrtdanl kE aheo pektbhzednvention. . The
Nucl eoti de of the present invention having a 10 . |abel as described in
(1) above can facil itfat e8secavastigtutoionf ehe preskacearsflyzddNAuekhgnsi on
reaction, _and is useful for the nethod for detecting a base substitution
of the prédéntdatrmaniqromethodhp§ theepresent gmemertienfatan egerosion
reaction i s confirnmed by detecting 15 a | abel ed substance derived fromthe
Nucl eot i déem?drrrefth@d vedimgbl eff othe herdaatizioras syesem bed yabbee. mkde
exanmple, if the Nucleotide of the present invention to which a fluorescent
substiance sté lderachied d seans nef uverkeamtiing dégréabef lstestathed wnaya
portion that 20 is utilized as a priner, an extension product can be
det ect ed bei lUsddhginheofibinetsornde dfder | abebnbadyze a large number
of base sequences. A microchip sized several by several
centimeters square to fingertip on which the basic
processes of the detection method or the analysis method of
10 the present invention (e.g., extraction of a DNA from a
cell, a nucleic acid amplification reaction, detection.of
the DNA of interest, etc.) are integrated using an- up~to-
date microfabrication technique may be used in combination
as such a means. Optional_ly, processes of gel or capillary
15 electrophoresis and hybridization with a detection ‘probe
‘may be combined. Such a system is called a microchip, a
micro-capillary electrophoresis (CE) chip or a nanochip.
- Bny nucleic acid amplification reaction may be
utilized in such a systém as long as the DNA fragment of
20 interest is amplified using the reaction. Although it is
not intended to limit the present invention, for example, a
method in which a nucleic acid can be amplified under
isothermal conditions such as the ICAN method can be

preferably used. The combination with such a method can

25 simplify the system and is very preferably utilized for the



“attached to a portion 3' to the cleavage site for a nuclease inqag jyL 2005
Nucleoti de, the presence of an extension reaction can be detected based on
.dissbciation of a 3" 25 fragnent fromthe target nucleic acid, conversion
of the 18 JUL 2005 35 fragnent into a smaller nolecule due to a 51-.3
exonucl ease activity of a DNA polynerase or the like. A fluorescence

pol ari zation method is preferably utili3éd for such an enbodi ment that

i nvol ves change in nolecular weight of a 5 fluorescence |abel ed

Nucl eotide. If the Nucl eotide of the present invention which is |abeled by
attaching a fluorescent substance and a .substance having an action of
quenchi ng UG TN athi LnégIrasedt haystenr escéur thersbarse suaiotdat the
10 fluorescence is not emtted is to be used, the fluorescence is emtted
at the safddhlie Wwtegeatedt sasiten ofamarbe exbersiontedacttiidizitherefore, a
base substitution.can be very readily detected. In the above-nentioned
respect i véSSHBddURshtasscanding g ithieipmesrd dotvetesiceach havi ng adeni ne
(A), cytosine (C, guanine (G, thymne (T) or uracil (U at a position
correspondi ng to thd&hs t e shecifiiicditya base sdbstctubhon 68 t® bepges ected
as. well as a distinguishable different [abel, one can have information
about® t he speddiadiom a dease 20 simptdstad i dyy anchdlhelinpe Of md@ified
substituted base at the sane tine. The Nucl eotide of the present invention
can be nucleotide in the Nucleotide of the present invention

and/or by appropriately adjusting the reaction temperature
in the method of the present iﬁvention.

‘'The Nucleotide of the present invention having-a :

10 . label as described in (1) above can facilitates
confirmation of the presence of a DNA extension reaction,
and 1is useful for the mefhod for detecting a base
substitution of the present invention. In this case, the
bresence of an extension reaction is confirmed by detecting

15 - a labeled substance derived from the Nucleotide by a method
suitable for the label as described above.

For example, if the Nucleotide of the present
invention to which a fluorescent substance is attached is
to be used and if the label is attached to a portion that

20 is utilizéd as a primer, an extension product can be
detected wutilizing the fluorescence. If a label is
attached to a portion 3' to the cleavage site for a
nuclease in a Nucleotide, the presence of an extension
reaction can be detected based on dissociation of a 3

25 fragment from the target nucleic acid, conversion of the



.used in a PCR for detecting a base substitution. In this case,.tHe JuL 2005
Nucl-eotide of the present invention is used in 25 place of one of PCR
.primers, and a nucl ease suitable for 18 JUL 2005 36 the Nucleotide is
further added to a normal reaction mxture for PCR A base substitution
can be detected with high sensitivity bg sel ecting a nuclease that is not
i nactivated under the conditions for thé>PCR 5 Cells of hi gher ani mal s

i ncludi ng humans are wusually diploid having a pair of chronosones.
Therefore, if a base substitution may exist for a specific base on a
chronosone, there are three possible cases as follows: ~honbzygote

(hono- t ygif)raigﬁl i SR E5bth T ORI MGl e e ot et | 5 ted hoexorwel eadpase
substitution; honpbzygote (hono- type) in which base substitutions are

pr esent oﬁcﬁ&ﬁﬁtﬂbﬁ¥gnﬁsg PodnFafase oy gbee Lh&eer o ypRjoresedmcd only
one of chroqnsqnes,has a base substitution. It is possible to exam ne

whet her t Re1§&nE@AHIOTOf Methody #pplpreferahly orutdnl izl vifduwal shaki nant he
cell is honmp- type or hetero-type for a specific base in a gene by
appl yi ng ERECFEMHE fERatletlaroiligsa darasubst italtdsmnaxf wehehpr efens _
invention to a nucleic acid sanple prepared fromthe cell. Although it is
not Pnt endédoresicerice tiebdedMardmotiimeanti on, for exanple, if the nethod
of the present invention is carried out using Nucleotides that correspond

to four types of badds Hl Nueledebdedoff thhepeesien thd miesttmitarh, wisi @nal s
are detected as a result of -
is labeled by attaching a fluorescent substance and a
. Ssubstance having an actiqn of quenching fluorescence
emitted from the fluorescent substance .such that the
10 fluorescence is not emitted is to be used, the fluorescence
ls emitted at the same time as the initiation of an
extension reaction. Therefore, a base substitution can be

very readily detected.:
In the above-mentioned respective embodiments, by
15 utilizing Nucleotides each having adenine  (A), cytosine (C),
guanine (G), thymine (T) or wuracil (U) at a position
corresponding to the site for which a base substitution is
to be detected as.well as a distinguishable different label,
one can have information about the présence of a base
20 substitution and the type of the substituted base at the
same time.

The Nucleotide of the presént invention can be
used in a PCR for detecting a base substitution. In this

case, the Nucleotide of the present invention is used in

25 place of one of PCR primers, and a nuclease suitable for



.cleavage of the Nucleotides for two of the Nucleotides for 25 a nucq{ gi fyL 200
aci dysanple derived froma cell of which the 18 JUL 2005 37 genotype is
_hete}o-type. On the other hand, a signal is detected for only one of the
Nucl eotides for a nucleic acid sanple derived froma cell of which the
genotype is hono- type. In addition, it_is possible to sinultaneously 5

det erm ne whet her the hono-type has or dBes not have a base substitution.
As descri bed above, the nethod of the present invention is useful for
detection of a base substitution in an allele. (3) The kit used for
detecting ba 10 S%fsthtution of the present invention The present

i nvent i on Provided s iide uded £rthest eadrisR ofo a2basersabstreactbean
according _to the. present invention as described above. In one enbodi nment,
the kit CortEinRs ﬁﬁ%3%@%1eo%i8é56fSphéta¢@§é@miq@nahecﬁﬁt¢¢ta®yw15h
contain a.set of Nucleotides each containing one of four types of bases
that can B&XsedrsIiddtVdith n@%t heeprssdnge 2of nuchassesubbekt uisonnahd t he
type of the substituted base at the sane tinme. Furthernore, the kit may

contai n ailRGdeRdes Hnded el rcandi Nantectadeher B pol ymer ase, a 20
substrate for the DNA polynerase (dNTP), a buffer suitable for the

reacti on and the |ik&llQ t &fnahiigbey, shémkiles nayclodhnhgi nhamarageatef or
detection of a prinmer-extension product. A kit containing a reagent for
pr epar i ng USUaddactdonl it baeinged fpwim ofickbiromasbreanpl i Thentfone,
if a base substitution may exist for a specific base on a
chromosome, there are three possible cases as follows:
homozygote (homo-type) in which both chromosomes of the
10 cell do not have a base substitution; homozygote (homo-
type) in whi@h base substitutions are present on both
- chromosomes; and heterozygote (hetero-type) in .which only
one of chromosomes has a base substitution. |
It is po.ssible to examine whether the genotype of
15 a diploid cell ‘or an individual having the cell is ‘homo-
type or hetero-type. for. a specific base in a gene by
applying the method for detecting a base substitution of
the present invention to a nucleic acid sample prepared
from the cell. Although it is not intended to limit the
20 present invention, for example, if the method of the
present ;nvention is carried out using Nucleotides that
correspond to four types of bases and are cleaved if there
is no mismatch, signals are detected as a result of

cleavage of the Nucleotides for two of the Nucleotides for

25 a nucleic acid sample derived from a cell of which the



.25 nethod is preferable as a kit for detecting a base 1 8 JUL 200? 3§n.an5
subsfiitution in conbination with a nucleic acid anplification ne ﬂo .
.Exanples The follow ng exanples further illustrate the present. invention
in detail but are not to be construed to |imt the scope thereof.
Referential Exanple 1: Coning of Pyrocgoccus furiosus RNase HIl gene (1)
Preparation of genom c DNA froanyrococéﬂs 10 furiosus 2 L of a medium
contai ning 1% Tryptone (Difco Laboratories), 0.5%yeast extract (Difco
Laboratories), 1% soluble starch (Nacalai Tesque), 3.5%Janmarine S Solid
(Jamarine Laboratory),! 0.5%Jamarine S Liquid (Jamarine 15 Laboratory), O.
003% Ngsoﬂflwtm%/waéﬁ,teép-Mf% FeQoy theHmbhey, oooid, Ca56400@.10009%
CaCl2z 7H20L 0.0001% ZnSQ41 ' 0. 1 CuS 04 5H20L 0.1 ppm KA. 1 (S 04) 2, O.
1 ppm H3BAeLasted Hfinn FEMNEMOE the dlesie: Rie ppfnmMi Cric B0 awisd pl aced
ina2-L mediumbottlie, sterilized at. 120C for 20 m nutes, and 20 bubbl ed
wi th nitrcgaPlfasienl vedmisodi gselaidd @ik ygeihch Thea, g2hoRypec dec usoar i osus
(purchased from Deutsche. Sanmi ung von M kroorgani smen; DSMB638) was

i nocul at ed¥Rft.o t hénneaddiition, it 1is possible to simultaneously

S determine whether the homo-type has or does not have a base
substitution. As described above, the method of the
present invention is useful for detection of a base
substitution in an allele.

(3) The kit used for detecting a base
10 substitution of the present invention
The preéent invention provides a kit used for

detection of a base substitution according to the present

invention as described above. In one embodiment, the kit
contains the Nucleotide of the present invention. It may
15 contain a set of Nucleotides each containing one of four

‘types of bases that can be used to determinelthe presence

of a base substitution and the type of the substituted base

at - the same time. Furthermore, the kit may contain a
nuclease suitable for the Nucleotide, a DNA polymerase, a

20 substrate for the DNA polymerase (dNTP), a buffer suitable
for the reaction and the like. Alternatively, the kit may
contain a reagent for detection of a primer-extension

- product. A kit containing a reagent for preparing a
reaction mixture used for a nucleic acid amplification

25 method is preferable as a kit for detecting a base



.and cultured at 95C for 16 hours w thout shaking. After cultlvatlon ceIIs
vvere‘)col | ected by centrifugation. The resulting cells were then st

.in4'm 1 8 JUL 2005 39 of - 25% sucrose, 50 nmM Tris-HC1 (pH 8.0) . 0.4 m of
a 10 nmg/m |ysozyme chloride (Nacalai Tesque) aqueous solution was added
thereto. The mi xture was reacted at 20C for 1 hour. After reaction, 24 n
of a mxture containing 150 MM 5 Nad , £8nM EDTA and 20 nM Tri s- HC1 (pH
8.0), 0.2 mM of 20 ng/m proteinase K (Takara Shuzo), and 2 m of a 10%
sodium lauryl sulfate aqueous solution were added to the reaction

m xture. Th re was jncubated at 37C for 1 hour. After reaction, the
m xt ure iﬁ?ﬁﬁx@t WP toin10 pERpbRa R of B Ehext Ract hBAledEl onediBy

et hanol precip tatlon to prepare about 1 ng of genomic DNA. (2) d oning of
RNase HI | Ekﬂ%n1c sequence of Pyrococcus horikoshii was
publ i shed [ DNA Research 5:55-76 (1998)]. 15 The existence of a gene
encodi ng a honol ogud¥FMENS e HI | (PHL650) in the genome was known (SEQ I D
NO 1, the home page of National Institute of Technol ogy and Eval uati on:
http://ww/ nite.go. Q9. ﬂQﬁﬁﬂWimﬂ'béwweedfﬁhefﬂmtﬁﬁa gedeuEcBEQteD Ml ) 20
and the partially published genom c sequence of Pyrococcus furiosus (the
home age PeESEHt, dmsient ish Utahdetahh Behoare @it er0 be construed to
http://ww. genone. ut ah. edu/ sequence. html) was searched. As a result, a

hi ghl y hordlédohes sgoprcshpasof .

Referential Example 1: Cloning of Pyrococcus

furiosus RNase HII gene

(1) Preparation of genomic DNA from Pyrococcus

10 . furiosus
2 L of a medium containing 1% Tryptone (Difco
Laboratories), 0.5% yeast extract (Difco Laboratories), 1%
soluble starch (Nacalai Tesque), 3.5% Jamarine S Solid
(Jamarine Laboratorys,' 0.5% Jamarine S Liquid (Jamarine
15 Laboratory), 0.003%'MgSO4, 0.001% NaCl, 0.0001% FeSO, * 7H,0,
0.0001% -Coso,, 0.0001% cCaCl, = 7H,0, 0.0001% 2ZnSO,, 0.1 ppm
Cuso, * 5H,0, 0.1 ppm KAl(SO”z,-.O.l ppm H;BO,, 0.1 ppm
Na,MoO, * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-IL

nedium bottle, sterilized at 120°C for 20 minutes, and
20 bubbled with nitrogen gas to remove dissolved oxygen. Then,
Pyrococcus furiosus (prchased from Deutsche. Sammlung von
Mikroorganismen; DSM3638) was .inoculated into the medium
and cultured at 95°C for 16 hours without shaking. After
cultivation, cells were collected by centrifugation.

25 The resulting cells were then suspended in 4 ml



-found. 25 Priners 1650Nde (SEQ ID NO 2) and 1650Bam (SEQ ID 18 JUL 2005 40

hK133 were synt hesi zed on the basis of the honol ogous sequence. A RGR JyRS005
.carried out in a volunme of 100 }.11 using 200 ng of the Pyrococcus
-furiosus genomic DNA obtained in 5 Referential Exanple 1-(1) as a tenplate,
and 20 pnol of 1650Nde and 20 pnol of 1650Bam as prinmers. TaKaRa Ex Taq
(Takara Shuzo) was used as a DNA polyneﬁase for the PCR according to the
attached. protocol. The PCR was carried out as follows: 30 cycles of 94C
for 30 seconds, 55C for 10 30 seconds and 72C for 1 minute. An anplified
DNA fragment_of about 0.7 kb was digested with Ndel and BanH (both from
Takara Shio)2°Th&UFEQsRri v DRA FTFagnEat. el &-fdert ed. bemheod tzhel Midel
site and the BanHl site in_a. .plasmd vector pET3a (Novagen) to make a
pl asni d pPEgRo. Lysozpme 3 hlpst i Madake bf Thagees equrrrrarsof sENAL i dnagment
contai ning RNase HIl gene The base sequence of the DNA fragnent inserted
i nto pPFU2EF AfidgedethereRet er die ahisExemplead- t@ichad atteer' @ nimk 1
according to a dideoxy nethod. Analysis of the determ ned base sequence
reveal ed MiopedftedirrRpdtion p4suhebf ya enboding RNaseitdng The mdase
sequence of the open reading frane is shown in SEQ ID

5 NaCl, 1 mM EDTA and 20 mM Tris-HCl (pH 8.0), 0.2 ml of 20

ng/ml proteinase K (Takara Shuzo), and 2 ml of a 10% sodium
lauryl sulfate aqueous solution were added to the reaction
mixture. The mixture was incubated at 37°C for 1 hour.
After reaction; the mixture was subjected  to
10 - phenol-chloroform extraction  followed by ethanol
precipitation to prepare about 1 mg of genomic DNA. .
(2) Cloning of RNase HII gene |
The entire | genomic sequence of Pyrococcus
horikoshii was published [DNA Research, 5:55-76 (19298) 1.
15 The existence of a gene encoding a homologue of RNase HII
(PH1650) in the genome was kﬁown (SEQ ID NO:1, the home
page of National Institute of Technology and Evaluation:
http://www/nite.go.9p/) .- |
Homology between the PH1650 gene (SEQ ID NO:1)
20 and the partially published genomic seéuence of Pyrococcus

furiosus (the home page of University of Utah, Utah Genome

Center: http://wWw.genome.utah.edu/sequence.html) was
searched. As a result, a highly homologous sequence was
found.

25 Primers 1650Nde (SEQ ID NO:2) and 1650Bam (SEQ ID



-NO 4. The am no acid sequence of RNase HI I deduced from the base sequence
is shown in SEQ ID NO 5. 25 Escherichia coli JMLO9 transforned w I dHe 20058
~JUL 2005 41 plasmid pPFU220 is designated and indicated as Escherichia

coli JMLO9/ pPFU220, and deposited on Septenber 5, 2000 at International

. Patent Organi sm Depositary, National Institute of Advanced | ndustri al
Sci ence and Technol ogy, 5 Al ST Tsukuba &ntral 6, 1-1, H gashi 1- Chone,
Tsukuba-shi, |Ibaraki-ken 305-8566, Japan under accession nunber FERM P-

18020 and at International Patent Organism Depositary, National Institute
of Advanc _Iﬂdustri al Sg s nce and Technol gy under_ accessi on nunber FERM

BP- 7654 (dat'e’’of “E& S r 3 SPGR G 0OPnt BrRatidisd @dpodhnear honatlaseusy:
July 9, ZOQ%%§(§4) Preparation of purified RNase H| preparation
Escheri chi% BC44VB174( DE3) (Novagen) was transformed with pPFU220
obtained in Referential Exanple 1- 15 (2) . The resulting Escherichia coli
HVB174 (DE3) har bor ithfCHPRL 2 wakeqd nelet| bt @ Yolwne of 0} 00 Bubeds imy
containing 100 wug/m of anpicillin and cultured with shaking at 37C for
.16 hour s 20k t*F efil theathxwrpceetts £ubiestedgbypondentDNA ugjet a medet g
suspended in 66.0 n_of a sonication 20 buffer [50 MM Tris-HC1 (pH 8.0), 1
nM EBTA, FSHAresid@d nBxampésul¥ory) #aBucri Hehpiatiesomircht 20. phol of
super nat ant__obt ai ned bg centrifuging the sonicated suspension at 12000 rpm
for 10 m AGOEYdgasabat@draple@E 1650Bam as primers. TaKaRa Ex Tag
(Takara Shuzo) was used as a DNA polymerase for the PCR
according to the attached protocol. The PCR was carried
out as follows: 30 cycles of 94°C for 30 seconds, 55°C for
10 30 seconds and 72°C for 1 minute. An amplified DNA
fragment of about 0.7 kb was digested with Ndel and BamHI
(both from Takara Shuzo). The resulting DNA fragment was
inserted between the Ndel site and the BamHI site in a.
plasmid vector pET3a (Novagen) to make a plasmid pPFU220.
15 - (3) Determination of base sequence of ' DNA
fragment containing RNase HII gene
The base sequence of the DNA fragﬁent inserted
into pPFU220°' obtained in Referential Example 1-(2) was
determined according fo a dideoxy method.
20 Analysis of the determined base sequence révealed
an dpen reading frame presumably encoding RNase HII. The
base sequence of the open reading frame is shown in SEQ ID
NO: 4. The amino acid sequence of RNase HII deduced from

the base sequence is shown in SEQ ID NO:5.

25 Escherichia coli JM109 transformed with the



. supe

“for 15 minutes. It was then centrifuged at 12000 rpm for 25 10 ni u&g@#
agair to collect a supernatant. Thus, 61.5 m 1 8 JUL 2005 42 of 05
n

atant was obtai ned. The heated supernatant was subjected to RESOURSE
-Q colum (Amer sham Pharnacia Biotech) equilibrated with Buffer A[50 mM
Tris-HC1 (pH 8.0), 1 mv EDTA] and 5 chromat ographed usi ng FPLC system
(Amer sham Pharmacia Biotech). As a resﬁit, RNase HII flowed through the
RESOURSE Q columm. 60.0 nml of the flowthrough RNase H I fraction was
subj ected to RESOURSE S col um (Anmersham Pharnmacia 10 Biotech)
equilibrat«id vvi,t(Q Buf fer A ang eluted with a |inear gradient of 0 to 500 nmM
SSUG 8

NaCl using VEREERZ0 15 et i onaEedt aPdi AgdRRateHas ebsckarifhhaabout

150 mM Nadl _ was obgpined. 2.0 m. of the RNase HII fraction was

concent r at€d? 1BIRPARETEZ 91 r abfoReRsiShE eCerty | TR WP EANPe0R00 P58t p1- of

the concentrate was subjected to Superdex 200 gel filtration colum

( Amer shamIpir&rradiierailot ectateRyui | | BEgRRESDW t BP0 Siamy s- HAla t peRB10)

containing 100 M NaCl and 0.1 nM EDTA and eluted with the sane buffer. As

a resul t, PethNade T RelvasiaadedIlnduatpésit iSsH erore eepdndTeghrolagy,

nmol ecul ar wei ght of 17 kilodalton. This nol ecul ar weight corresponds to

t hat Sof RRESE Hlgukubaa Gentrat & nbndneHigwsdiellutGbrNaskstikibamshiised as

a Pfu RNase HII preparation. An RNase H activity was measured using the
Ibaraki-ken 305-8566, Japan under accession number FERM P-
18020 and at International Patent Organism Deﬁositary,
National Institute of Advanced Industrial Science and
Technology under accession number FERM BP-7654 (date of

10 transmission to international depositary authority: July 9,
2001) .

(4) Preparation of purified RNase HIT preparation
"Escherichia = coli HMS174 (DE3) (Novagen) was
transformed with pPFU220 obtained in Referential Example 1-

15 (2) .  The resulting Escherichia coli HMS174(DE3) harboring
pPFU220 was inoculated into 2 L of LB medium containiﬁg 100
pg/ml of ampicillin and cultured with shaking at 37°C for
16 hours. After cultivation, cells collected by
centrifugation were suspended in 66.0 ml of a sonication

20 buffer [50 mM Tris-HCl (pH. 8.0), 1 mM EDTA, 2 mM
phenylmethanesulfonyl fluoride] and sonicated. - A
supernatant obtained by centrifugihg the sonicated
suspension at 12000 rpm for 10 minutes was heated at 60°C

for 15 minutes. It was then centrifuged at 12000 rpm for

25 10 minutes again to collect a supernatant. Thus, 61.5 ml



-25 thus obtained Pfu RNase HI'l preparation as follows. 18 JUL 2005 43 10 mM
TrisyHCL (pH 8.0), 1 nMdithiothreitol (Nacalai Tesque), 0.003% HdviJHe 2005
.serum al bumn (fraction V, Sigma), 4%glycerol, 20 pg/m poly(dT)
-(Amer sham Pharnmacia Biotech) and 30 pg/m poly(rA) (Anmersham Pharnaci a
Bi otech) 5 were m xed together. The m xture was incubated at 37C for 10
m nutes and used as a substrate sol utiofZfor measuring an RNase H
activity. 1 pl of i . MMC z was added to 100 pl of the substrate
solution. The m xture was incubated at 40C. An 10 appropriate dilution of
the Pfu RNase HI|l preparation was added to the m xture to initiate a
reaction. 9Af taerheart%é%ﬁ%@%{"ta%@f‘@s FPtainads, 10 pl of 0.5 M EDTA was
added thereto to ternm nate the reaction. Absorbance at 260 15 nmwas then
neasured. As a resulibe thratedusuppraptenbanes subieCted HorRESQERIR | on
m xture in which the Pfu RNase HI I preparation was added was hi gher than
that for & r€Qétfsn (ApsEshan Phdirdcid Plotlech)s5 srEDTAbuasedddeitibef or e
the addition of the Pfu RNase HI | preparation. Thus, it was 20
denonst r atted farat A hel 3 epdf atTohs L an(BNask. H actd vindy . EFB] Memsdir enent
of activity of purified RNase H (a) Preparation of reagent solutions used
Reactd on r%%tograé:qqram&arrﬂﬁmg atPLOi t pysTtee f(Gieowsilragn s Bisdameesa at t he
i ndi cated final concentrations

Biotech). As a result, RNase HII flowed through the

RESOURSE Q column.
60.0 ml of the flow-through RNase HII fraction
was subjected to RESOURSE S column (Amersham Pharmacia
10 Biotech) equilibrated with Buffer A and eluted with a
linear gradient of 0 to 500 mM NaCl'using FPLC system. A
fraction dontaining RNase HII eluted with about 150 M NaCl -
was obtained.
2.0 ml of the RNase HII fraction was concentrated
15 by ultrafiltration using Centricon-10 (Amicon). 250 ul.of
the concentrate ' was subjected to Sﬁperdex 200 gel
filtration column (Amersham Pharmacia'Biotech) equilibrated
with 50 mM Tris-HCl (pH 8.0) containing 100 mM NaCl and 0.1
mM EDTA and eluted with the same buffer. As a result,
20 RNase HII was eluted at a position corresponding to é
molecular weight of 17 kilodalton. Thislmolecular weight
corresponds to that of RNase HII in a form of a monomer. |
The eluted RNase HII was used as a Pfu RNasé,HII
 preparation. An RNase H activity was measured using the

25 thus obtained Pfu RNase HII preparation as follows.



.25 were contained in sterile water: 40 mM Tris-HCL (pH 7.7 at 18 JHyl8 3003005
44 3yC, 4 nM nmagnesium chloride, 1 nM DTT, 0.003% BSA, 4% gl ycerol and 24
.pM pol y(dT). Poly [8-3H adenylic acid solution: 370 kBg of a .

-pol y[ 8-3H] adenylic acid solution was dissolved in 200 ul of 5 sterile

wat er. Pol yadenylic acid solution: Polyadenylic acid was diluted to a
concentration of 3 MMwith sterile ultrdBure water. Enzyne dilution
solution: The following 10 substances at the indicated final
concentrations were contained in sterile water: 25 mM Tris-HCL (pH 7.5 at
37C), 5 nmM 2-nercaptoethanol, 0.5 mM EDTA (pH 7.5 at 37C), 30,mM sodi um
chloride and 50% gl yider a4 PrépgaHeatli ofpBf $hedlt , denatdr edithbibthirgitis 1DNA

15 200 ng of calf thynmus DNA was suspended and allowed to swell in 100 mi
of TE buf f @faca¥mi sidsdienh, was00BRubetine semonceldumin onfokction/ w, with
sterile ultrapure water based on the absorbance neasured at W260 nm The

diluted sulgnd)on 4&sghpatedlat 20006 Axlr ddl yidwit esAmedshaenpPha@maapid! vy
cooled in an ice bath. (b) Method for measuring activity 7 pl of the poly|

8-3H aderBidtedr)i chredbl30 i 1905V ntiaspo BECER) t ABS8Ps HAMmOPh i BRaE€aC B8R BhXt Ur €
for. determning activity prepared in (a) above. The m xture was incubated
25 at5 37Cvenre Hivadiefatifep) ofhPohyreleny|vgsachdub@bed at 37°C for
10 minutes and used as a substrate solution for measuring
an RNase H activity.
'L ul of 1 .M MnCl, was added to 100 ul of the
substrate solution. The mixture was incubated at 40°C. An

‘10 appropriate dilution of the Pfu RNase HII preparation was

| added to the mixture to initiate a reaction. After
reacﬁing at 40°C for 30 minutes, 10 pl of 0.5 M EDTA was
~added thereto to terminate the reaction. Absorbance at 260
nm was then measured.

15 Aé a result, the wvalue of absorbande.at 260 nm
for a reaction mixture in which the. Pfu RNase HII
preparation was added was higher than that for a reaction
mixture in which 10'ul of 0.5 M EDTA was added before the
addition of the Pfu RNase HII preparation. Thus, it was

ZQ demonstrated that the preparation had an RNase H activity.

(5) Measurement of activity of purified RNase H

(a) Preparation of reagent solutions used

Reaction mixture for determining activity: The
following substances ét the indicated final concentrations

25 were contained in sterile water: 40 mM Tris-HC1 (pH 7.7 at



.1 8 JUL 2005 45 added to the mixture to nake the final: concentratiggbta 24
-Mw‘?he m xture was further incubated at 37C for 5 m nutes. Thus, d bﬂM5
.of a’poly[8-3H rA-poly-dT reaction mxture was prepared. 200 }zl of the
-reaction mxture was 5 then incubated at 30C for 5 mnutes. 1 ul of an
appropriate serial dilution of an enzyne solution was added thereto. 50 pl
each  of sanples was taken fromthe reactfon nixture over time for use in
subsequent neasurenent. The period of tinme in mnutes fromthe addition of
the enzyne 10 to the sanpling is defined as Y. 50 41 of a reaction mxture
for total CPMor for blank was prepared by adding 1 pl of the enzyne
di | ution sof dthiondi AMpImaeetiyun @giyﬁﬁdesoﬂuﬂﬂanTIDOOpQOQ%:ﬂﬁhﬁmﬂ%odium
pyrophosphate, 50 pl of the heat-denatured calf thynmus DNA solution and
300 pl of dsycermd tandhdbridhcee} v (dBi d (300 pl of ultrapure water for
measuring total CPM  were added to the sanple. The m xture was incubated
at OC for 5 ninutes,Pahvl§Hél ademyliiftugadidt sol@QC®m:pnBTOr KBy nofut &s.
After centrifugation, 250 pl of the resulting supernatant was placed in a
vial. 10 Rolaf[90HAedesylliz ENEN lsdletSorence Rtiotechedd vias 20i0led] t Ser et o
CPM was neasured in a liquid scintillation counter. .(c) Calcul ation of
uni t $° Uni tstietilee fwatexach enzyne was cal cul ated according to the follow ng
equation. 25 Unit/m = {(neasured CPM - blank CPM x 1.2* x 20 x 1000 x

. Polyadenylic acid solution: Polyadenylic acid was

diluted to a concentration of 3 mM with sterile ultrapure
water.
Enzyme  dilution solution: The following
10 substances at the indicated £final concentrations were
contained in sterile water: 25 mM Tris-HC1 (pH 7.5 at 37°Cy,
5 mM 2—mercaptoethanol,'0.5 mM EDTA (pH 7.5 at 37°C), 30.mM
sodium chloride and 50% glycerol. |
Preparation of heat~denatured calf thymus DNA:
15 200 mg of calf thymus DNA was suspended and allowed to
swell inlloo ml of TE buffer. The solution was diluted to
a concentration of 1 mg/ml with sterile ultrapure water
based on the absorbance measured at UV 260 nm. The diluted
solution was heated at 100°C for 10 minutes and then
201 rapidly cooled in an ice bath.
(b) Method for measuring activity
7 ul of the poly[8-’Hladenylic acid solution was
added to 985 pl of the reaction mixture for determining
activity prepared in (a) above. Thelmixture was incubated

25 at '37°C for 10 minutes. 8 nl of polyadenylic acid was



.18 JUL 2005 46 5 10 dilution rate} 200 (p 1) / (total CPMx Y (mn.) x 50
(plyx 9**) 1.2*: Amount in nnol of poly[8-3HrA-poly-dT pontalneH8|ﬂﬂ.2w5
.total CPMper 50 pl. 9**: Correction coefficient. Referential Exanple 2:
-G oning of RNase HI'l gene from Archaeogl obus ful gi dus. Al) Preparation of
genom ¢ DNA from Archaeogl obus ful gidus Cells of Archaeogl obus ful gidus
(purchased from Deutsche Samm ung von KPkroor gani snen and Zel l kul turen
GrbH, DSM4139). collected from8 m of a culture was suspended in 100 u
of 25% sucrose, 50 mM Tris-HCL (pH 8.0). 20 pl of 0.5 MEDTA and 10 pl of
a 10 ng/m_|ysozyme 15 chloride. (Nacal ai Tesque) aqueous so'l ution was
added thé&¥iss Trhethe xpixbunastreaeiked thte £0G)F ororcdoratiokiter 24
reaction, 800 pit of a mxture containing 150 nM NaCl', 1 mM EDTA and 20 n
Tris-HC1 (H 8. Dhe, mixturef w2t mflurthepr oleinhseel (Fak& 7L cShiipe) and 50
ul of a 10% sodi um 20 | auryl sul fate aqueous sol ution were added to the
reacti on MHOESe. Theusi xL008 wds @ﬁc&bpbég[atmemﬁpmlﬁrmmureacﬁibﬂr
reaction, the mxture was subjected to phenol- chloroformextraction,
et hanol prdegitpinteatvan mnepareddryiddf) phndft hie diessalived niktible pkasf TE
to obtain a genom c DNA
5 then incubated at 30°C for 5 minutes. 1 pl of an
appropriate serial diiution of an enzyme solution was added
thereto. 50 pl each of samples was taken from the reaction
mixture over time for use in subsequent measurement. The
period of time in minutes from the addition of the enzyme
10 to the sampling is defined as Y. 50 pl of a r_eaction
mixture for total CPM or for blank was prepared by adding 1
pl of the enzyme dilution solution in place - of an enzyme
solution. 100 pl of 100 mM sodium pyrophosphate, 50 nl of
the heat-denatured calf thymus DNA solution and 300 ul of
15 -10% trichloroacetic acid (300 pl of ultrapure water for
measuring total CPM) were added to the sample. The mixture
was incubated at O°C for 5 minutes, and then centrifuged at
10000 rpm for 10 minutes. After-centrifugatidn, 250 pl of
- the resulting supernatant was placed in a wvial. 10 ml of
20 Aquasol-2 (NEN Life Science Products) was added thereto.
CPM was measured in a ligquid scintillation counter.
. {c) Calculation of units
Unit value for each enzyme was calculated

according to the following equation.

25 Unit/ml = {(measured CPM - blank CPM) x 1.2* x 20 x 1000 x



25 solution. 18 JUL 2005 47 (2) d oning of RNase HI | gene The enti
genoV1c sequence of the Archaeogl obus ful gidus has been publlsheJ prbdﬂm
. et al., Nature, 390:364-370 (1997)]. The exi stence of one gene
encodi ng a 5 honol ogue of RNase HI I .(AF0621) was known (SEQ I D NO 13,
http://ww. tigr.org/tdb/ CVR/ bt ht m s/ Spl ashpage. htl m. Primers Af uNde (SEQ
| D NO 14) and AfuBam (SEQ ID NO 1.5) wéfe synthesized on the basis of the
sequence of the AF0621 gene (SEQ ID NO 13) 10 A PCR was. carried out using
30 ng of the Archaeogl obus ful gi dus genom c DNA prepared in Referenti al
Exanple 2-(1) as a tenplate, and 20 pnol of AfuNde and 20 pnol of AfuBam
as pri mer St Qo Hae lof2 0G0l k), /Pyﬁ’@fb‘é%l CEMIAX pB| (R aseX (F8k4na) SKuzo)
was used as a DNA pol ynerase 15 for the PCR according to the attached
protocol . o'e PCR was carried 'out as follows: 40 cycles of 94C for 30
seconds, 55C for 30 seconds and 72C for 1 mnute.- An anplified DNA
fragment of about 0.16 Xt wanalinfest &éd whnhl Noél pod yBErtE] thephlfyrdh
Takara Shuzo). The resulting DNA 20 fragnment was inserted between the Ndel
site and tdeBaimdd igi ttetial £BM auen dG¥act or pTVI1IONd (a plasmid in which
the Ncol site in pTV1I19N is converted into a Ndel site) to make a plasmd
PAFUZ04. (3) Deter nidfatii dvomfedizissn seoplficel arft DNA
Referential Example 2: Cloning of RNase HII gene
from Archaeoglobus fulgidus
(1) Preparation of genomic DNA from Archaeoglobus
fulgidus
10 Cells of Archaeoglobus fulgidus (purchased from
Deutsche Sammlung von Mikroorganismén und Zellkulturen
GmbH; DSM4139) . collected from 8 ml of a culture was
suspended in 100 pl of 25% sucrose, 50 mM Tris-HC1 (pH 8.0).
20 pl of 0.5 M EDTA and 10 pl of a 10 mg/ml lysozyme
15 chloride . (Naqalai Tesque) aqueous solution wés added
thereto. The mixture was reacted at 20°C for 1 hour.
After reaction, 800 pl of a mixture containing 150 mM NacCl,
1 mM EDTA and 20 mM Tris-HCl (pH 8.0), 10 pl of 20 mg/ml
proteinase K (Takara Shuzo) and 50 ul of a 10% sodium
20 lauryl sulfate aqueous solution were added to the reaction
mixture. The mixture was incubated at 37°C for 1 hour.
After reaction, the mixture was subjected to phenol-
chloroform extraction, ethanol precipitation and air-drying,

and then dissolved in ‘50 pl of TE to obtain a genomic DNA

25 solution.



25 fragnent containing RNase HI Il gene 1 8 JUL 2005 48 The base sequence of
t he - fragnment inserted into pAFU204 obtained in Referential MBéwrple005
.2-(2) was determ ned according to a dideoxy nmethod. Analysis of the
-determ ned base sequence revealed 5 an open reading frame presunably
encodi ng RNase HIl. The base sequence of the open reading frame i s shown
in SEQID NO 16. The anino acid sequenéé of RNase HI | deduced from the
base sequence is shown in SEQ ID NGO 17. Escherichia coli JMLO9 transforned
with the 10 plasm d pAFU204 is designated and indicated as. Escherichia
coli JMLO9/ pAFU204, and deposited on February 22, 2001 at International
Pat ent Or gani sm Depo&)t &hpnigg iohdNagedill lgeneof Advanced | ndustri al
Sci ence and Technolggéi Al ST Tsukuba Central 6, 1-1, Hi gashi 1-Chone,
Tsukuba-shi, 15 | barlald -«kehl 395986661 CJspamenade o fadites s o aeodpiobiERM P-
18221 and at International Patent O ganism Depositary, National Institute
of Advanc&d@ligiglist rhas Beeanqeuahishd@dcHideody uthder etcedsiorNatuwbey FERM
BP- 7691 (date of transmission to international depositary authority:
August 26923830870 (4)I%f)epar atheneslispencei ed BNaeseeHd qrapdiad i an
Escherichia coli JMLO9 was transfornmed with pAFU204 obtained in Referenti al
Examdl e 2hpaplotve ¢£sBNaseg HESChERFQHRA) colais JMvidith hasbQr iThy YAFLR04 was
25 inoculated into 2 L of LB nedium containing 100 ug/m of
http://www.tigr.org/tdb/CMR/btm/htmls/SplashPage.htlm).

Primers AfuNde (SEQ ID NO:14) and AfuBam (SEQ ID
NO:15) were synthesized on the basis of the sequence of the
AF0621 gene-(SEQ ID NO:13).

10 A PCR was. cérried out using 30 ng of the
Archaeoglobus fulgidus genomic DNA prepared in Referential
Example 2-(1) as a template, and 20 pmol of AfuNde and 20.
pmol of AfuBam aé primers in a volume of 100 ul. Pyrobest
DNA polymerase (Takara Shuzo) was used as a bNA polymerase

15 for the PCR according to the attached.protocol. The PCR
was carried out as follows: 40 cycles of 94°C for 30
seconds, 55°C for 30 seconds and 72°C for 1 minute; An
amplified DNA fragment of about 0.6 kb was digested with
NdeI and BamHI (both from Takara Shuzo). The resulting DNA

20 fragment was insertedlbetwéén the NdeI site and the BamHI
site in a plasmid vector pTV119Nd (a plasmid in which the
Nch site in pTV119N is converted into a NdeI site) to make
a plasmid pAFU204.

(3) Determination of base sequence of DNA

25 fragment containing RNase HII gene



.1 8 JUL 2005 49 anpicillin and cultured with shaking at 37C for 16 hours

Af t cultivation, cells collected by centrifugation were suspend%&~ﬂ%'mms
.37.1’m of a sonication buffer [50 MM Tris-HCL (pH 8.0), 1 mM EDTA, .2 nM
- phenyl met hanesul fonyl fluoride] 5 and sonicated. A supernatant. obtained by
centrifuging the sonicated suspension at 12000 rpmfor 10 m nutes was
heated at 70C for 15 minutes. It was tHA&n centrifuged at 12000 rpmfor 10
m nutes again to collect a supernatant. Thus, 40.3 m of a heated
supernat ant was obtai ned. 10 The heated supernatant was subjected to
RESOURSE Q col um (Anmer sham Pharnmaci a Bi otech) equilibrated with Buffer.
A [50 nM Tris-HCL (piBe8. basel seuEDRA afid thehr DNAt dipraaymieect ushagrERHC
system (Aner sham Pharmacia Biotech). As a result, RNase H|I flowed through
the 15 RESOQURSPAEUEEHunpbtIheefll oimt ReimterRNEsEe MExanfolact Len2waswas
subjected to RESOURSE S col um ( Anersham Pharnmacia Bi otech) equilibrated
wi th Buf f ¢ketaravichech romatagmap ied aisiindp &8 Gue slysd em ( Amer sham Phar maci a
Biotech). As a result, RNase 20 HI flowed through the RESOURSE S col um.
40.0 nl of the flowfnalysgls RNasthdHdetfamacined baws sodpjestedreoehhege
rounds of dialysis against 2 L of Buffer B (50 MM Tris-HCL (pH 7.0), 1 mM
EDTAP contai migan SOeaddhdlablraher ot dvamabl leRcoiing RNasdi alyzed epaynme 25

sol ution was subjected to Hi Trap-heparin colum (Amersham 1l 8 JUL 2005
base sequence of the open reading frame is shown in SEQ ID
NO:16. The amino acid sequence of RNase HII deduced from
the base sequence is shown in SEQ ID NO:17.

Escherichia coli JM109 transformed with the
10 plasmid pAFU204 is designated and indicated.as Escherichia
coli JM109/pAFU204, and deposited on February 22, 2001 at
International Patent Organism Depositary,  National
Institute of Advanced Industrial Science and Technology,
AIST Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
15 Ibaraki-ken 305-8566, Japan under accession number FERM P-
18221 and at International Patent Organism Depositary,
National Institute of Advanced Industfial Sciénce and
Technology under accession number FERM BP-7691 (date of
trapsmission to international depositary authority: August

20 2, 2001}).
(4) Preparation of purified RNase HII preparation
.Escherichia coli JM109 was transformed with
PAFU204 obtained in Referential Example 2-(2). The
resulting Escherichia coli JM109 harboring pAFU204 was

25 inoculated into 2 L of LB medium containing 100 ug/ml of



.50 5 Pharmacia Biotech) equilibrated with Buffer B containing 501dth 5
and-eluted with a linear gradient of 50 to 550 MM NaC wusing FPLC system
.As a’result, a fraction containing RNase HI eluted with about 240 mM NaC
was obtained. 7.8 m of the RNase HI| fraction was concentrated by
ultrafiltration using Centricon-10 (Am con). Four portions separated from
about 600 pl of the concentrate were s#®jected to Superose 6 gel
filtration colum (Anersham Pharmaci a Bi otech) equilibrated with 50 niv
Tris 10 HC1 (pH 7.0) containing 100 nM NaCl and 0.1 nM EDTA and 15 el uted
with the samg. buffer. As a result, RNase HIl was eluted at a position
cor r espondfRg Gid ld moinst ek tuned ghi tof shabingkekoddl Ct dor T shamwtecul ar
wei ght corresponds to that of RNase Hil'in a formof a nononmer. The RNase
Hi | el ut edfierdedek t beat bbovecadd suswd Lexsteah BY ucRNAsé fHbtpoeparerté on. An
enzymatic activity was neasured as described in Referential Exanple 1-(5)
usi ng t he stispeneiecaiimed 7Aflu mlRNSS & Hidn ipragpiamatiwite rAs] 50 mes Ut i s-aic RNase H
activity 20 was observed for the Afu RNase HI I preparation. Unit value of a
heat - r esi dP&nt8 .ANasel HoMn BOTR, 2| hMwphgnflanthes cwad foalydul fihest bde ]
follows. 1 ng of poly(rA) or poly(dT) (both from Amersham Pharmaci a
Bi ot &ch) wasl dicssicdatedi.i n A stipetndfandl Sbikaihed b25 depiird.fi)gicanthding 1
mM EDTA to prepare a pol y(rA)

sonicated suspension at 12000 rpm for 10 minutes was heated

at 70°C for 15 minutes. It was then centrifuged at 12000
repm for 10 minutes again to collect a supernatant. Thus,
40.3 ml of a heated supernatant was obtained.

10 The heated supernatant was subjected'to RESOURSE
Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer A [50 mM Tris-HCl (pH 8.0), 1 mM EDTA] and
chromatographed using FPLC system (Amersham . Pharmacia
Biotech). As a result, RNase HII flowed through the

15 RESOURSE Q column.

The flow-through RNase HII fraction was subjected
to RESOURSE S. column (Amersham Pharmacia Biotech)
equilibrated with Buffer A and chromatographed using FPLC
system (Amersham Pharmacia Biotech). As a result, RNase

20 HIT flowed through the RESOURSE S column.

.40.0 ml of the flow-through RNase HII fraction
was subjected to three rounds of dialysis against 2 L of
Buffer B (50 mM Tris-HCl (pH 7.0), 1 mM EDTA) containing 50
mM NaCl for 2 ‘hours. 40.2 ml of the dialyzed enzyme

25 solution was subjected to HiTrap-heparin column (Amersham



.1 8 JUL 2005 51 solution and a pol y(dT) solutién. The poly(rA) sol uti ﬂgfmt)o
a fi-pal concentration of 20 ug/m) and the poly(dT) solution (to1§ 44
.concentration of 30 ug/m) were then added to 40 MM Tris 5 HCL (pH 7.7)
-containing 4 MM MgC12, 1 nM DTT, 0.003% BSA and 4% gl ycerol. The m xture
was reacted at 37C for 10 mnutes and then cooled to 4C to prepare a
pol y(rA).- poly(dT) solution. 1 }.i1l of 58n appropriately diluted enzyne
sol ution was added to ‘100 ul of the poly(rA)-poly(dT) 10 solution. The
m xture was reacted at 40C for 10 minutes. 10}11 of 0.5 M EDTA. was added
thereto to termnate the reaction. Absorbance at 260 nm was then neasured.
As a contthairmaria iBicgfeqh)s adEDTbnetedddith tBuf fier rRacthDainingt 66e, t he
resulting m xture was reacted at 40C for 10 15 m nutes, and the absorbance
was then #faNrEd. andvaluged( dilthersencinear apsadbantep fwa® dlet &b $@dmiay
subtracting the absorbance for the control fromthe absorbance for the
reacti on NaGlhaisdlree R Gfs yEXR. THS, a theswbine ent £1d ¢ olon ofontisl eohide
rel eased from poly(rA)-poly(dT) hybrid by the 20 enzymatic reacti on was
det er m ne&Nesset B hadivteaf witdh abduteraht en Nahs ordansstaGned unit of an
RNase H was defined as an anmount of enzyme that increases A260
corr@spondi ng to relledsalofofl tiro|RNEse iHDNUEt 0t iste Wk l@onddntt£8eaWhi ch
was cal cul ated according to the following 25 equation: 1 8 JUL 2005
by ultrafiltration wusing Centricon-10 (Amicon) . Four
portions separated from about 600 Ml of the concentrate
were subjected to Superose 6 gel filtration column
(Amersham Pharmacia Biotech) equilibrated with 50 mM Tris-

10 HClL (pH 7.0) containing 100 mM NaCl and 0.1 mM EDTA and
eluted with the same buffer. As a result, RNase HII was:
eluted at a position corresponding to a molecular weight of -
30.0 kilodalton. This molecular weight corresponds to that
of RNase HII in a form of a monomer.

15 ' The RNase HII eluted as described above was used

as an Afu RNase HII preparation.

An enzymatic activity was measured as described
in Referential Example 1-(5) using the thus obtained Afu
RNase HII preparation. As a result, an RNase H activity

20 was observed for the Afu RNase HII preparation.

Unit value of a heat-resistant RNase H in the
following Examples was calculated as follows.

1 mg of poly(rA) or poly(dT) (both from Amersham
Pharmacia Biotech) was dissolved in 1 ml of.40 mM Tris—HCl

25  (pH 7.7) containing 1 mM EDTA to prepare a poly(rA)



.52 5 Unit = [Difference in Absorbance x Reaction Vol ume (m)] / 0.0152.x
(110{/100) x Dilution Rate Exanple 1: Detection of base substitution § UL 2005
. human c-Ki-ras gene (1) Preparation of tenplate DNA fragnents each having a
-sequence GGT (dy), CGI (Arg) , TGI (Cys) or AGI (Ser) for codon 12 in
human c- Ki-ras exon 1 were prepared. Briefly, anplification products

obt ai ned by PCRs using tenplate DNAs cobtesponding 10 to the
above-nmentioned codons in ras Mitant Set c-Ki-ras codon 12 (Takara Shuzo)
and ras Gene Priner Set c-Ki-ras/12 (Takara Shuzo) were cloned into a
vector pT7-Blue (Novagen). PCRs using the thus obtained reconbi nant

pl asmi ds &9 1lutdmsl anss aamd MBI Dr ismenstivh and RV (both from Takara 15
Shuzo) were carried out. The resulting anplified fragnents were recovered

and designated as t s apeby (2% $2RutiZE @nsl 42$inkdspesideetyat{@h
Det ecti on of base substitution Three chineric oligonucl eotides having base

20 sequencds @0 SEQ/In)NO&nA t e apdloy wer)d Musleotddes(for aspechéical ly
detecting the tenplate 12G were synthesized on the basis of the base

sequence cbrinemdrad-iKin raf 2Xongiml) The rkydiioxy| agneaptat aiohens-pesition of
ri bose noiety of the nucleotide at the 3' end of each chineric 25
ol i génucl @&atli depHvas . Mbdidongrd iwiitlyy aari amhesgdl.,, Eachnof pthe b .§okd 2OHAS
and 4% glycerol. The mixture was reacted at 37°C for 10
minutes and then cooled to 4°C to prepare a poly(rA)-
poly(dT) solution. 1 ﬁl of an appropriately diluted enzyme
solution was added to 100 ul of. the poly(rA)-poly (dT)
10 solution. The mixture was reacted at 40°C for 10 minutes.
10 ul of 0.5 M EDTA was added thereto to terminate the
reaction. _Absorbance at 260 nm was then measured. As a
control, 10 ul of 0.5 M EDTA was added to the reaction
nixture, the resulting mixture was reacted at 40°C for 10
15 minutes, and the absorbance was then measured. A value
(difference in-absorbance) was obtained by subtracting the
absorbance for the control from the absorbance for the
reaction in the absence of EDTA. .Thus, the céncentration
of nucleotide released from poly(rA)—éoly(dT) hybrid by the
20 enzymatic reaction was determined on the basis of the
difference in absorbance. One unit of an RNase H was
defined as an amount of enzyme that increases Byeo
.corresponding to release of 1 nmol of ribonucleotide in 10

minutes, which was calculated according to the following

25 equation:



-53 Nucleotldes had a sequence conplenentary to the base sequence’ gf g@
c- Kljras exon 1 in which codon 12 encoded dvy. An oligonucleotid & f&@o%
. base’sequence of SEQID NO 6 was synthesized as an anti sense priner for
-nucleic 5 acid anplification. A reaction mxture of a total volune of 5
}il  containing 50 pnol each of the forward Nucl eotide and the antisense
primer, 1 ul of a 0.25% propyl enedi am n&2aqueous solution and 1 pg of one
of the tenplates 12G 12C, 12R and 10 12S as a tenplate was prepared. The
forward Nucl eotide and the antisense priner were annealed to the tenplate
by heating at 98C for 2 mnutes and then at 53C in Thermal Cycler
Personal . (Takara SHirdd). 20 [Diftferemiet uire Kosdebhanidyg Ok 625 adt NP m X,
40 mM Hepes-KOH buffer, (pH 15 7.8), 125 nM potassi um acetate, 5 nM

magnesi umvadetrat e(ml)0. 012595 Hhyixne( Sy @ hunminutli #b%Lidret hyl sul f oxi de,
16 U of Pfu RNase HII as described in Referential Exanple 1, 5.5 U of

BcaBest DNA pol yrer @&arfdlakara Sheze)taoe Sberlbgsemﬂéﬁﬁswﬁﬁuﬁﬂgﬁd i® the
heated m xture to make the final 20 volune to 25 ul. The reaction m xture

was i ncubatedmtc-Ki3Gdorgendour. After reaction, 5 ul each of the reaction
m xtures was subjected to el ectrophoresis on 3.0% agarose gel. The results

are ghown in Figure m_'ﬁy@ggggﬂldﬁ1Ofn@gﬁyfgtén which the tenplates 12G
12C, 12R and 12S were 25 used were applied to lanes 1 to 4 in the agarose
gels as 18 JUL 2005 fragments each having a sequence GGT (Gly),
CGT (Arg), TGT (Cys) or AGT (Ser) for codon 12 in human c-
Ki-ras exon 1 were prepared. Briefly, amplification
products obtained by PCRs using template DNAs corresponding
10 to.the above-mentioned codons in ras Mutant Set c-Ki-ras
codon 12 (Takara Shuzo) and ras Gene Pfimer Set c-Ki-ras/12
(Takara Shuzo) were cloned into a vector pT7;Blue (Novagen) .
PCRs wusing the thus obtained recombinént plasmids as
templates and M13 primers M4 and RV (both from Takara
15. Shuzo) were carried out. The resulting amplified fragments
were recovered and designated as templateé 12G, 12R,.12C
and lZS,Irespectively.
(2) Detection of base substitution
Three chimeric oligonucleotides having Dbase
20 sequences of SEQ ID NOS:7 to 9 as forward Nucleotides for
specifically detecting the template 12G were synthesized on
the basis of the base sequence of human c-Ki-ras exon 1.
The hydroxyl group at the 3-position of ribose moiety of
the nucleotide at the 3! end of each chimeric

25 oligonucleotide was modified with aminohexyl. Each of the



.5 shown in Figures 1-1, 1-2 and 1-3, respectively. Figures 1-1, é-z and:
1-3 show results for the reactions in which the Nucleotides of S CﬁIJIDL 2005
.NCS: 7, 8 and 9 were used, respectively. As shown in Figure 1, using the
‘Nucl eotides of SEQ ID NOS:7-9, anplification products were observed only
when the tenplate 12G was used, that is, when the target nucleic acid
encoded Gy for codon 12. These resul ts38how that a base substitution in a
target nucleic acid can be 10 distingui shed by using the Nucl eotide of the.
present invention. Furthernore, it was confirnmed that specific
anplification could be inproved by using a Nucleotide. containing inosine.
Exanpl e Neclpsttdsigson hefd oteherseduasias formpldéfhentidry astcodone 12b8ased on
the results of Exanple 1, chimeric oligonucleotides having base sequences
of SEQ | DM@ el a o f Itimeer ec-Kinttheesiezesh as MNuckledth desdecapab| enobded
specifically distinguishing the bases of codon 12 in 12R, 12C and 12S 20
prepar ed iGlyExanph eoli@bhiicBEQtiBeNGEViGg 14 hadel3eghewcebas®e SEQUEDCES
corresponding to alleles in which codon 12 encodes Cys, Arg and Ser,

respecti véloy.6 Thes hydmbhdsigrealipasatart hen3ipesisel ofir Dier i Foge Aotgeycof the
nucl eotide at the 3' end of each Nucl eotide was nodified w th am nohexyl .
gg Réact i ars dverp lddfirdagd caut usi ng t hese Nucl eotides and the 1 8 JUL 2005
A reaction mixture of a total volume of 5 nl
containing 50 pmol each of the forward Nucleotide andlthe
antisense primer, 1 pl of a 0.25% propyl.enediamine _aqﬁeous
solution and 1 pg of one of the templates 12G, 12C, 12R and
10 125 as a template was prepared. The forward Nucleotide and
the antisense primer were annealed to the template by
‘heating at 98°C for 2 minutes and then .at 53°C .in Thermal
Cycler Personal. (Takara Shuzlo). 20 pl of a mixture -
containing 0.625 mM dNTP mix, 40 mM Hepes—-KOH buffer ' (pH
15 7.8), 125 mM potassium acetate, 5 mM magnesium écetate,
0.0125% bovine serum albumin, 1.25% dimethyl sulfoxide, 16
U of Pfu RNase HII as described in Referentiai Example 1,
5.5 U of BcaBest DNA polymerase (Takara Shuzo) and sterile
water was added to the heated mixture to make the final
20 volume to 25 pl. The reaction mixture was incubated at
53°C for 1 hour. After reéction, 5 1l each of the reaction
mixtures was subjected to electrophoresis on 3.0% agarose
gel. The results are shown in Figure 1. The reaction

mixtures in which the templates 12G, 12C, 12R and 12S were

25 used were applied to lanes 1 to 4 in the agarose gels as



antisense priner of SEQ ID NO 6 under reaction conditions as des?@i d &n
-Exanzle 1-(2). After reaction, 5 ul each of the reaction m xtures 2005
- subjected to el ectrophoresis on 3.0% agarose gel. The results are shown in
~Figure 2. 5 The reaction m xtures in which the tenplates 12G 12C, 12R and
12S were used were applied to lanes 1 to 4 in the agarose gels as shown in

Figures 2-1, 2-2 and 2-3, respectivel y94Figures 2-1, 2-2 and 2-3 show
results for the reactions in which the Nucleotides of SEQ I D NCS: 10, .11
10 and 12 were used, respectively. As shown in Figure 2, specific
anplification products were.observed only when the Nucl eotides of SEQ ID
NOS: 10, 1FRR 13 weigusged Lid comi nend oh—d t resbecttieplyat esFI@C e 2R and
12S, respectively. Thus, the 15 Nucl eotides of the present invention could
exactly didvi ngid sBREhd Fasekowf reatdtestforFuthderasrtiont vas wicooti r med
that specific anplification could be inproved by using an oligonucl eotide
cont ai ni ndhieno¥gd eckbigesl eof: BEQel D speas £1,c BNAaadpl Bf i waté onusdd, 20
genom ¢ DNA Reactions were carried out under conditions as described in
(2) abovereppedidwedatti on, 150 ng or 30 ng of a human genom c DNA

(A ontech) for which it had been confirned that codon 12 in c-Ki-ras exon
1 endodes Gy 25 (GBB,shdenNicl ettduies df SEQHND NOS: Fucl@otilieandod2 18

JUL 2005 56 (corresponding to Ay, Cys, Arg and Ser at codon 12,
SEQ ID NOS:7-9, amplification products were observed only
when the template 12G was used, that is, when the target
nuéleic acid encoded Gly for éodon 12. These results show
that a base substitution in a target nucleic acid can be
10 distinguished by using the Nucleotide_.of the present
invention. Furthermore, it was confirmed that spécific
amplification could be improved ‘by using a Nucleotide
containing inosine.
Examble 2: Detection of other alleles . for c-Ki-
15 ras codon 12
Based oﬁ the results of Example 1, chimeric
oligonucleotides having base sequences of SEQ ID NOS:10 to
12 were synthesized as Nucleotides capable of specifically
distinguishing the bases of codon 12 in 12R, 12C and 12§
20 prepared in Example 1-(1). SEQ ID NOS:10, 11 and 12 show
base sequences cbrresponding to alleles in which codon 12
encodes Cys, Arg and Ser, respectively. The hydroxyl group
at the 3-position of ribose moiety of the nucleotide at the
3'" end of each Nucleotide was modified with aminohexyl.

25 Reactions were carried out using these Nucleotides and the



- respectively) which had been denonstrated to be able to specific?lly
detect the four alleles for codon 12 in Exanple 1 and 2, as well ngphng
.antisense prinmer of SEQID 5 NO 6 were used. After reaction, 5 ul each of
~the reaction mxtures was subjected to el ectrophoresis on 3.0% agar ose
gel. The results are shown in Figure 3. The reaction m xtures in which the
Nucl eotide of SEQ ID NOS:7, 10, 11 andS$%2 were used were applied to | anes
10 1 to 4 in the agarose gels as shown in Figures 3-1 and 3-2,

respectively. Figures 3-1 and 3-2 show results for the. reactions in which
150 ng and 30 ng of the human genonmic DNA were used, respectively. shown
in Fi gureaBtigepise ivnineon of @ﬂDWIQSN®régnedEnmrBaﬂtmﬂnmmbmmiylMMQn t he
Nucl eotide of SEQ ~ID NO047 was used regardl ess of the amount of the human
genomi ¢ BRAdegterided abpl Exapalieod df2)a DNAftengreattwas, ndt plbobsetied
usi ng ot her Nucl eotides. These results confirmed that the nmethod for

det ecti ngod Bdwe sedstiont mdxtofrdshew pubgentetinurnté Dicersibiobes used to
detect a specific allele in a genom c DNA. Exanple 4: Detection using
various RNase3.H% aserofevaeilaus RhaseeHudtisn d4ihe sedwst an mfquare base
substitution as described in Exanple 1 was exam ned. 25 SpeC|f|caIIy, Af u
RNasé HI | The desctiied nixthrad)liR00BiBK Baberenijial Exane e 122@r Mr RNase
H I, an RNase H derived from Methanococcus jannashi, prepared. as
descrlbedand 125 were used were applied to lanes 1 to 4 in the

agarose gels as shown in Figures 2-1, 2-2 and 2-3,
'respectively. Figures 2-1, 2-2 and 2-3 show results for
the reactions in which the Nucleotides of SEQ ID NOS:10,.11

10 and 12 were used, respectively. |
As shown in Figure 2, specific amplification
products were observed only when the Nucleotldes of SEQ .ID

NOS: 10 11 and 12 were used in combination with the

.templates 12C, 12R and 12S, respectively. Thus, the
15 Nucleotides of the present invention could exactly
distinguish the bases of interest. - Furthermore, it was

confirmed that specific'amplification could be iﬁproved by
using an oligonucleotide containing inosine.

Example 3: Allele—spécific DNA amplification of

20 genomic DNA

Reactions were carried out under conditions as
described in (2) above. In_the reaction, 150 ng or 30 ng
of a human genomic DNA (Clontech) for which it had been
confirmed.lthat codon 12 in c-Ki-ras exon 1 encodes Gly

25 (GGT), the Nucleotides of SEQ ID NOS:7, 10, 11 and 12



L Structure, 8:897-904 was used in pl ace of Pfu RNase HIl. Reactio s8 %iEZOUS
carri{ed out under conditions as described in 5 Exanple 1 using the .
. Nucl éotide of SEQID NO7 as a forward Nucleotide and the oligonucl eotide
~of SEQID NGO -6 as an antisense prinmer. After reaction, 5 ul each of the
reaction m xtures was subjected to el ectrophoresis on 3.0% agarose - gel.
The- results are shown in Figure 4. The580 reaction m xtures in which the
tenplates 12G 12C, 12R and 15 12S were used were applied to lanes 1. to 4
in the agarose gels as shown in Figures 4-1 and 4-2, respectively..
Figures 4-1 and 4-2 show results for the reactions in which Afu RNase H
and M a RNamerdisponstlimqised, GégpecCysel YArds shbwsem Bitgueeddn using Afu
RNase HII and'Ma RNase HII, anplification products were observed only
when t he respsicitioelxG wabiokedhad hhtehs, dedams et ddr get beickeile o6id
encoded Ay for codon 12. These results show that a base- substitution in
a target mpelcdifdadily careteet20 ttiest fogui shedelssngrbhesgoRdase1H sin
Exanpl e 5: Detection of SNP using DNA anplification reaction system (PCR)

that requifixasiplderiatandit2 onasteplThesmehBodnefi slhe ePraser idwesdd onpwas
exam ned 25 using a DNA anplification reaction systemthat requires a 18

JUL 2005 3®:denairws aisea. StEPreA eBhHRLLS, OBi ganeeleotdmed SEQ4HnNO 25
was synt hesi zed as a sense Nucl eotide for
mixtures was subjected to electrophoresis on 3.0% agarose
gel. The results are shown in Figure 3.
The reaction mixtures in which the Nucleotide of
SEQ ID NOS:7, 10, 11 and 12 were used were applied to lanes
10 1 to 4 in the agarose gels as shown in Figures 3-1 and 3-2,
respectively. Figures 3-1 and 3-2 show results for the.
reactions in which 150 ng and 30 ng of the human genomic
DNA were used} respectively.
As shown in Figure 3, amplification of a DNA
15 . fragment was observed only when the Nucleotide of SEQ ‘ID
NO:7 was used regardless of the amount of the human genomic
DNA, whereas _amplification of a DNA fragment was not
observed'using other Nucleotides. These results confirmed
that the method for detecting a base substitution of the
20 present invention could be used to detect a specific allele
in a genomic DNA.
Example 4: Defection using various RNase H's
Use of various RNase H's in the detection of a

base substitution as described in Example 1 was examined.

25 Specifically, Afu RNase HII as described in



-specifically detecting the tenplate 12G on the basis of the base sequence
of hynan c-Ki-ras exon 1. The hydroxyl group 5 at the 3-position &8 dub®sss
. moi ety of the nucleotide at the 3' end of the Nucleotide was nodified with
~am nohexyl. A primer having the base sequence of SEQ ID NO 18 was
synt hesi zed as an antisense prinmer as. well. A reaction mxture of-total
volurme of 24 Ill containing 50 pnol each7of 10 the synthetic Nucl eotide and
the primer (the sense Nucleotide and the antisense prinmer),. 2.5. }1 of Ex
Taq buffer (Takara Shuzo), 2 pl of 2.5 MM dNTP m x, 50 U of Afu RNase H I
and 0.625 U of Ex Taq DNA pol ynerase (Takara Shuzo) was prepared. 1 pl of
a 10 ng/ URBIsgiantisn dixameld52t enpMaereRN26e HIC, E2R R¥ade 3 pdepaved in
Exanple 1 was added to the reaction m xture. A PCR was carried out using
Ther mal Ofdlcdy MrikwmnoSmow) gedmddluis: Pfemardd cys| edesof il9d€ fon 5
seconds, 59C for 2 mnutes and 72C for 5 seconds. After reaction, 1 ul
each of té¢nuedstdieon 20887V %004 esvasasusadl yred lusiengo AgPlifFentRNAERD HIT.
Bi oanal yzer (Hew ett-Packard). The results are shown in Figure 5. Figure
5 is a grRedthans lwars retmsi ddheowmoundsr ondil dié Cas | @ds @F Dskigt sn of
interest for the respective tenplates. The vertical axis represents the

amoult of EXampie i iwstn@ntipe oducleot st eEeskoamtd N hafd zonttwaxhs 18
JUL 2005 59 represents the PCR cycle nunber. As shown in Figure 5,

speci fic anpllickitdald oanaf tthe ONAgehubDesrest was ghgernedyo sl wavhen the
tenplate 12G of which the allele was
antisense primer. After reaction, 5 pl each of the
reaction mixtures was subjected to electrophoresis on 3.0%
agarose -gel. ‘The  results are shown in Figure 4. The
10 reaction mixtures in which the templates-l2é, 12C,- 12R and
128 were used were applied to lanes 1 to 4 in the agarose
gels as shown in Figures 4-1 and: 4-2, respectively.
Figures 4-1 and 4-2 éhow results for the reactions in which
Afu RNase HII and Mja RNase HII were used, respectively.
15 As shqwn in Figurg 4, using Afu RNase HIT and Mja
RNase HII, amplification products were observed only when
the template 12G was used, that is, when the target nucleic

acid encoded Gly for codon 12. These results show that a

base - substitution in a target nucleic acid can be

20 distinguished using these RNase H's.
Example 5: Detection  of SNP using DNA
amplification reaction system (PCR) that requires

denaturation step

The method of the present invention was examined

25 using a DNA amplification reaction system that requires'a



-consistent with the prinmer used for detection, was used. 5 Thus, if VAR 2005
confirnmed that the nethod of the present invention was also. effecliVve g%r
. a anplification reaction systemthat requires a step of denaturing a
“nucleic acid as a tenplate. Exanple 6: Allele-specific detection of K-ras
10 codon 61 Detection of another base substitution was examn ned. _
Specifically, DNA fragnents each having58 sequence ,CAA (A u), AAA (Lys)
or GAA (A n) for. codon 61 in human c-Ki-ras exon 2 anplified by PCRs
using the DNA 15 priners of SEQ ID NOS: 19 and 20 were cloned into. the
vector pT7-Blue. The vectors into which the DNA fragnments were cloned
wer e puri fdesthtanedridimgstepa cahvehtimendle nEt hesh@dteotesé 9okt esk@s161Q
61K and 61E, respectively. Based on the results of Exanple 1-(2), chineric
ol i gonucl é8t:iddes whsSEQ:20thBsNEBSd21,a22 and 23nwky e sSykbkesiized asor

Nucl eotides for specifically detecting the respective vectors 61Q 61K and

61E on t hesptearsiifs cafl liyh el dizmeset ivay) Ues et éifp Tak@n, 2 Kbnt 88e 8X80s20£ ThRe
hydr oxyl group at the 3-position of ribose nviety of the nucleotide at the

3" end of keaeh sNugleentd def 2huvas avdhifiad adh am ”@H@XHizdrEﬂaﬁlf@%Qg’i ng
reaction was 1 8 JUL 2005 60 carried out using the Nucleotide as”a sense

e s e e S5 Sz o8 aeTasc e, i
g 50 pnol eac of the synthetic

ol i gonucl eot igiel p5f "ehe (BeNEStAME was modified with aminohexyl. A
primer having the base sequence of SEQ ID NO:18 was
synthesized as an antisense primer as. well. A reaction
mixture of- total volume of 24 ul containing 50 pmol each of
10 the synthetic Nucleotide and the primer (the sense
Nucleotide and the antisense primer),. 2.5 pl of Ex Taq
bufferl(Takara Shuzo), 2 npl of 2.5 mM dNTP mix, 50 U of Afu
RNase HII and Q.625 U of Ex Taq DNA polymerase (Takara
Shuzo) was prepared. 1 ul of a 10 ng/ul solution of the
15 template 12G, 12C, 12R or 128 prepared in Ekample 1 was
added to the reactioﬁ mixture. A PCR was carried out using

Thermal Cycler (Takara Shuzo) as follows: 25 or 30 cycles

of 94°C for 5 seconds, 59°C for 2 minutes and 72°C for 5

seconds. After reaction, 1 ul each of the reaction
20 mixtures was analyzed using Agilent 2100 Bioanalyzer
(Hewlett~-Packard). The results are shown in Figure 5.

Figure 5 is a graph that illustrates the amounts of
amplification products of interest for the - respective
templates. The vertical axis represents the amount of

25 amplification product of interest and the horizontal axis



.5 antisense primers), 1 ul of a 0.05% propyl enedi ani ne aqueous so ¢ tug
and <10 pg of one of the tenplate DNAs 61Q 61K and 61E was prepared he

. pri

al bumi n,
5.5 U of

. were annealed to the tenplate by heating at 98C for 2 m nutes and
~then at 53C in Thermal Cycler Personal (Takara Shuzo) 20 ul of a 10
m xture containing 0.625 mM dNTP m x, 40 mM Hepes-KOH buffer (pH 7.8)
mM pot assi um acetate, 5 nM magnesi um agetate, 0.0125% bovi ne serum
1.25% di met hyl sul foxide, 11 U of Afu RNase HI | (Takara Shuzo),

BcaBest DNA pol ynerase (Takara Shuzo) and sterile water was 15

added to the heated m xture to nmake the final volunme to 25 pl. The

reaction megngsentes theulriredcat188Gui®erl hopk. sHkerineagidqen 5,11

each of the reaction mixtures was subjected to el ectrophoresi’s on 37 0%

agar ose gedpechnfic remplisica€ioshewnth DNAULE G.nted By B4y | Spadrdfq

el ectrophoresis pattern that represents results for detection using the

primer of c3AQ | NG 2t Heor +d@iAGiHaNg 1261Q okanggidy 2¢gad §1i§1?ée$@§§
results obtained using the tenplates 61Q 61K and 61E as tenpl ates,

respecti velonsidtiany ewbBhi TN ©F 8/t F OpBRKESE S paé*csgg ?Hat dg%obgéggt S 25

results for detection using the primer of SEQ

dete@ i ng s, Laresyds ?c&fnfilﬁnéc?pﬁz?l%%mtﬁss%é&l&t yedy us

tenpl ates 61Q 61K and 61E,

, 125

05 61

respectively. Figure |s an elé%?%o%ﬁore5|s

pattern t fl&ivé’rﬁﬁrcﬁﬁema% resud s efﬁc&%@c'{fw t aﬂ)l\'ﬁ?d ?gfiggf]:?ésﬁner of

SEQ ID NO. 23 for 5 detecting 61E. Lanes 1, 2 3 repres

resu

obtained reaction system that requires a step of  denaturing a

10

15

20

25

nucleic acid as a template.

Example 6: Allele-specific detection of K-ras -

codon 61

Detection of another base substitution was
examined. .Specifically, DNA fragments each having 'a
sequence CAA (Glu), ARA (Lys) or GAA (Gln) for codon 61 in
human c-Ki-ras exon 2 amplified by PCRs using the DNA
primers of SEQ ID NOS:19 and 20 were cloned into the vector
pT7—Blue{ The vectofs into which the DNA fragments Qere
cloned were purified according to a conventional method and
designated as 61Q, 61K and 61E, respectively. Baséd on the
results of Example 1-(2), chimeric oligonucleotides of SEQ
ID NOS:21, 22 and 23 were synthesized as Nucleotides for
spécifically detecting the respective vectors 61Q, 61K and
61lE on the basis of the base sequence Qf human c-Ki-ras
exon 2. The hydroxyl group at the 3-position of ribose
moiety of the nucleotide at the 3' end of each Nucleotide

was modified with aminohexyl. The following reaction was



-using the tenplates 61Q 61K and 61E, respectively. As shown in FH PUjifs @@
6B and 6C, it was confirmed that the DNA anplification products of inte? t
.mere>obtained by I CAN reactions in. an allele-specific 10 manner using SEQ
-ID NCS: 21, 22 and .23. Thus, it was confirmed that the nmethod.of the
present invention was effective if the _objective base substitution was
changed. Exanple 7: Allele-specific det 88t i on of CYP2C19(636) 15 (1) A
detection nethod for distinguishing genetic hono-type from hetero-type was
exam ned. The allele for the 636th base in human CYP2Cl9 was sel ected as a
subject. First, DNA fragnents in which the 63.6th base in human_CYP2C19
was G or AEAPRSr P&F BiS PeRsERR i Nuc bRAL hie mBFs 20FePF eSRY i Masdethed 27
were cloned.into the vector pT7-Blue. The plasmds into which these DNA
fragnentsp%épércpéhéﬁxzWE?éNghﬁﬁfﬁédaacéﬁﬁéﬁﬁgsﬁoP@l@GﬁVenﬂiom%acthMOd and
designated as plasm ds 636G and 636A. The plasm ds 636G and 636A as well as
a pl asni d®1E5UE86 QA BrEphrbd VBy Umexiafy & hiel prashidsieg6Glamh@Resach 1: 1
18 JUL 2005 62 were used as tenplates. The plasm ds 636G and 636A served as
nodel s foPfgertés c. pyRbheype, Widrammialeotpldsni dr6B86E5A (sensed aan@ nodel
for genetic hetero-type. Next, Nucleotide of SEQ ID MOS: 28 and 29 were
synt Resi zéBtasessRuck&dmiedss /f orl spdci fdftald y Uetct ipigop heetSGiamie t he

aqueous solution and 10 pg of one of the template DNAs 61Q,
61K and 61E was prepared. The primers were annealed to fhe
template by heating at 98°C for 2 minutes and then at 53°C
in Thermal Cycler Personal (Takara Shuzo). 20 pl of a
10 mixture containing 0'625. mM dNTP mix, 40 mM Hepes-KOH
buffer (pH 7.8), 125 mM potassium acetate, 5 mM magnesium
acetate, 0.0125% Dbovine serum albumin, 1.25% dimethyl
sulfoxide, 11 U of Afu RNase HII (Takara Shuzo), 5.5 U of
BcaBest DNA polymerase (Takara Shuzo) and sterile water was
.15 added to the heated mixture to make the final volume to 25
pl. The reaction mixture was incubated at 58°C for 1 hour.

After reaction, 5 ul each of the reaction mixtures was

subjected to electrophoresis on 3.0% agarose gel. The
results are- shown in Figure 6. Figure 6A is an
20 electropho:esis pattern that represents results for

detection using the primer of SEQ ID NO:21 for detecting
61Q. Lanes 1, 2 and 3 represent results obtained using the
templates 61Q, 61K and 61E as templates, respectively;
Figure 6B is an electrophoresis pattern that represents

25 results for detection using the primer of SEQ ID NO:22 for




" 636A, respectively. The followi ng reaction was carried out usi ng]tJnE 2005
Nucl-eotide as a sense priner and the priner of SEQ ID NGO 30 as a o

. antidense primer. A reaction nmixture of a total volune of 5 pl containing
-50 prol each of. the 10 synthetic oligonucleotide priners (sense and
antisense priners), 1 pl of a 0.05% propyl enedi am ne aqueous solution and
1 pg of one of the plasmds 636G 636A &hd 636G A as a tenplate DNA was
prepared. The primers were annealed to the tenplate by heating at 98C for
2 mnutes and then at 15 53C in Thermal Cycler Personal (Takara Shuzo). 20
pl] of a mxture containing 0.625 nM dNTP m x, 40 mM Hepes-KOH buffer (pH

7.8), 125 du¥leprtiagsiaiik.acdiates 15 M amyEsiephe faed atedsu Ot 12504 bowd ne
serum al bum n, 1.25%di nethyl sulfoxide, 11 U of Afu RNase HII, 5.5 U of

BcaBest DhA iy [mdley rmmasie taxd IS i 1K vaieremBs adgrd-tiordhe, heai @dre
m xture to nmake the final volume to 25 pl. The reaction mxture was

i ncubat ed éat £3Cahorelediorphdféelsr gactiedn, thatlrepeBsahtkherdfactson
m xtures was subjected to electrophoresis on 3.0% agarose gel. The results

are shown f2% ide tiicgices obA=dbd Bis MPuir Hrinfedn ©lged raphes 65t sedy 8 JUL
2005 63 5 pattern that represents results for detection using the

Nucl &ot i dgle&3eEinamas .1, Tamd 13 repesentdisiddrt ha fedyisi e d he
pl asm ds 636G 636A and 636G A as tenplates, respectively.. Figure /B is

an el ectr @Rhoieshe RMALtdNAH10, 61K and 61E, respectively. -
| As shown 1in TFigures 6A, 6B and 6C, it was
confirmed that the DNA amplification products of interest
were obtained by ICAN reactions in an allele-specific
10 manner using SEQ ID NOS:21, 22 and 23. Thus, it was
confirmed that fhe method of the present invention was
effectiﬁe if the objective base substitution was changed.

Example 7 Allele-specific detection of

CYP2C19(636)

15 o (1) A detection method for distinguishing genetic
homo-type from hetero-type was examined. The allele for
the 636th base in human CYP2C19 was selected as a subject.
First, DNA fragments in which the 636th base in human
CYP2C19 was G or A amplified by PCRs using DNA primers of

20 SEQ ID NOS:26 and 27 were cloned into the vector pT7-Blue.
The plasmids into which these DNA fragments were cloned
were purified according to a conventional method and
designated as plasmids 636G and 636A.

The plasmids 636G and 636A as well as a plasmid

25 636G/A prepared by mixing the plasmids 636G and 636A at 1:1



.represents results for detection using the Nucl eotide 636A. Laneg 1 l??@@d
.3 represent results obtained using the plasmds 636G 636A and §6@§A as
. templates, respectively. As shown in Figures 7A and 7B, it was confirmed
-that 10 detection could be carried out in an allele-specific manner using
“the Nucl eotides. (2) A human genom c DNA was used as a tenplate in
conparison with PCR-RFLP for analysis. SRP typing was carried out as
described in (1) above using 150 ng of a 15 human genom ¢ DNA (Cd ontech) as
a tenplate. The results 20 are shown in Figure 7C. Figure 7Cis a
el ectrophoresis pattern that represents results for SNP typing of the
human gef&H UL dankeemplahgs? adder Ppessdns B8Od tandbibMeslervsing t he
Nucl eoti des 636G and 636A, respectively. As shown in Figure 7C, the
anmpl i fi ed aBNRastels rficar exnatpisc detmet b onl whess t tiee Nuld 2ot d dé3 686G was
used. The allele for the 636th base in CYP2C19 of the genom c DNA was
det er mi nedetyese haso- aypaod@d6GHr (pehdeiot haeteandtybypi ng viesxearri ed
out by PCR 25 RFLP using the human genonic DNA. A PCR was carried out 1 8
JUL 2005 8ralsioigdes0ofig SBQt IO gdodn2e. aDNA aad waidreksynoheSEQeD adNCS: 26
and 27.. The resulting PCR anplification product was treated with BanHl
and the r dactliewtimed uferwaspsaehf Brd Elly tde telotdigopbhe ed B®N a3 d0% Rgar ose
gel. The results are 5 shown in Figure 7D. Figure 7D is an el ectrophoresis

636A, respectively. The following reaction was carried out

using the Nucleotide as a sense primer and the primer of

SEQ ID NO:30 as an antisense primer. A reaction mixture of

a total volume of 5 pl containing 50 pmol each of. the

10 synthetic oligonucleotide primers (sense and antisense
primers), 1 pl of a 0.05% propyienediamine aqueous solution
and 1 pg of one of the plasmids 636G, 636A and 636G/A as a
template DNA was prepared. The primers were annealed to
the template by heating at 98°C for 2 minutes and then at
15 53°C in Thermal Cycler Personal (Takara Shuzo). 20 Bl of a
mixture containing 0.625 mM dNTP mix, 40 mM ﬁepés—KOH
buffer (pH 7.8), 125 mM potassium acetate, 5 mM magnesium
acetate, 0.0125% bovine serum albumin, 1.25% dimethyl
sulfoxide, 11 U of Afu RNase HII, 5.5 U of BcaBest DNA
20 pblymerase and sterile water was added to the heated
mixture to make the final volume to 25 nl. The reactién
mixture was incubated at 53°C for 1 hour. After reaction,
5 pl each of the reaction mixtures was subjected to
electrophoresis on 3.0% agarose gel. The results are shown

25 in Figures 7A and 7B. Figure 7A is an electrophoresis



1
.pattern that represénts results for typing by PCRRFLP using the hunan
genoic DNA as a tenplate. Lanes 1 and 2 represent results f or1 8 heULPEDBS
.ampl ?¥fication product and the PCR anplification product digested with
-BamHl, respectively. 10 As shown in Figure 7D, the PCR anplification
product was conpletely digested with BanH . . Thus, the allele for the
636t h base in CYP2C19 in the genom c DNA3was al so determ ned to be
hono-type (636G G by. PCR-RFLP. it was confirned that the results obtained
using the nmethod 15 for, detecting a base substitution of the present
invention were consistent with those obtained using the conventional SNP

typi ng by jaEReRF Pthé8) négrgsdmies plrasnilds 6366 £36A+ B0 ALR epreed in

(1) above, a detection nethod was exam ned 20 assuni ng genotype of a

honol ogousiudlearmisiye 638s reacshey Was GArHed Qut ragrbebhewsrebiish, the
Nucl eoti des 636G and 636A having fl uorescence | abel s Rox (ABI) and Fam

(ABI) beioigadlnlert hed ialy t heed' plakmibis Wahel,ar 83dhst hagui ghakle gach
ot her were synthesized. A mxture containing equal 25 anounts of the

f | uor esceneamgiabkelsd Ratiiwes, was used. 18 JUL 2005 65 Detection was
carried out as described in (1) "above. After reaction, a portion of each

reacts on nixture wagiguRjeected {40 shecéw??géﬁtﬁh%gﬂs&g%(?e;gggfxosﬁh%' to

fully separate the anplification product e unrea uorescence 5

| abel ed N iche. | i d
sheled Nickaolidl Akl o) oo Lok (45, P90090,05L0: 188 E08hYZS

Lanes 1, 2 and 3 represent results obtained using the
plasmids 636G, 636A and 636G/A as templates, respectively.

As shown in Figures 7A- and 7B, it was confirmed that

10 detection could be carried out in an allele-specific manner

| using the Nucleotides.

| (2) A human genomic DNA was used as a template in
comparison..with PCR-RFLP for analysis. = SNP typing Iwas
carried out as described in (1) above using 150 ng of a

15 human genomic DNA (Clontech) as a template. © The results
are shown in Figure 7C. Figure 7C 1is a electrophoresis
pattein that represents results for SNP typing of the human
gegomic DNA. Lanes 1 and 2 and represent results obtained
using the Nucleotides 636G and 636A, respectively.

20 As shown in Figure 7C, the amplified DNA of
interest was detected only when the Nucleotide 636G was
used. - The allele for the 636th base in CYP2Cl1l9 of the
genomic DNA was determined to be homo-type (636G/G).

On the other hand, typing was carried out by PCR-

25 RFLP using the human genomic DNA. A PCR was carried out



.a result, when the plasm d 636G was used as a tenplate, only thq
fl uo~5nescence signal fromthe fluorescent |abel Rox was observed. &l 2095
. plasm d 636A was used as a tenplate, 10 only the fluorescence signal from
~the fluorescent | abel Fam was observed. Furthernore, when the plasmd
636G A was used. as a tenplate, the fluorescence signals from both Rox
and Fam were observed. Based on these ré4ults, it was confirned that the
nmet hod of the present invention was 15 useful as a nethod that could be
used to anal yze the 20 genotype (honp-type or hetero-type) on a honol.ogous
chronosone. Exanple 8: Typing using genom c DNA extracted from whole bl ood
A genoni c UBNAgnas5pr epar ed ushieng gbnom@en ThA h andTakatme Shuzd) EEQMZH0 pl
each of whol e blood sanples 1-6 collected fromhealthy individuals after
obt ai ni ng NOSf:@6mechd @ohsermhe INRUMpimy PR LaslifRtaitoraHREd hed i n
Example 7-(1) using 160 ng of the prepared genomic DNA as a 25 tenplate as

vel | as t heedieldeotitesBahi SEQnUD f¥ES: 28z @tb?Inigtdk 2005 Hifh As-td Mers
for specifically detecting the alleles 636G and 636A. The results are

shown in Foguslesc Bfofhofé g esn8A s asgaebest gemhor eshé RakhLekns 4hat
represent results for typings carried out as described in Exanple 7-(1)

using 5 gehominc DhAsFegtractEml. fromiigigddl gpd samlies el @B pHEE &4 es.
Lanes 1 and 2 represent results obtained using

pattern that represents results for typing by PCR-RFLP
using the human genomic DNA as a template. Lanes 1 and 2
represent results for the PCR amplification product and the
PCR amplification product digested with BamHI, respectively.
10 | As shown in Figure 7D, the PCR amplification
product was completely digested with BamHI. . Thus, the
allele for the 636th base in CYP2C19 in the genomic DNA was
also determined to be homo-type (636G/G) by.PCR-RFLP. It
was confirmed that the results obtained using the method
15 'for detecting a base.substitution of the presenf invention
were consistent with those obtained using the conventional

SNP typing by PCR-RFLP.
(3) Using ‘the plasmids '636G, 636A, 636G/A
prepared in (1) above, a detection method was examined
20 assuming genotype of a homologous chromosome. The reaction
was carried out as follows. First, the Nucleotides 636G
and 636A having fluorescence labels Rox (ABI) and Fam (ABI)
being attached at the 5'-termini which are distinguishable
each other were synthesized. A mixture containing equal

25 amounts of the fluorescence labeled Nucleotides was used.



“the Nucleotides of SEQ ID NG 28 (for detecting 636G and SEQ ID (Ngx g ofor
deteﬁting 636A), respectively. Based on the patterns of anplification
. prodtcts as shown in Figures 10 8A-F, the alleles of the respective bl ood
-sanples for the 636th base in CYP2CL9 were typed as follows (1: G A 2:
GG 3: A 4 dG 5 AG 6: dG. On the other hand, typing by
PCR-RFLP was carried out as described i BSExanple 7-(2) using the sane
genom c DNA as a tenplate. The results are 15 shown in Figure 8G Figure 8G
is an el ectrophoresis pattern that represents results for typing by
PCR-RFLP _using genom c DNAs prepared fromthe bl ood sanples 1-6 as
t enpl at es PeL&Ted O #asegadddifd abulas dsae el uilst ngl t bogenom Bt &NAS
extracted fromthe blood sanples 1-6 as 20 tenplates, respectively. Based
on the reggpcsion, & axirtobhoredi saak skawtion Eiguine8Gami sibséonsd t he
cl eavage pattern of the PCR anplification products obtained using the DNAs
prepar ed ftpomldetrezgpentsi/e bhodi Ganpbesosas dednptat €51 liyhesapaedies f or
the 636th base in CYP2CL9 25 were typed as follows (1: GA 2: GG .3. GA

4. A G b5tht Skl P0OH Hh GbEodictTfPHon Whe huneea ctersi 81edt e y¢éicd hose
as descri bed above. As descri bed above, it was confirned that the nethod

of tRe présbet ednWentlieon ives alrsieaf felddtumpiheresis 5 ficciggedse! g4l cal
test sanple was used. Industrial Applicability The. Nucl eotide of the
present iweentnedyaed tilsdng FM-BIO II Multi-View (Takara Shuzo). As
a result, when the plaémid 636G was used as a template,
only the fluorescence signal from the fluorescent labél Rox
was observed. When the plasmid 636A was used as a template,
10 only the fluorescence signal from the fluorescent label Fam
was observed. Furthermore, when the plasmid 636G/A was
used.as a template, the fluorescence signals from both Rox
and Fam were observed. Based on these results, it was
confirmed that the method of the present invention was
15 useful as a method that could be used to. analyze the
genotype (homo-type or hetero—type) on a homologous

chromosome.

Example 8: Typing using genomic DNA extracted

from whole blood
20 | " A genomic DNA was prepared using Dr. GenTLE™
(Takara Shuzo) from 200 pl each of whole blood samples 1-6
collected from healthy individuals after obtaining informed
consent. SNP typing. was carried .out as described in
Example 7-(1) using 160 ng of the prepared genomic DNA as a

25 template as well as the Nucleotides of SEQ ID NOS:28 and 29



.arti

-method for detecting a base substitution using said 10 Nucleotidq fﬁUL 2005
desc;ibed above are useful for detecting a naturally occurring or
icially introduced base substitution. According to the present

~invention, the presence of a base substitution in a target nucleic acid
can be 15 detected conveniently wth reproducibility. The nmethod of the
present invention can be readily conbin@g with a known -nucleic acid
anplification nethod, and can be used to detect a base substitution with
high sensitivity. Furthernore, by using Nucl eotides having appropriate 20
sequences in conbination, it is possible to have information about the

presence G PHRF SubRY i tRerbhiaadlyt Heteghénef thige aduissitas LARE bar@ at
the same tinme. The present invention can be used for detecting or
i dent i fyi rff O -hadd s ISR iage (Bryn ISNFigeres f%Fi n FRBimegedBnic DNA
of an organi sm such as_a pol ynorphismor a 18 JUL 2005 68 variation. Thus,
the preser®rs ngéfctsarherasébul pahteresdsthalf gepomisendr ugedelekopfent and
genom c nedicine for searching for a disease gene in humans, analysis of
drug resitéirdm@s oearheedi kit S5aSeqlemmriladt iing Fragp Tex-3EQ DNy 1 a
gene encodi ng a pol ypeptide having a RNaseHI | activity from Pyrococcus
hor i Koshi igeSE@icD REAZ: PERrpcteer I666NdehEorbtbodi ngamples 1-6 as
templates. Lanes 1 and 2 represent results obtained using
the Nucleotides of SEQ ID NO:28 (for detecting 636G) and
SEQ ID NO:29 (for detecting 636A), respectively. Based on
the patterns of amplification products as shown in Figures
10 8A-F, the alleles of the respective blood samples fof the
636th base in CYP2C19 were typed as follows (1: G/A, 2: G/G,
3: G/A, 4: G/G[ 5: G/G, 6: G/G). On the other hand, typing
by PCR-RFLP was carried out as described in Example 7-(2)
using the same genomic DNA as a template. . The results are
15 shown 1in Figure 8G. Figure 8G 1is .an electrophoresis
pattern that represents results for typing by PCR-RFLP
using genomic DNAs prepared from the blood samples 1-6 as
templates. Lanes 1-6 represent results obtained.using the
genomic DNAs extracted from the blood samples 1-6 as
20 templates, respectively. Based on the results of
electrophoresis as shown in Figure 8G which shows the
cleavage pattern of the PCR amplification products obtained
using the DNAs pfepared from the respective blood samples

as templates, the alleles for the 636th'base in CYP2C19

25 were typed-as follows (l: G/A, 2: G/G, 3: G/A, 4: G/G, 5:



- 10 gene encodi ng a pol ypeptide having a RNase HI I activity fron1§rrococcus
furi-osus SEQ I D NO 3: PCR priner 1650Bam for cloning a gene encd ﬁngﬂB

. pol ypeptide having a RNaseHI | activity from Pyrococcus furiosus 15 SEQ ID
NG 6:. Chimeric oligonucleotide priner to anplify the DNA of a portion of
human c-Ki-ras gene. "nucl eotides 18 to 20 are ri bonucl eoti des- ot her

nucl eoti des are deoxyri bonucl eoti des” SEQ ID NGO 7: Chineric oligonucleotide
to detect 20 the nucleotide substitution on human c-Ki-ras gene.

"nucl eotides 13 to 15 are ribonucl eoti des-other nucl eotides are

deoxyri bonucl eoti des and the 3'-OH group of the nucleotide at 3" end is

pr ot ect ed GAiA, h GaniGi@ )hexw iy oupte SEQd I3 NGB widh mMerd= old ghrwiet Bndd de
prinmer 25 precursor to detect the nucleotide substitution on human ¢ ) 1 2
Jul. 2005aB@vis.-ras gene. "nucleotides 12 to 15 are ribonucl eoti des,

nucl eotide 17 is inosine-other nucleotides are deoxyribonucl eotides and

the 3.-CH group of ke desteobede aldved, end iwWaPr dopatiochaes t Bhari nenhdiexyl
group” 5 SEQ ID NO 9: Chineric oligonucleotide to detect the nucleotide

substit ut metthod fierhe- Kiresast. deR@ntiMchend | 8eso 1drardtifecaiBien a
ri bonucl eoti des- ot her nucl eoti des are deoxyri bonucl eotides and the 3'-OH

group of ptrhetivelleellig call. t3santdnp 1 HRChAGW th anino hexyl’

Industrial Applicability
| The Nucleotide of the present invention and the
method for detecting a base substitution wusing said
10 Nucleotide as described above are useful for detecting a
naturally ~occurring or artificially introduced' base
substitution.
According to the present in&ention, the presence
of a base substitution in a target nucleic acid ‘can be
15 detected conveniently with reproducibility. The method of
the present invention can be readil? combined with é known
nucleié acid amplification method, and can be used to
detect a base substitution with high sensitivity.
Furthermore, by wusing Nucleotides having appropriate
20 sequences in combination, it is possible to havé
information about the presence of a base substitution and
the type of the substituted baée at the same time.
The present invention can be used for detecting
or identifying a base substitution (e.g., SNP) generated in

25 a genomic DNA of an organism such as a polymorphism or a



. ribo

.10 group” SEQ ID NG 10: Chineric oligonucleotide to detect the ”Pﬁhﬁﬂthﬂf

subsLitution on human. c-Ki-ras. gene. "nucleotides 13 to 15 are

ucl eoti des-ot her nucl eoti des are deoxyribonucl eotides and the 3'-COH

-group of -the 15 nucleotide at 3" end is protected with am no hexyl group”
SEQ I D NO 11: Chineric oligonucleotide to detect the nucleotide
substitution on human c-Ki-ras gene. "fi8icleotides 13 to 15 are
ri bonucl eoti des-ot her nucl eotides. are deoxyribonucl eotides and the 3'-OH
group of the 20 nucleotide at 3 end is protected with am no hexyl group”
SEQ I D NO 12: Chineric oligonucleotide to detect the nucleotide _
subst i t ut Vedr igt ifesrran Thus, - rthe geresent nuctedtiaesi d ideflb arefields
ri bonucl eoti des, nucleotide 17 is inosine-other nucleotides are '
deoxyri bowdc| gericdds anduche A2y opdidrgr oumdf ddreomite| enddideimé 3fend is
protected with 16 JUL 2005 70 am no hexyl group” SEQ ID NO 13: Base
sequence ckasedd2l gise &r ahsecirschagegé olius HuMgidusanSERLD N@ 14rufCR
primer AfuNde for cloning a 5 gene encoding a pol ypeptide having a
RNaseH | aetiisittander @m tArechdaegl obus ful gi dus. SEQ I D NG 15: PCR pri ner
Af uBam for cloning a gene encoding a pol ypeptide having a RNaseH
actiwvity from Archaeogl obus fulgidus. 10 SEQ I D NO 16: Base sequence of
ORF in RnaseH

Sequence Listing Eree Text
- SEQ ID NO:1 : a gene: encoding a polypeptide
having a RNaseHII activity from Pyrococcus horikoshii
SEQ ID NO:2: PCR primer 1650Nde for cloning a
10 gene encoding a polypeptide having a RNase HII activity
from Pyrococcus furiosus
SEQ ID NO:3: PCR primer 1650Bam for cloning a
gene encpding a.pqupeptide.having a RNaseHII activity from
Pyrococéus furiosus
15 | SEQ iD NO:6: Chimeric oligonucleotide primer to
amplify the DNA of a portion of human c-Ki-ras gene.
"nucleotides 18 to 20 are ribonucleotides—other.nucleotides
are deoxyribonuclebtides"
SEQ ID NO:7: Chimeric-oligonucléotide to detect
20 the nucleotide substitution on human c-Ki-ras gene.
"nucleotides 13 to 15 are ribonucleotides-other nucleotides
are deoxyribonucleotides and the 3'-OH group of the
nucleotide at 3'end is protected with amino hexyl group"
SEQ ID NO:8: Chimeric oligonucleotide primer

25  precursor to detect the nucleotide substitution on human c-



from Archaeogl obus ful gidus.. SEQ ID NO 17: Ami no acid sequence of RNaseH|
from Archaeogl obus ful gidus. SEQ I D NO 18: Designed PCR primer tq @mplLifos a
. 15 portion of c-ki-ras oncogene exon 1 SEQ ID NO 19 Designed PCR prinmer to
-"anplify a portion of human c-ki-ras oncogene exon 2 SEQ I D NO 20:
Desi gned PCR prinmer to anplify a portion of human c-ki-ras oncogene-exon 2
20 SEQ ID NO 21: Chineric oligonucleoti@® to detect the nucleotide
substitution on human c-Ki-ras gene. "nucleotides 13 to 15 are
ri bonucl eoti des- ot her nucl eoti des are deoxyribonucl eotides and the 3'-CH
group of the nucleotide at 3'end is protected wth am no hexyl group” 25
SEQ | D NOK22raGhi genec dirwdrec iebis de 2t otoetisct a8 HAbRONH el dnes,
nucl eoti de substitution on human c-Ki-ras gene. "nucleotides 13 to 15 are
ri bonucl eatlicdestdideer nl@l eotigles iabeiteexyhetonuchecl édesdasd t herd' - OH
group of. the nucleotide at 3'end is protected with anmino hexyl group” 5
SEQ | D NOd2®xyehibwenicd eoltiigesucedt tite 3 0-dBt gebupt bE nie entd dertide
substitution on human c-Ki-ras gene. "nucleotides 13 to 15 are

ri bonucl eatti déenal Her pretieeniddos tharmidROME: ot i des and the 3' - OH
group of the nucleotide at 3'end is protected with am no hexyl group” .10

SEQ ED NO 24: Chi nersep of b gRouSk eetHig rtie: det £§dnud o LG eebl dfetect
substitution on human c-Ki-ras gene. :
the nucleotide substitution on human c-Ki-ras gene.
"n.ucleotides 14 and 15  are ribonucleotides-other
nucleotides are deoxyribonucleotides and the 3'-OH group of
the nucleotide at 3'end is protected with amino hexyl"

10 group"

SEQ ID NO:10: Chimeric oligonucleotide to detect
the nucleotide substitution on human c¢-Ki-ras. gene.
"nucleotides 13 to 15 are ribonucleotides?other nucleotides:
are deoxyribonucleotides and the 3'-OH group of the

15 nucleotide at 3'end is protected with amino hexyl group"

SEQ ID NO:11: Chimeric oligohucleotide to detect
the nucledtide substitutién on human c¢-Ki-ras .gene.
"nuclectides 13 to 15 are ribonucleotides-other nucleotideé
are deoxyribonucleotides and the 3'-OH group of thel

20 nucleotide at 3'end is protected with amino hexyl group"

SEQ ID NO:12: Chimeric oligonucleotide to detect
the nucleotide substitution on human c—Ki—ras- gene,
"nucleotides 13 to 15 are ribonucleotides, nucléotide 17 is

inosine-other nucleotides are deoxyribonucleotides and the

25 3'-OH group of the nucleotide at 3'end is protected with



-"nucl eotides 17 to 19 are ribonucl eoti des-other nucleotides are

deoxyri bonucl eoti des" SEQ I D NO 25: Chineric oligonucleotide to del 8ctUt 785
. the hucl eotide substitution on human c-Ki-ras gene. "nucleotides 16 to 18
-are ribonucl eotides-other nucleotides are deoxyribonucl eotides and the
3'-OH group of the nucleotide at 3 end is protected with am no hexyl

group"” SEQ I D NO 26: Designed PCR prinmefOto anplify a 20 portion of human
CYP2C19 gene SEQ ID NGO 2.7: Designed PCR primer to anplify a portion of
human CYP2C19 gene SEQ I D NG 28: Chineric oligonucleotide to detect the
nucl eoti de substitution on human CYP2C19 gene. 25 "nucleotides 13 to 15
are ri bon@@iae: heeyloreuniucl eoti des 18 JUL 2005 72 are

deoxyri bonucl eoti des and the 3'-OH group of the nucleotide at 3'end is
protected with am néEexiP FPoup! BEQe BdNMAYe Ghf NAF0E24l iggoricieahi de to
detect the nucleotide substitution on human CYP2C19 gene. 5 "nucl eoti des
13 to 15 areheicbgdwdivsotidasi-dotsher nucl eoti des are deoxyri bonucl eoti des and
the 3'-CH group of the nucleotide at 3'end is protected with. am no hexyl
group” SEQ | D NO 3@EQChipeMNCs 1dl:i gBORCIeatndgle AfuNge tfoanpllichyng perti on
of human CYP2C19 gene. "nucl eotides' 19 to 10 21 are ribonucl eoti des- ot her
nucl eot i dgsnar encdeldxyr iab gougieptt idEs "hakfinldla 2QMseHII activity from

Archaeoglobus fulgidus.
| SEQ ID NO:15: PCR primer AfuBam for cloning a
gene encoding a polypeptide having a RNaseHII activity from
Archaeoglobus fulgidus.
10 SEQ ID NO:16: Base sequence of ORF in RnaseHII
from Archaeoglobus fulgidus.
SEQ ID NO:17: Amino acid sequence of RNaseHII
from Archaeoglobus fulgidus. |
SEQ ID NO:18: Designed PCR primer to amplify a
15 portion of c-ki-ras oncogene exon 1
SEQ ID NO:19 Designed PCR primer to ‘amplify a
portion of human c-ki-ras oncogene exon 2
SEQ ID NO:20: Designed PCR primer to amplify a
pOrtion of human c-ki-ras oncogene - exon 2
20 SEQ ID NO:21: Chimeric oligonucleotide to detect
the nucleotide substitution on human c-Ki-ras gene.
"nucleotides 13 to 15 are ribonucleotides-other nucleotides
are deoxyribonucleotides and the 3'-OH group of the
nucleotide at B'énd is protected with amino hexyl group"

25 SEQ ID NO:22: Chimeric oligonucleotide to detect



.om Xi

.73 CLAIMS 1. A nethod for detecting the presence of a base sybstitupion at
a specific base in a target nucleic 5 acid, the nethod conprisingsg () 2005
ﬁg a sanple containing a target nucleic acid with a Nucleotide,
~wherein the Nucleotide (A) is nodified at the 3" -term nus such that
extension fromthe term nus by a DNA pol ymerase does 10 not occur; (B) has
a base sequence capable of annealing tdla region containing a specific
base in the target nucleic acid; and (C) contains a sequence in which if
there is 15 a mismatch between the specific base and a base correspondi ng
to the specific base in the Nucleotide .in a conplex conposed of the _
Nucl eot | déhénd Rpeleqii@e AUbBSiEusdion, tdre Noghant | ¢eKisrast cyemsed with
a nuclease, and if there is no msmatch between the 20 specific base and a
base corrédpeadiatd des tife tepdd fane dzmual adiel ddrctantd denud heo e ot i de
is cleaved with a nuclease to generate a new 3'-termnus; (2) treating the
m xture wiafle t leqnictidayaicmbt idwes DNingol yher a8é:-0Hnd 2oufp3) «iet eghéng the
presence of cleavage of the 18 JUL 2005 74 Nucl eotide with the nucl ease.
nucleotide at 3'end is protected with amino hexyl group"
5 _ SEQ ID NO:23: Chimeric oligonucleotide to detect
the nucleotide substitution on human c-Ki-ras gene.
"nucleotides 13 to 15 are ribonucleotides-other nucleotides
are deoxyribonucleotides and the 3'-OH group of .the
nucleotide at 3'end is protected with amino hexyl group"
10 SEQ ID NO:24: Chimeric oligonucleotide to detect.
the nucleotide substitution on human c¢-Ki-ras gene.
"nucleotides 17 ‘to 19 are ribonucleotides-other nucleotides

are deoxyribonucleotides"
SEQ ID NO:25: Chimeric oligonucleotide to detect
15 ,Ithe nucleotide substitution on human c-Ki-ras gene.
"nucleotides 16 to 18 are ribonucleotides—other nucleotides
are deoxyribonucleotides and tﬁe 3'-OH group of the
ﬁucleotide at 3'end is protected with amino hexyl group"
SEQ ID N0526: Designed PCR primer to amplify a
20 portion of human CYP2C1l9 gene
SEQ ID NO:27: Designed PCR primer to amplify a
portion of human CYP2C19 gene
SEQ ID NO:28: Chimeric oligonucleotide to detect
the nucleotide substitution on human CYP2C19 gene.

25 "nucleotides 13 to 15 are ribonucleotides-other nucleotides



- 2. The nethod according to claim1; wherein the nuclease is a ribognucl ease
H, apd the Nucl eotide contains a ribonucleotide in the region cohBadlh

. the base 5 corresponding to the specific base. 3. The nethod according to

~claiml, wherein the nuclease is a restriction enzyme, and the Nucl eotide
contains a recognition sequence for the restriction enzyne in the region
contai ning the base corresponding to thé2 10 specific base. 4. A nethod for
detecting the presence of a base substitution at a specific base in a
target nucleic. acid, the nethod conprising: (1) mxing a sanple
containing a target nucleic 15 acid with a Nucl eotide, wherein the
Nucl eot i d&XeA) depxmdidonicrotides' -ardni hhe sdchOthatgraant ensf ontheom t he
term nus by a DNA pol ynerase does not occur; (B) has a base sequence
capabl e ohugAeedliidey aR® 'teand gt extradiwitly anspecidxyl baseuph t he
target nucleic acid; and (C) contains a sequence in which if there is no
m smat ch bet ween t hSESheld fN@: BaseChnneaibasd igoourcdspdridiendg-d odéhect
specific base in the Nucleotide 25 , in a conplex conposed of the
Nucl eot i déhgnd nheleatjde 1SUHALIZQ05 5 noeal eiloumah d, CYiPECNGC| egéhde is
not cleaved with a nuclease, and if there is a m smatch between the

5 "nucleotides 13 to 15 are ribonucleotides-other nucleotides

are deoxyribonucleotides and the 3'-0OH group of the
nucleotide at 3'end is protected With,amino hexyl group"

SEQ ID NO:30: Chimeric oligonucleotide primer to

amplify a portion of human CYP2Cl19 gene. "nucleotides 19 to

10 21 are ribonucleotides-other nucleotides are

deoxyribonucleotides"



'-specific base and a base corresponding to the specific base in th?
the Nucleotide is cleaved with 5 a nucl ease to generat

Nucl-goti de,
. 3'-térm nus;
- pol yner ase;

with the nucl ease.

and (3) detecting the presence of cleavage of the
10. 5. The nethod according to claim4, wherein the

(2) treating the mxture with the nuclease and the DNA

& 420

Nucl eot i de

nucl ease is a m smatch-specific nucleasé3 6. The nethod according to claim

1 or wherein the Nucl eotide has a sequence in which if there is

no base

substitution in the target nucleic acid, a msmatch 15 is not generated in
t he conpl ex conposed of the Nucl eotide and the target nucleic acid. 7. The
met hod according to claim1l or whereCRhAIME Nucl eoti de has a sequence in

which if there is a base substitution in the target nucleic acid, a
m smatch 20 is not generated in the conpl ex conposed of the Nucleotide and

the target nucleic acid. 8. The nethod according to claim1l or 4,

wher ei n

the cleavage of the INucl ot mdehbsl dedecidet dersieds oBhet her Hs@sacR Of zan
extensi on product generated by the 25 action of the DNA pol ynerase.
2005 76 5MaseTheubethbdtacnondi ng speehdi bade 4in whersidet hgusl eavage of
t he Nucl eotide is detected based on '

5 acid, the method comprising:

(1) mixing a sample containing a target nucleic

acid with a Nucleotide, wherein the Nucleotide

10

15

20

(A) is modified at the 3'-terminus such that
extension from the terminus by a DNA polymerase .does
not occur; |

(B) has a base sequeﬁce capable of annealing
to a region containing a specific base in the target
nucleic acid; and

(C) containé a sequence in which if there is
a mnmismatch between the specific base and a base
corresponding to the specific base in the Nucleotide
in a complex éomposed of the Nucleotide and the target
nucleic acid, the Nucleotide is not cleaved with a
nuclease, and if there is no mismatch between the
specific base and a base corresponding to the specific
base in the Nucleotide, the Nucleotide is cleaved with
a nuclease to generate a new 3'-terminus;

(2) - treating the mixture with the nuclease and

the DNA polymerase; and

25

(3) detecting the presence of cleavage of the

18 JuL



.1 or

- |
-the presence of a fragnent of a 3' portion released from the Nucl&quidggs
geneﬁated by the action of the nuclease. 10. The nethod according to claim
4, wherein the cleavage of the Nucleotide is detected using a
- | abel ed conmpound attached to the Nucleotide. 11. The nethod according to
claim 10, wherein the | abeled conpound is attached to the Nucleotide in a
10 portion 3' to the cleavage site for t/He nucl ease. 12. The net hod
according to claim10, wherein the | abeled conmpound is attached to the
Nucl eotide in a portion 5 to the cleavage site for the nuclease. 13. The
met hod according to claim 10, wherein 15 the |abel ed conpound attached to
the Nucl edtddeeqtside Withrdrearickedseance. 14. The method according to
claim 13, wherein a substance capable of quenching fluorescence is further
attached to the Nucl@oti dBhe ametthdd 4¢coréseente ¢iabmi it edhe?8inpdhe
cl eavage by the nucl ease. 15. The nethod according to claim 13, wherein
t he cl eavdgelsiaghel N | eidrdniecisasiet Bct and bfha Nt Lesesdencenpaiasi zati on
met hod. 16. The nethod according to claim1 or 4, 25 wherein the
nmodi f i cat irddpastuglrothidd eotiirde dthet he r@gidn8 Jtbn28@RhiRg t etHenuSbase
nodi fication of the hydroxyl group at the 3- position of ribose. 1.7. The
met had acsoxespangligiaqito Ithe shecific base.
3. The method according to claim 1, wherein the
nuclease 1is a restriction enzyme, and the Nucleotide
contains a recognition sequence for the restriction enzyme

in the region containing the base corresponding to the
10 specific base.

4. A method for detecting the presence of 'a’
base substitution at a specific base in a target nucleic.
acid, the method comprising:

(1) mixing a sample containing a target nucleic

15 acid with a Nucleotide, wherein the Nucleotide
(A) is modified at the 3'-terminus such that
extension from the ﬁerminus by a DNA polymerase does
not occur;
(B) has a base sequence capable of annealing
20 to a region containing a specific base in the target
nucleic acid; and
(C) contains a sequence in which if there is
no mismatch between the specific base and a base
corresponding to the specific base in the Nucleotide

25 . in a complex composed of the Nucleotide and the target



-wherein the. Nucl eoti de contains a nucl eoti de anal og and/oﬁ 5 a nold8 fJu&d2005
nucleotide. 18. The nmethod according to claim 17, wherein the nucl eotide
- anal 0g i s a deoxyriboi nosine nucleotide or a deoxyribouracil nucleotide,
-and the nodified ribonucleotide is an (a-S) ribonucleotide. 10 19. The
met hod according to claiml1 or 4, further conprising a step of nucleic
acid anplification in which an extensid® product generated by the. action
of the DNA polynerase is used as a tenplate. 20. A nethod for analyzing a
genotype of an .15 allele; the method conprising detecting the presence of
a base substitution at a specific base in a target nucleic acid according
to the nmethod dBIGHREF bgcdrai nthe. Necleathds ebsi dotusedetveddetietti ag a
base substitution at a specific base. in a target nucleic acid,. 20 which
(A is nodifiedU¥flearwes ans nildustbach that a extiemsitorh f betwiden t &hei nus
by a DNA pol ymer ase does not occur; (B) has a base sequence capabl e of
anneal i ng to a S ¥Eg draomad nd nppse spectéspohdsrgi hot hret apgeti fidc! ei ¢
18 JUL 2005 78 acid; and (C) contains a sequence in which if there is a
m smat ch bet wed® el s gds fiNeckeskided théaSecteot bdpondi afeatradt ke th
specific base in the Nucleotide in a conpl ex

5 a nuclease to generate a new 3'-terminus:

(2) treating the mixture with the nuclease and

the DNA polymerase; and

(3) detecting the presence of cleévage of the
Nucleotide with the nuclease.

10 5. The method according to claim 4, wherein the

nuclease is a-mismatch—specific'nuclease.
6. | The method according to c¢laim 1 or 4,
wherein the Nucleotide has a sequence in which if there is

no base substitution in the target nucleic acid, a mismatch

15 is not generated in the complex composed of the Nucleotide
and the target nucleic acid.
7. The method according to «claim 1 or .4,
wherein the Nucleotide has a sequence in which if there is
a base substitution in the targét nucleic acid, a mismatch
20

is not generated in the complex composed of the Nucleotide
and the target nucleic acid.

8. The method according to claim 1 or 4,
wherein the cleavage of the Nucleotide is detected based on

the presence of an extension product generated by the

25 action of the DNA polymerase.



-5 conposed of the Nucl eotide and the target nucleic acid, the N“019°Mﬂgﬂw5
IS n?t cl eaved with a nuclease, and if there is no m smatch between the
- speci’fic base and a base. corresponding to the specific base in the
“Nucl eotide, the Nucleotide is cleaved with a nucl ease to generate anew 31-
la termnus. 22. The Nucl eotide according to claim21,. which contains a
ri bonucl eotide in the region containing7ghe base ‘corresponding to the
specific base, wherein if there is no msmatch between the specific base
and the base 15 corresponding to the specific base in the Nucleotide in a
conpl ex conposed of the Nuycleotide and the target nucleic acid, the
Nucl eotide is cleavetr wi tH& MY EOFEing. the dleirotl deonccdr di ng
to claim2]l, which_  contains a recognition sequence for a restriction
enzyne i n VERF &k theyioramEai ol nghe Mluepkeet tde ris plattkeiged doaded speci fi ¢
base, wherein if there is no m smatch between the specific base and the
base corr édfforRF ®¥eRect RE spefragmenbasd ian 3 hephutlient irdd daseal coHrmhex
conposed of the Nucleotide and the target nucleic acid, the Nucleotide is
25 cl eavedhd tvalee tista rdestematehiyyrehed Sotlidn 20053179 Rde1dudbic! eot i de
used for detecting the presence of a base substitution at a specific base
in aXxarget nucleidbci dhenhittthol) iscomdifried B tdimid- ter mnuss such
that 5 extension fromthe term nus by a DNA pol ynerase does not
wherein the cleavage of the Nucleotide is detected using a

labeled compound attached to the Nucleotide.

11. The method according to claim 10, wherein

_the labeled compound is attached to the Nucleotide in a
10 portion 3' to the cleavage site for the nuclease.

12. The method according to claim 10, wherein
the labeled compound is attached to -the Nucleotide in a
portion 5' to the cleavage sité for the. nuclease.

13. The method according to claim 10, wherein

15 the labeled compound attached to the Nucleotide i1is a
fluorescent substance.

14. The method according to claim 13, wherein a
substance capable 'of quenching fluorescence is further
attached to the Nucleotide, and the fluorescence is emitted

20 upon cleavage by the nuclease.

15. The method according to claim i3, wherein
the cleavage of the Nucleétide is detected by a
fluorescence polarization method.

16. The method according to claim 1 or 4,

25 wherein the modification of the Nucleotide at the 3'-



-~ occur; (B) has a base sequence capable of annealing to a region cqntainin
a sazcific base in the target nucleic acid; and 10 (C) contains a ok
- in ich if there is no msmtch between the specific base and a base
~corresponding to the specific base in the Nucleotide in a conplex
conposed of the Nucleotide and the target nucleic acid, the Nucleotide is
not cleaved with a nuclease, and if ther/d is 15 a mismatch between the
specific. base and a base corresponding to the specific base in the
Nucl eotide, the Nucleotide is cleaved with a nuclease to generate a new
3'- termnus. 25. The Nucleotide according to claim?24, 20 wherein if
there i s &SH%stThlBempsdf i iarc] @bt ithe dmtindwyt aggetpnadl eitee adi-d in a
conpl ex conposed of the .Nucleotide and the target nucleic acid, the
Nucl eot | d®PISSLLiQneffedi®esra nmi smat ch-speci fic nucl ease. 26. The
Nucl eoti de ‘according to claim21 or 24, 25 which has a sequence in which
if there is no base 18 JUhe00sgbdubstétndion itot helatmgel noel e acid,
a msmatch is not generated in the conpl ex conposed of the Nucl eotide and
the targéhengdirei thacidcledtidaechnthensi de rartiaati e tan£l &6 mRd/er 24,
5 which has a sequence in which if there is a base substitution in the
targé nué sicdidfdied] rmalienetdh. i s not
18. The method according to claim 17, wherein
the nucleotide analog is a deoxyriboinosine nucleotide or a
deoxyribouracil nucleotide, and the modified ribonucleotide

is an (o-S) ribonucleotide.

10 - 19. The method according to «claim 1 or 4,
further comprising a step of nucleic acid amplification in
which an extension product generated by the action of the
DNA polymerase is used as a template.

- 20 A._method for analyzing a genotype of an

15 allele; the method comprising detecting the presence of a
base substitution at a specific base in a target nucleic
acid according to the method defined by claim 19.

21. A Nucleotide wused for detecting a base
substitution at a specific base in a target nucleic acid,

20 wvhich

(A) 1is modified at the 3'-terminus such that
extension from the terminus by a DNA polymerase does not
occur;

(B) has a base sequence capable of annealing to a

25 region containing a specific base in the target nucleic



-generated in the conpl ex conposed of the Nucl eotide and the

t ar gdtg guc! zpesc

acid? 28. The Nucl eotide according to claim?21 or 24, 10 to which a

| abel ed compound is attached. 29. The Nucl eotide according t
“wherein the |abel ed conpound is attached to the Nucleotide
to the cleavage site for the nuclease. 30. The Nucl eotide ac

o cl aim 28.
in a portion 3
cording to

claim28, 15 wherein the |abel ed conpodfid is attached to the Nucl eoti de
in a portion 5 to the cleavage site for the nuclease. 31. The Nucl eoti de

according to claim28, wherein the |abeled conpound is a fl

uor escent

substance. 32. The Nucl eotide according to claim31, to 20 which a _
substancef%%kﬁﬂﬂ%ﬁﬁﬂ: quenching fluorescence is further attached, wherein
the fluorescence is enmtted upon cleavage by the nucl ease or DNA extension
subsequent to the cl@®@avagetadl8s Bhesdndmot i de addatdi hff theekaiis 24 or

24; 25 wherein the nodification of the Nucleotide at the 3
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ternmi nus vl swsdidh dettiveerofthidespyai Dixy | bas@umadta thes 8- cppsé s pond dhg

ri bose. 34. The Nucl eotide according to claim?21 or 24, whi

ch contains a

nucl eot i décandlhey apeidrfia mbdiskl edn Sthucl Notldetide 15n a complex
5 compoéed of the Nucleotide and the target nucleic acid, the
Nucleotide is not cleaved with a nuclease, and if there is

no mismatch between the specific base and a base

corresponding to the specific base in the Nucleotide, the

Nucleotide is cleaved with a nuclease to generate a new 3'-

10 terminus.

22. The Nucleotide according to claim 21, which

contains a ribonucleotide in the region containing

the base

corresponding to the specific base, wherein if there is no

mismatch between the specific Dbase and - the base

15 corresponding to the specific base in the Nucleotide in a

complex composed of the Nucleotide and the target nucleic

acid, the Nucleotide is cleaved with a ribonuclease H.

23. The Nucleotide according to claim 21, which

contains a recognition sequence for a restriction enzyme in

20 the region containing the base corresponding

to the

specific base, wherein if there is no mismatch between the

speqific base and the base corresponding to the

specific

base in the Nucleotide in a complex composed of the

Nucleotide and the target nucleic acid, the Nucleotide is

25 cleaved with the restriction enzyme.



-35. The Nucl eoti.de according to clai m 34, _ :
a degxyri boinosine nucleotide or a deoxyribouracil nucleotide, and the

?ied ribonucleotide is an (a-S) ribonucleotide. 36. A kit used for
in a target nucleic acid, which contains the

nodi

“detecting a base substitution

wherein the nucl eotide gngj o

gmés.

Nucl eotide defined by claim2l or 24. ..37.. The kit according to claim
.36, which contains a nucl ease and/or @°DNA pol ynerase. 38. The kit

according to the claim 36, which
t he presence of

further

contains a reagent for carrying out a nucleic acid 20

anplification met hod?4- A Nucleotide used for detecting the presence

10

15

20

25

of a base substitution at a specific base in a target
nucleié acid, which

(A) is modified at the 3'-terminus such that
extension from the terminus by a DNA polymerase does not
occur;

(B) has a base sequence capable of annealing to a
region containing a'specific base in the target nucleic
acid; and

(C) contains a sequence in which if there is no
mismatch between the specific base and a base corresponding
to the ispecific base in the Nucleotide in a complex
éomposed of the Nuclecotide and the target nucleic acid, the
Nucleotide is not cleaved with a nuclease, and if there is
a mismatch Dbetween the specific base and a Dbase
corresponding to the specific base in the Nucleotide, the
Nucleotide is cleaved with a nuclease to generate a new 3'-
terminus.

25. The Nucleotide according to claim 24,
wherein if there is a mismatch between the Nucleotide and

the target nucleic acid in a complex composed of the

Nucleotide and the target nucleic acid, the Nucleotide is

cleaved with a mismatch-specific nuclease.
26. The Nucleotide according to claim 21 or 24,

which has a sequence in which if there is no base

further contains a reagent for detecting
DNA extension. 39. ‘The kit according to claim 36, which
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substitution in the target nucleic acid, a mismatch 1is not
generated in the complex composed of the Nucleotide and the
target nucleic acid. |

27. The Nucleotide according to claim 21 or 24,
which has a sequence in which if there 1is a base
subsfitution in the target nucleic acid, a mismatch is not
generated in the complex composed of the Nucleotide and the
target nucleic acid.

28. The Nucleotide according to claim 21 or 24,
to Which a labeled compound is attached.

29. The Nucleotide according to claim 28,
whe;ein the labeled compound is attached to the Nucleotide
in a pdrtion 3' to the cleavage site for the nuclease.

30. The Nucleotide according to claim 28,
wherein the labeled compound is attached to the Nucleotide
in a portion 5' to the cleavage sité for the nuclease.

31. The Nucleotide according to claim 28,
wherein the labeled compound is a fluorescént substance.

32. The Nucleotide according to claim 31, to
which a substance capable of guenching fluorescence is
further attached, wherein the fluorescence is emitted upon
cleaVage by the nuclease or DNA extension subsequent to the
cleavage.

33. The.Nucleotide according to claim 21 or 24,

wherein the modification of the Nucleotide at the 3'-
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terminus 1s modification of the hYdroxyl group at the 3-
position of ribose.

34. The Nucleotide éccording to claim 21 or 24,
which contains a nucleotide analog and/or a modified
nucleotide.

35.. The Nucleotide .according to claim 34,
wherein the nucleotide analog is a deoxyriboinosine
nucleotide or a deoxyribouracil nucleotide, . and the
modified ribonucleotide is an («-S) ribonucleotide.
| 36. A kit used for detecting a base substitution
in a target nucleic acid, which contains the Nucleotide
defined by claim 21 or 24.

.37. The kit according to <claim 36, which
contains a nuclease and/or a DNA polymerase.

'38. The kit according to the claim 36, which
further contains a reagent.for detecting the presence of
DNA extension.

'39. The kit accérding to claim 36, which further
contains a reagent for carrying out a nucleic acid

amplification method.



